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Tt TR PR T T AT FAE g FRE W g DA e 2] AR
P-RBEBITOMBRARIRL ST ER T L g e Vg
Mo T oo @ X TMBERDRTT odTdyy3 ®X Mo MMT R g T o
X WU E R AATBmLSET aNT T REHROHER R AT U

[44]
[45]
[46]
[47]
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[48] 3l Eouby o U E 2 Shitration) Bl 2418 3= gl A o] B] 2 A1
Aglste] UERS B 2202 R YEZ 7|5 A 7 8h= el #g Aot}

[49]

[50] olst, A A& o] &slo] & W& v L et A A starzt gttt ol &
AAd= QA B & By A AR detr] gk sl E g o
H 7} o] ol of &l Al ghE] x| =tz A& Gl 7] dofoll A e A4
7421 2ol Al 9ho A8 &k Aol th

[51]

[52] .58 524

[53] ol X = 75 5% C57BL/6 74 vh9-2= 28nt 2] (8 solehE T
ZZ(Z5E 22~24°C, 55 50~70% &7 6A]oll HE =T A1 EAdF7ho=
APt ow ol Aol QW B8 AHFA AHE 7 AEF Sl &
HErgof| A ARE-3E 5 &2 5 7] 2 71 (NIH, Bechesda, MD, USA) #| %l ol] u} 2 3=
dgdta F= R 2 A AU (GNU IACUC)ZHH <4l 2
3 2 EZ(GNU-161128-M0068)°l| whet A A] 5ttt

[54]

[55] 2. 83 2 A A F 4 (prefrontal cortex; PFC) A| & 1]

[56] o] o3 PRFC A &= 47} CO, 7h2= 2 a3 v~ 258 A& = 53l
Ah-22 N2 @ F 9A[of| A 11A] Abolof] A # &k KiEDTAR 1%
AFg710 R8T A2 4°Col A 500xg= 107 5 < YA -2l 8t o]
85319051, PRC Al 8= A8 A F, Bullet 24 33 7] & o] &3to] 24 &
wb 3 &Far, 4°Col A 12,000rpm S 2 20% ot AN -2} ] B 53
g ap 22 s = (lysate)i= AHE-SH1 A 7EA] -80°Cel| A B kst T

[57]

[58] 3. Z 2 E] 2 Y E(corticosterone) ¥ ROS/RNS(reactive oxygen

species/reactive nitrogen species) & ¢!

[59] 10xg%] I =& GS o] Al o] && 8 M(S0mME] o] 1] T}Z-HCl, pH 6.8, 50mM
L-=F 87, 25mM 9] 3| =52 olel 25mM 2] H| A E H(sodium arsenate),
2mM 2] MnCl, 2 0.16mM 2] ADP) 50méoll -Z3}3Fe] 37°Coll A 1A 1 &<t
1wl o] A 3FS T

[60] 23 3 A A 8- M90mM 2] FeCl,, 1.8N2] HCl 2 1.45% trichloroacetic acid)
505 H7bete] vhgS A A A 7141, GSell 9] g = F Bl (glutamine)

3] =& 2 o} Wl (hydroxylamine) ¥+ © 2 1B 34 #
v-= FEPE 3] =5 Al o] E(y-glutamylhydroxamate) S 7ol A2 EH ol E U &
o]-&-3}o] 560nmell A =74 31Tt

[61] J=d &5 D HA R GAP)-WBE o] -8-3le] GS ¥ Tyr-nitriation GS<] '8 -&

7}z 48191 31, Tyr-nitriation GS©] W 7F ¥4 & &-3- L ERZE 24]

A (ab61392, Abcam, Cambridge, UK) X @A A/G & ¢ 2= o} 7} & Z~(Santa
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[62]
[63]

[64]

[65]

[66]

[67]

[68]

[69]
[70]

[71]

[72]

[73]

[74]

Cruz, Dallas, TX, USA)E o] &8} A 2A ] Z 2 & Fof ule} A A]819] a1, GS 2]
¢ ~ ¥ E-8-& 3}-GS(1:5000, Abcam)Z o] &3Fo] A A& T}

AA A 1. 9 B5 A A 2 E F 2 (Chronic immobilization stress; CIS)ol| o} &
5 4, SFEH 3 5a4(GS) 84 A3 2 GS Ul 4 nitration-E] 241 2]
2 2o

U X
= = E] A A~ E(corticosterone) 3 W 3HE
a1, F 2 PFCO A 2] ROS/RNSE &85t} T2 | I H 2o
< ELISA 7] E(Cayman)E ©]-&38}o] AlzAFe] Wfol ube} A A8l
ROS/RNS:= ROS/RNS o] A| o] 7] E(Cell Biolabs, San Diego, CA, USA)E
o-&ato] AlzARe] Wi ol utel A A3
T1 A 5 1ol FRAIRE uke) o], AE A E ThebA] o2 A (CTL) l Bl &)
SEYAE 7 2EH A9N(STR)S] A5 7U ol A 15Y Alo] HAst=
B O ALR AR FE 2ol 7 A9 gz Ao vhebea,
Z2H|E FF P ROSRNSE: A4 0 5 f ol st Z-7hsh o
2T oju) 22 0] FFEH G RAG)S WAFE P
GS W 9] B ZA10] nitration® # o] FA A o2 {2 v|5HA
ok ohel, GS B4 o] A H0E fou sl Aad A2

u

A

Foox r2
[ o oX

o e

<
=

-

o
v
b

N >0
S o

o olN &
i

0
p‘L
O Y, MIOHER;R_ELQHJ

s
= _@ m]o

> T

g4 PFC(prefrontal cortex) 222} 3} 2 &-o]l 0.0031~0.45mg/ml <]
J7}ste] E3Fakal 1037 F ek Dol A A5 o] M 3sta,
(PN)E 47| 27 s 29 100] 2] 237} ¥ 55 &3
ol A3t 3 in vitro GS A BHele Aw} Bl 22 559 F7}o
FYE Fbehis A2 st

k)

%4

£ £ 0
©
St
= 3

oA
Q off b
93]

0|

A Ao 2. ] 2124 o[ (TD) 3 THA B-E A4 2 E 8 2(CIS) §FETZ(STR) Y

= ]
A% QAR AAF 0} Fel
FERAL T OFAENT, AEYAT)O R Yo, AEY AT
DNRHSF 24X E S AR A 0 2 F47]0] A B Bo] A FEAA
sEdlg 159 B FRen, AAE AFuske) AL 4TS SAeA,
A7 Qg R AEY TS G T o] g dRbA o)) F by 9
E| 2 2 (tyrosin)©| B F(181.2mg/kg)d 2] o]a" 0 2 ThA] #5738t e] 3ol 815l Tt
1 A3 52200 A g BEef o], Bl 24l A o] of o] & AT o] W3} =
AL F ] Aol = gl Al e & FlH it
©] 2, OFT(open field test), TST(tail suspension test) 2 SPT(sucrose preference

¢

=

O
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[75] <wn%%%ﬁwhw:}ﬁ‘*ﬂmwmnmmﬂi 22359 o,
(30x30cm)ell v ] 8}aL 71 & 2hE 53 F <t F 2 5k
A =

o] %Ak, FAA G 07 [~

o2 7
_|_1_194>~

=

o}
T ol s8], TA ol
A st

[76] TST(A ] &= A W)= vh-28 5 Yr
uj ek ar, w A o] A o= A EHAIZHS S8 6H7] 9
A8t

[77] SPT(AHE A2 5 Al g)i= 4841 {F 52t 0.1M 2] A (sucrose) B &5 A &5}

HFHE 59 T, 2443 F20.1M Q] A (sucrose) E =2 A 3 6FA] a1, o] &,

Al ZF & Q0. 1M 9] A} % (sucrose) E =2 Al &F3Fal, 34 {HE 9 0.1M 9]
A} (sucrose) E = 2] YA E WA

[78] o] Z, At F o] An[#E FSASHL, AT S E T A8 i Al e
2ol v)-g & A4rskl ok

[79] 1 A} 5 30| FRA|§E uhef gho
b 2 STRYT O] 1A ool W2 A1k, &0l 7 e], 5402
o) Fokiz 5157} AT R O], AEe A Fol A kA o] (NDye] 1l
B 2202 o F(TD)2] F Aol 0223z ARk, &A= A8, FH 02
ol Bohs 847k 27He A g Felakl

[80] ok, Areg] A A(TST)ol A ZEd 2am9] AHbA o] 7 (ND) = 2 o] X
9= A 2bo] AAECTLIN e BAH 02§98l Z7hakod o (p<0.05),

m

-

Ot

U= AL A
ol 6

s
!

L

],

i

[@)}

§/d(CTL) w1

g

i

ol
=
-~
NN

=2

X

N

J&L
>,

N
o]

ololl thu]sto] Bl ZAl-Aolat& F2 o %] ¢z A Zko] TA 4 o2 F-2v] 817
7 A8 th(p<0.05).

[81] EﬁgﬂﬂﬂiEﬂﬂﬂHE*Eﬂ**AﬂﬂHEEﬂéF%ﬂMﬂ
TAA R ol w s A4S Ok (p<0.001), Z=E gl 2axt of ARk ol o]
< g o] B2 Aol A Ao = SAA R fon et
< 7Fet A tH(p<0.01).

[82] o] % FE& A A FIg Aol M ZEE A2HE e FQlg A
4ol] 7§ A| gk upe} ho], ~E | 0] o] =¥ s ~H|E §FEFol
Ao, ZE | 2ol ARkA ol thH] B 24 2o
s 2E| 2o §aFol TA A o R Foju et A g Alg ekl al#
p<0.05), @4 4H@Zﬂﬂﬁmwmmwﬁmww%{igﬂiiq
=]

o

2

= 1. ] QL T/H
g Ae gl }Oﬂv}(“ p<001 *: p<005>
[83] ghA, o %ﬂWWAEﬂ*?AO”ﬂ“ﬂmDﬁﬂﬂiN*wkH»%q

&

%=
EFRl 34 8. 2(GS) o] S AVl Yk o, 2 Ed 20 o8 GS
2 A aHR oy, 2E oA duk o]yl tiu]she] B Z 414 o] 7
GS &4 o] TAA o2 folnatA F7HsFS 2™, GS W €] N-Tyr(nitraion
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Bl 2)e] gheFo] ~E 2o o3 A4 o' fo|ulatA Frtatdl o
E] 220712 dukal o] ~Ed to) B8] BAH o= F2 | EH A N-Tyrg]
gragol skt (i 5)

[84]
[85] AA A 3. B Z41-4 o|(TD) & T F-F A4 Z2E & 2(CIS) F = (STR) 4,
PFCell A ET‘%&% EFEL EEA 2 GABA 3 &<

[86] PECO A opv| w k(= F ek Y], & FEMY], B 24]) 2 GABA Y] 3138 oA
A=mnbE 2y H AR (LC- MS/MS).2- = sttt

[87] A PFC 225 shafjste] 24 9] A5 A2 H & W FE= 2 (L-Glu-d5)9}
ol d R sttt A% Al Hf’a w58kl LC-MS/MS

Al 2~ Ell(Agilent 6460)°l 5= 551 T} % 2 SeQuant ZIC®-HILIC
78] (2.1x100mm, 3.5um, 100A)S AF&3819] 1, o] BA-S 0.1% EEAS F3s=
o} M| E Y E H(acetonitrile) 2 AF-&3Fe] L) & o Fo] 6%t}

[88] ot At AEL B4 db-E A AEH S o] £35S tHGlu2] m/z 148—84,
Gln®| m/z 147584, GABA 2] m/z 104—87 2L W3- FEE2 2] m/z 153-88).

[89] 1 A3}, 5 60l A e upe)l ol PRCOl A ~E g Ao dubA o]
Aol e & F A, S 7 e, B =4 R 7take] gheFo] 7hAsgl an,

ool thul B 241 Aol e YT 55 o] F O FEHAY, ZEEH, ERA
9 sheke] gepol F7ha A st

[90]

[91] A A4 4. ] 241-2] o|(TD) & THA F-F A A 2 E & 2(CIS) 2 (STR)
PFCO A &R o} 3 W3t

[92] ZH o] A G5 20°C o|5Foll A, PFC 22 FA A3 3, 1.5m0 FH ol
Z2 57 10mg 100402] RIPA(proteinase inhibitor cocktail, PIC 3 &9} 4 o3&t
Aol f2] =2 Y a1 B¢ Balt](bullet blender) S ©]-&3t] 30% E<QF2H
Z2 S g5t 24 3 &S 2T (spin down)3He] Al 28 1.5mf
FHO A 1E & 259E ol&ste] 22 Ffstlth. 12,000rpmell A 154
Zot AX Ho) T AZdS A2 1.5m FEE 7| a1, Aol AFRE

2

.

7HA] -80°Coll A Bkt 7] A ol A PFC & Zﬂ TA H4E A BE
AL 4oCo A A AR T} 2 E o} of o] 7] E(Ammonia assay kit:
Sigma-Aldrich, Cat Num. AA0100)°| A A &%= 4o}
TEe oﬂ(loﬂg/mg—sgguM A S &2 34 38}o] O(blank control), 0.2, 0.4, 0.6,
0.8, 1.0ug/mb = Al 2383 a1, PFC 2] 33 &2 PBS $+5-8 < o = 2]
5141 59 o,
53 371 Sk} of ol 1= el ATz ol olAo] A1 100t s
2.2 20 51419 A5 104(EH Speol 38)E W 4ol 53 52}
el HaS1c) BAl0] S lol o] Ale] Ao} 100uae] dhstel, T 8
5, ol A s¥ ek el ol st PRC % 31

_4

L ﬁﬁ
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5§ A(RIPA+PIC)ON 2] 8 3H4] @ && B g st7] 918 PBS ¢h5-& < 2 = 2]
3] 2413l RIPA+PICE 58 B ) Z 0 2 A3} 55 Fof,
H}O] ii ‘j/] Eﬂ 7] % O] ‘8]»04 340nmoﬂ }\1 O E = T Xq }Oﬂ I;‘I‘ (Alnllldl)

[94]

[95]

[96]

[97]

[98]

[99]
[100]

[101]

[102]

L-=5F94F &9 4 8 A (glutamate dehydrogenase) 8% 10u0E € a1, A2l A
W 5ok Sl o] A Zol 340nmoll A FF = E = EF A TH AW
DA340nm(Asp-Aia) S T-3HL 252 47, EF A £ 9 DA340nmE,
A g o] Ag-oi= S8 B3 ) 2729 DA340nmE Wi A A 2] 3FA T
Fo| Ak o]-&3ke] A9 3 7l (linear regression)& 1-3taL, ©] & ©]-8&}Fo]
ME o] R Yol 55 & ALsHgl
T AT 70 AEH A7 ARbA o] gk -, A Adatol vl Ef bR of ghaFol
Z7Fat A, o]l thulate] &2 kg o] ¥l & A4l-2] o] gk ot
T g ghE o} ko] 7hA g A& gl

A Al 4| 5. in vitro Y1 E Z SK(nitration) &} #| &3} A

1322 PFC gl Z o] ONOO & #l gl ato] @A o] Y E RS} E {8l
Bl 2l o gt WERZ} oA 55 Flstivt. 7L A3 &= 8ol 7fA] g ute}
ol B]|2Ale T of& A o7 vt AE o VJE R3]} AR FH = AL
st o, UERS JA a3 L-EH 24 2 D-E 24 51} FARgE
T8 Ve

g, B wE Bl 2ol UERS A AE 1pg-29] v 9} gk 24
3 E(lysate)= ©]-&3to] WA 8T CO, 7FAE v mhg- A 2
A 5] (prefrontal cortex, PFC) 2 ZF(liver) =2 & ZVz}F A FH ol FAIE A 3,
2 S E ol & 0}04 ZA S v ahar, 4°Col A 12,000rpm S & 20% FoF
A g & Aeds 34 0}04 PFC 2 24 g E(lysate) 2 D AT 37
53 H 5 A Y E 2] E(peroxynitrite,
Ef 1(Q) L- HEN(L Y) % D- FJ;EM(D Y)E 2mMo| FEE
2] oF E-8) ~(vortex)dto] 318l G5l A 10% &<t
HES AT o] F, Y ERE 241 8A(1:1,000), - FERY A AL
&A(1:5.000), f‘%—?l@?d ?ﬂ‘lxﬂ HIEF @A(1:1,000) £1= F-<1atst Qe sl

BN
Mo
&
io)
(s
2 4
r
& o
L) _1
L
L
[
HU
ok
m

it

2 o] g3te] 9280 B2 5T,

e e U PNoﬂ AOH PFC ; bz ) gl 2l HEE§}7} 27}51 thul A £ o)
71t A& Flskl o, &+ F el A A 4(GS)<} <] =4 W ek
A B fYI(IRb)o] £] 9] o] e @A o] Y E 23517} %7}% ﬁ% ol M=o
el Bg Ax g gl ok PNoll 9 & |24 YER3I7F F7Hd
@A =S B EA(Y)o] Eetkol] YA g o= A g o] UERSII}
AT A& A8 THE 94, 9B). PRCS} 1 220l A 2t A g] ko] vl A
7

k=13
Fol kol 7F =& GSeF IRbe] & 0 2 2l sk glt}. 8hA| Wk, IRbi= PNOI|
UERZ 37} = of <libstd FE7 AR A S AAFS-IRb(IRb-p) 9] 9]~
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E5to ® ZRIs A TtHE 9C, 9D).

[103]

[104]  AAd 6 AL o] A2y B Bl vp9-20 A L-E|Z2AIQ] Q& A7dE
%—ZL 23 g2

[105] 1) AL o] A2E B 2l Y

[106] 3?% CS57BL/6 w}-5-2= ZF 2270k & 15U S AR o] A7 #,3
15 0 2 o] 2+ A /g4] o (ND, normal diet; 10kcal% fat, & & 3.85 keal/g),
A ¥ik2] o] (HFD, high fat diet; 60 kcal% fat, & % 5.24 kcal/g), L-E]l 221 (L-Tyr)
7} 2L A HFA] o] (HFD+L-Tyr; 181mg2] L-E] &2l /kg ¥ 3HE A Fstd o, &3}
APRE AR A AFH S ZF NEE sl 3714 Fet 2d mho} A =2

10

N

ot Rl
1_,

ol A RE S48 AL, 15 e S ST

[107] 223} 5= 1000 HAIEE vpe} o], A 52 A3l A o2 Z7heglal, &L A
71%9_;% HFD 2 HFD+L-Tyr L& 2] A 5-°] ND E.t} t] 1/}7}L 7,\9_;,_
stol 5191 51, HFD 2 HFD+L-Tyr 1 & 9] AW 3= §AMSE 523 0 2 vpepwte).

ALz A F Rl 255kt Al 7 A 9] glaL, 7] jkel] whE Apo] & A a4

ergron, d e AAala o] F(ND)ll H] 8] HFD &) g o] £A4 2o
TrefHshAl S 7ksh gl e, HFD+ thH] HFD+L-Tyr w2 ddo] A4 o5
e ul sk Akt

[108]

[109] (2 E=F 3T HA

[110] Ix PBSOl| D-&F 225 £3|A1A 40% D-=FZ 2~ 48 =8]8t} 164 3F
AR k-2 e ST F, AT kg T 28] FFZLE B TS
Aske], A 1)ell whet =F 522 G NG HAFALSI

[ 2

[112]  =F32 FAR(u)=F(g)x5

2
[113] D=, AF 4590 mh9-20) = 40% FF 32 £ 2255 FAH8HS
Hoy GNS BIFFALEE 330, 60,90 E 1204 Al Aol S A4S
[114] L A3, 5 1100 7 A[&F vlel o] A A2 ol i(ND)ell thH| 3o
AAMEA o] HFD) O] P ol W) S F 322 3ol B4 07 £ st
F7hst A ar, ofol] thr]she] ¥ g of L-B] =4 (L-Tyr) 7t
i (HFD+L-Tyr)<> @ W] &F 52 ghafo] ZHAstqit.

Ry
o
>
©
M

[115]
[116] 3 d=d AYAH Al E

[117]  AwAS A2 el 848 0.15 Uiml &S FH] 3kl ol 641 7F 341 gt
nhe-2o] IS S T, e S SAFAFS 075 U/A F (ke)).
A& HFFAG T, 15, 30,60 B 90% Aol e SA 33t
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)
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ot
=2
R=)
ALY

gl skl 21, 900mg/kg(#} o] 7 A1) 2l

4o o ™ :10 ol
Y
N
o3
e, 1F
2o
=2
o
rob
o
rob
i3
)
r-g{l
oz
o

X R

IV}

e e

im
-

(2) ROS/RNS =4

w22 5 slntE 24 A8 10mg @ RIPA buffer 100/ (proteinase/phosphatase
inhibitor 33HE YW1 £-2] 8] = 2 Bullet BlenderZ o] &3Fo] 15 Fot
B8 T} 12,000xg, 4°Coll A 15% B oF YA H-2] 459 ¥2] kAL PBSCll
101 8] A1 5Fo] ROS/RNS =4 ol AF-8-3F 31 TF ROS/RNS 5 5 5= OxiSelect
ROS/RNS ©] Al o] 7] E(Cell Biolabs)& At-&3to] A4 AU =2 S48kt

7holdAbE FAFsto] A E g mhg-2~ 9] Jfjnf 2] o] ROS/RNS 44 ¥ 319f GS
5 ¥4 23 ROS/RNSE| o] Fhold il o 7= S| Rk
E| 2218 AAAZ ap 2o A = gl 2 302 AN THE 15).

3) =FEHY A 2 2(GS) 34 =4
969 ol Ee dn} &3]E 2uE E 3L, 50mM ©] 1| thE-HCl %58 A (pH
6.8)5 F7FE Yol 50 S 2SIt GS FA of Al o] 98 N (50mM
1

imidazole-HCI, pH6.8, 25mM | L-=FE}5l, 12.5mM & 3| =54 ol 12.5mM ¢
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[147]

[148]

[149]
[150]

[151]
[152]

[153]

[154]

[155]
[156]

[157]
[158]

H] AU E F(sodium arsenate), ImM <] MnCl, 2 0.08mM <] ADP) 5040E ¥ 3L
37°Coll A 30~60% 5 oF HE-S-A] A T}

e TR 5,0 o] ZEEEQ
=

v-= FEPE 3] = 5 4h| o] E(y-glutamylhydroxamate) S 0.391~25.0mM 2] -5 %= 7}
55 A7l Al w9 = ol 100402 #H-5-4 4] 8-9(90mM 2] FeCl,,
1.8N€] HC1 ¥ 1.45%(w/v) E¢] & & 2 o} A E4k(trichloroacetic acid)& 3 718} a1
560nm SF o) A EF 5 s =459l

JZT—HJM H5LE Fal 24 AEe] GS &g Tkl GS B AE
AAESQ = FEE S| =AY ol Eo] Ao 2 AL, W9 = uM/min/ug
protein®] T},

1 A3 150 QA g uRel ol G
Bl 2 A1E& A2 A 71 rhg- 2o M = o

n; ﬂﬁo

/1\1_

=

¥ AARY
ATt

oft

w2

ey

}e]
178

o N\
i

o o
<7kt

4 oz
FiX

-2y
-

PN
Olt

@) 2391 49 ¢ 4 (Immunohistochemistry, THC)

PBS®} PFAS A= S8l #F35lal = & 4 =3t PFACI 154]%F o]

T4 ST PBSE 1057 57t 38] Al 8laL, & vho] AL & & (vibratome) 2. &
401m FAR w22 4 BEET)

3% A A &-H-(bovine serum albumin)< 23 A| 71 THC $+5-88(0.3%
Triton X-100& 3283l PBS)ell A7 €53 AH & A2 A 1AIZF &<t
=278 3 4°Col| A 12} g A (anti-NeuN (Millipore, MAB377, 1:500), anti-Ibal
(Wako, 019-19741, 1:200))¢} 15A] 2 o] §E-3- A2 tH(3% BSAE *.3+8F= IHC
SF& ). IHC SF& N o= 1054 33] Al Fetar, JFEAH 23t
g} A (anti-Mouse IgG Alexa Fluor 488(Invitrogen, 1:1000), anti-Rabbit IgG
AlexaFluor594 (Invitrogen, 1:000))2} 2120l A 241 7+ B2 A1 2 tH3% BSA S
E3FeE THC $H5-89). THC ¢E-8 N S 2 10374 33] Al A ekar, 4 22l (silane)
FEH f-2] Eefolzo] dH-E& 14 E 3t} DAPIZF 3% anti-fade 8912
Ao glar AW {2 & dol Wt FFdAnd om # sk o|n| A 9
ANTHEE olux] JEA g 1238 o] &3] 4353t}

Zlopdabel of &) - 2 F o] w22 S HAARE A, 7]oldske] of 3
gut &4 J(CAL, CA3)S] A A A =7 Ao, &g 79 9

n] Al o} 1l M| 3 (microglia) 24 5=7F S 7 L o, Bl 2418 HF g 4
N A EL] F7F 74 = 2L ,?i% F-&-ol o] &l m] Ao} nl Al 3£ 2] 2/ o]
A& A THE 16).

M

2

s

B o

AA o 8 A NATF 2EdH 2 B w920 A D-E]|ZA1 9] QX Aef o
23 &2

(1) WA Al A R AEE A B E)
C57BL/6 <77 m}-$-2~(7529) 287 & F 185 0 & 110 A2 o] (AIN-93G)
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= D-E| Z2AD-Tyr) ¥3} 2] 0] (181mg D-Tyr/kg AIN-93G)E 157Y &<F
Agetdt 23 A5 = A4 A3 T 7 A s e, 1570 F H A5
ol HHFE& SH4 s

[159]

[160]
[161]
[162]

[163]

[164]
[165]

[166]
[167]

[168]

[169]
[170]

i

SR 27 Bk o1 24174 200lux 278 TN WA A1) 3
2~ E & 2 (chronic immobilization stress, CIS)E 7}5} 3 t}. th 2 (CTL), D-Tyr
A4 B 23 (CTLAD-Tyr), ¥4 22 E ¢ 22 7(STR), D-Tyr 4] 4]
A A E Y A~ 7(STR+D-Tyn & & ®-HF3tar, 7 18 & 528 7ule] =
TS,

2) A7 sA
2F B CIS T8 F, A7 5 Al & A ;}9314. X—*l%ﬂﬁ 556{}, A A&
713k & <FD-Tyr 3 A1 42 Al e 2157 <
Hlasl 7] A8l 7] 719 58 & Al ks Abe Jﬂ 7]?/\1ﬁd(object recognition
AA 71 5A S

%] €14]7] -5 Al & (object location recognition test, OLT)<

2

>
o

test, ORT)I} A= 9] A
T3 AT

ORT: %] -&-(habituation), %! &}(familiarization), A] & (test)2] A &A=
T AT Al Al 3HF 104 ol & &9t A A1 7141, 3U A 713}
SAol = T e FLEALES 107 T A RS SHTE b5 Al Y
AAbe] Wg w= EA7F = S5 utdEA WATH 4L A A D DA el =

T AR F s A2 AME R WS 107 Fet A EHAl sk, Zuk 57
&ee] 7152 vlol Bl 2 ARG St Al= 1A V] A9 (DD)s= BH7] A (3) 2=
AFE s

4 @)

DI(Descrimination Index) =[ 211 AHE B A A 771 5584 A& B A A] ZH/[A
AVE BFAIA] ZE 2 L2 5F AR BRALA] 71

om%mTfﬂmﬂkiwzl

)
ot
>
e

(o]
RS
N
i
(£
o
Q‘L
k|
wn
A
offt
2

YA S Shgith 4] AL A5 A 5DDsh FAF WO, WA AL
B A1, A7 OB E AVE S HAeh Ak W AN el A2
A2 975 A5 S AHE s

2
o
b
m
)
>
o X
ol
O

/\

o149 E T @ﬂp%§g4ﬁﬁ%%%ai@ﬂ£@d$w
ol 7k R Sh9te
‘F Oj\/v\-]— OLTOﬂ 15
el 2 2Eo2 fAH Fa ok A AAHIACE 1)

R = P oL Mo
Mo o?i ol
Wi

ém%

A Al o 9, ol =€ A-1(Endothelin-1)2 ©] 83t 3 &5 (stroke) =& v}-$-20f A
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[171]
[172]

[173]
[174]
[175]
[176]
[177]

[178]

[179]
[180]
[181]

[182]
[183]
[184]

[185]

L-E| 241 9] 7 A (brain infarct) ¥} A3 A E X X3 5.3 &<
) HEF 2E 792 &9
855 C57BL/6 57 mh--2=0 154 o] 2] o] HEx= L-H
AFetdaL, B3 AbmE AEA AT 5 A A
3242 o] (ND): AIN-93G
L-Tyr: 905mg/kg L-TyrS X 83 AIN-93G

(2) A== FA-1(Endothelin-1) 1] 2 A $| =< (stereotaxic surgery)

32} Z5rol ol =& 1(Endothelin-1)S 2 3L 2ug/pl) 743 8 A vortex -,
4oCol A F 103 5 259HE o] &3to] bl stAl &l Al ZA T

nF3 A o} B ¥l (avertin: TF-2~ -] 25gF 0.5m0)2 B 7} FAFE O] np9-~E
PFH AR Foll, A9 Fss F el 2uge] A== -1(Endothelin-1)2 o <]
534 A9 bregmas T4 22 AP 1.5mm, ML -1.5mm, DV 1.8mm)°]|
FAsEATH 139 030 8] S8 Tt o, Fdo] AxH F oF 53 &<t
vl S 1T E Fo] =9 -1 (Endothelin-1)0] S83] Ao E4E F Y u=
stelth 935 B3 ol e Aol A ol A 3] HA] F T

RIS

PBS®} PFAS 41742 S8l 3t al & A =31o] PFAC] 1541 o] 4
F 31743}tk PBSE 10% ¢t 33] 14 8}al, vibratome & 2 40um F74| 2
w22 dHg Zehl o dl =9l 1(Endothelin-1)8 51 8F 2 3 o] A 4744 2
AL silane ZHH F7] Sefol=ol nASAT AxH dH - 0.1% crecyl
o 2 A A NS Aoyt

1_,

violet &N ol 5% &< TT ol 32 TH A ol S

100% ol §F-&-&oll 2~32 HH YA ol AFd dlo)l 5% &<k 2 Aoyl
Mount &9& =3 Fo] At~ = W AxAZ T A" dHARE
Fotdu] g o2 wAStaL, A o v A B GO R ou| x| J TR IIFE
o] gto] ¥ A -9 o] WA & AEatglt.

@) SFEH FAFEL(GS) 84 54

964 Z#| o] Eof thi] 534 lysate 2 15 ¥ 31, 50 mM imidazol-HCI buffer
(pH 6.8)& 712 Yol 50 W& 23} GS 4 assay buffer (50 mM
imidazole-HCI, pH 6.8, 25 mM L-glutamine, 12.5 mM hydroxylamine, 12.5 mM
sodium arsenate, | mM MnCl, and 0.08 mM ADP) 50 (& ¢ AL, 37°%0 A 30-60+-
&<t BEg A Z T

b &5 3 0l Ao 35552 ¢l y-glutamylhydroxamate(0.391~25.0mM) &
ATk Aot E= Al 10009] jE-3-74 A -8 H(90mM FeCls, 1.8N HCI 2
1.45% E 2] & 2 2 o} M| E Ak(trichloroacetic acid))& % 31 560nm 3}-g-o]] 4|

FYEE AR5, BRI Ao vaE ¥ 4 AR GS BYS
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Ttk GS 24 HE AYAEE2 y-glutamylhydroxamate 2] A A o =
#xdslar, @9 3= uM/min/ug protein©]

[186] oll &= & *1-1(Endothelin-1)2 7}-$-22 > 2] motor cortex ©l 5= 3Fo] & A4
¥ EFg 5 2943 endotheling 5] F 2 E v o)l A = salines §¢f g+
2ol v s 4 A H-3](infarct volume)”} 3-8} a1, BE] 2 A1-&
900mg/kg( A= AN &5 o =2 A2 A1 71 A F ol A infarct volume©| 74~ §F

A& olslgdn) walk 2x o GS FA 7)o & o) 1] 3F)
ol =& -1 (Endothelin-1)°l 2] &l ZFA % oL, tyr 2 o] of] 2] 8] GS2| &4 o]
FA = A AT 7 ATHE 18).

[187]

[188]  AAl4 10. A7 AZF MnSODE ©] &3 E] 241 €] denitration T3} &<l

[189] 1) ¥ %Al Y E 2] E(Peroxynitrite) 73 &

[190] HEAYEYE (Peroxynitrite)% 0.3M NaOHel 401)] 3] A1 3}e] 302nmeol] A
FFEE HA 8L, {5 A Y E g E(Peroxynitrite) 2] & 333 A (e300 = 1670 M1
em)E ol &3] Akttt

[191]

[192]  2)SOD &4 54

[193]  SOD 4] =42 ThermofisherA} 2] SOD H]*ﬂ@l s A 7| EE o] &5t
37 SODl 91 9] 17F A 23 MnSOD, | Efo] = Q‘rﬂifﬂw HEE
ZEstal dgoll A 103 FF WHg A ZTH 3£ SOD &= BHEAIY] 238
1009} 7| Eo| M Algat= 714 &N 5045 969 Ed o] Eof] ¥ 31 450nmeol] A
FHEE SAEG . 7 Eol A Algels e S a4 25uE WAl Aol A
204 FRFHEEAIZ] 3 450nmol A FEEE SASEATE 22 S T3l A
12k 578 5355 Wl HolH & o] &38to] SOD &4 & A st

[194] 1 A3}, SOD= A A o] 2 A AEo o3 SOD €4 o] A5t =| it
MnSOD<2| 24 %= peroxynitrite 2] 2] 8l Z-A %]}, 3 7F8F Tyr (L-, D-form)©l)
SOD &4 o] # A ¥ = A& Fl e vh(5 19).

[195]

[196]  AAld 11 548 AF-A g Tyre] &3 &<

[197] (1) FEAE

[198]  23~25g2] 24 C57BL/6 "H$-2~(ZotEhE 259} 457t A A S| 74 ¥ =

T AbS A A AFEA =3 AR E A F SRS SHaL, 1) thAE " (Sham), 2)
ZA| G A X XA E DA AF [ TH(CMC+HR), 3) L-tyrosine #] 2] 2178
Y 2 AN DF FEAH(L-Tyr+IR) 5 370 A3 0 &2 Yyl
[199] L-E] 221(100mg/kg)-2 0.5% CMC(carboxymethyl cellulose)l] & &35} T},

L-E] 2 Al ri= zxﬂ%uﬂ CMCE 49 B0t 3% 13] 472 58t o, 4 A
A5 308 T Al Y S FLEt T A P B35 A ) 8l al Muller

atraumatic vascular clampZ- o] g3to] U= AdHA (renal ped1cle) S A A} alo]
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- (Sham)-<
A el st & e s TUstA Al Al A

a%agq
[200]
[201] ) @4 AdoleEld
[202] A & & A2 3,000rpmol A 155 & F 94 H-2] 5o ﬁé%}% 2]l
Jaffe & o] &3to] 5 A olEl & 5433t Jaffe = 510nm I}l A
G A2 E A2 ghgste] S4% S350 60% oA EALS 2 dhE-S
TRA T SAHG FFLE zol & A olE Y & AlLtete] mg/de TG RI=
LHERU AT
[203]
[204] ) F4 AA ¢ T E LTS
[205]  Trizol ¥ 0.8 24 A o) A total RNA S 35319 3L Revert Aid & A A}
A] 2~ Bl (Thermofisher)e A}-83lo] cDNAE 314 5151 TF. iQ SYBR Green Super
mix(Bio-Rad)& A}-8-3}¢] CFX Connect Real-Time PCR A| 2~ &l (Bio-Rad)l] 4|
A4 PCRE ?63;}034 SH-9-2718 77 A= GAPDH= AH&-35HSI T 4l 3o
AL-8-gk S etol 3% 300 7HA 8T
[206] 3%3]
44 e szefolv] A >3) Hawz
IL-1p3 Forward TCGCAGCAGCACATCAACAA |1
GAG
Reverse GGTGCTCATGTCCTCATCCTG |2
GA
IL-6 Forward CCAATTCATCTTGAAATCAC |3
Reverse GGAATGTCCACAAACTGATA |4
NQO-1 Forward ATGACATCACAGGTGAGCTG |5
AAGG
Reverse CTCAAACCAGCCTTTCAGAA |6
TGGC
GAPDH Forward GTGGCAAAGTGGAGATTGTT |7
G
Reverse TTGACTGTGCCGTTGAATTTG (8

[207] @) A" EZ
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[208] N 2 A5 RIPA b8 o A 72 3138l a1 16,000xg, 4°Col A 15% FoF
AR g T S S T3t BCAH & WA g A st qlnt,

[209]

[210]

[211]
[212]

[213]
[214]

A
SDS-PAGE® 717|195 & § PVDF Hl H g Qlell o] FA|7] 3L, 5% EA] - =2
Ex7eitt o]l F YER-E 241 H B-actin 12} A D 4-5-3k= 221 A&
HE-2- A 71 3 ECLY 2 & ChemiDoc XRS+ A| 2~ &l(Bio-Rad)ol| A #2131

ROS(Reactive oxygen species) -=7= RNS(reactive nitrogen species)l] €] gt /;}§}
2Ed 2= A 51 E A T Sl g 5 AR e 8 v H o,
@53} 1Ake] F7h= Al sl E A v S A AEEH T et A
51 R AT 248 EF A 2 ol A FAakE) 24801 NQO-12] -7
e 588 A3 L-E 24 59 NQO-19] FAA Hd & ZA-& vl
Folutol Bls] FSAH 8 Fol st Al T A TH#, p<0.01). M EF =] ool A
ROS/RNS®| &5 IRl o] 3 of 61l o] Z-718t 3 1k, Tyrell o] 3l & A =] o
Atk As @18kt MnSOD$} Cu/Zn SOD ©] 2/ =27} IRl 9] &f
A A J Tyroll &3l 3] 5= 212 gkt A s d 3 Ao
24A| 3t F 412z A of| A nitrotyrosine W A o] shamw-o] H] 3l 57}k o,

ol 2] & %P#LMWMEﬁﬂﬂﬂﬁiﬂ]ﬂ&aﬁQ@ﬂw

YESH, 5 2100 ZHAgE vhel o] Al 33 M EEA D AetEd S
A A3, @4 Aot d S A S E E A ¥ 244 {F F shamt ol B 3
of 5.9u F7Fekl o, o] 2 gk T 7= L- tyros1 elzroq of olaf FAA =
FrolshA A ¥ Ao, A s d 3 XHLPE goll w2 T FHe] 2
7| H o8 ASHh3-& gelety

}

ﬂl

AFOl EZFJI(IL-1b E IL-6)2] F- A A& S Ao A= A58 4
AT 2447 T IL-1b 2 IL-6 - A A} 8-& o] shamol] B] &l 71513 o,
o] el gt F7H= L-tyrosine F-ol ol &8l A4 0.2 F-2of st A S A= o)

¥

=
74 135" C57BL/6 "HF-2~(Zot8hE 259 F57F A A 1A% += 5

AL AN Af-EA =3 AMRE A FH SRS 8L, (1) tHEw(Control),
(2)Carboxymethyl cellulose+azoxymethane *] X| i*(CMC+AOM), (3)
L-E] A +AOM #] X 7+(L-Tyr+AOM) 5 370 A&t o &2 o),
L-E] 221(100mg/kg)-< 0.5% CMC(carboxymethyl cellulose)ol] & &&} 1T},
L-E| 22 = 24 8 CMCE 4 &<t o+ 13] A2 Folstglam, 49 #)
o] 247 T AOM(100mg/kg, 100ml) S &7 © & AL tF AOM <]
= 12X H g E ol Wely] Hete] 0.5% = F 224 E EeelE A A AT

200m0 B 4FASL 4N F ARG S ANA A A Dot
Rk SR
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[215]

[216] (2 8F GEYol &4

[217] Yol ] dF o} o2 Fdub HhALE A 418 24 7] Q1 PocketChem BA
PA-4140(Arkray, Japan)Z A}-&3Fo] 4 3}9514. AALAL o] D NS 200 &
A 2o A 34 Ft §EG A 7] AL 4 7] ol A she] 635nm(LED) 34l A
FHEE 545t 2948 pg/de FHE UrE}LH ALt

[218]

[219] 3) @F ALT 4

[220] LA E =73 o] & %] 3 91 ALT(alanine aminotransferase)% 2 F g & oS
3,000rpmeoll A 15% &<t Y14 22l sl & 3}al ChemiLab GPT o] A]| ©]

7] E(IVD-LAB, Korea) & A}& 8}04 =4 o}oﬂu} KM ¥ =S A W ulet

3B 57 o 340nm FF oA EHEE SAHS ] ARE UL VYR
LU ST

[221]

[222] (4) Western blot

[223] ZF %A & RIPA &g o A A3}k 16,000xg, 4°Coll A 15% FoF
AT g = FF NS el BCAH o= Wbl oF-g A =kstglot
SDS-PAGEZ #7195 %+ 3 PVDF ®l B g ¢lof] o] FA| 7| 3L, 5% %ﬂl‘i—%i
E270sglth o] F YER-E| 22 2 B-actin 12} A R &8t 24 A&
HE-2- A1 71 3 ECLY 2 & ChemiDoc XRS+ A| 2~ 8l(Bio-Rad)ol| A #445} 41 o}

[224] ¢ ol= O}Hl Aabat AAke] F= AR oI, bR Yol E @ 4R AT =

[225]

2A43%=EY T8 gaE0] A XA EAStAL, GEYoLE w55 W HTE
GS¢} SOD, &4 ’\P/\*‘E‘ A A 8= catalase =5 7 22 o] 8| &4 8}H7]
ol 7HS A H 2 gﬂ]ﬂ}b gyl A5 AR Yol v Wsl= M M 5o

=4 ¢ 22 CMC+AOM HLO zwqqz% o ]3] = o) e}

6.79] S7138F5 2| L-tyrosine 5¢] = AOMel 9] 3k &5 ek 2o} &

AR Folsti] Atk F AAA o] 42 AR

ALTS] P5 25 Fulste] 1 5ot Frletne o] arel 248 3

AL Ao AR E o 4= 9)= ;dz%xqo] 2] o)t} AOMe| 2] 3 A
) o

M wdo A dA4+ u} ALTE =43l 21} CMC+AOM x% 2| T

do
et
o

sk
43 ALT 7+ 1119_3 ‘!T/] oHﬂ °4;<ﬂ o}oﬂv} AOM TO% 1671 3F 3 3F
%A ol A nitrotyrosine T A o] th z 2ol vl & Z7}sEel o H, o]
L-tyrosine o] ol 28] & A3} A 7438 o, o] Az} Tyro| hol] &3
Tl Al = o] pitratione A A ELe] (PR FAE AR U OLE A AT ¢ U EE

vk S 7171 | vh(s: 22).
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[226] [ A A 2]

[227] g o] W& dlolH & H+SEM .S 2 YEF ™, Dunnetts Multiple
Comparison TestE ©]-83F A 9 F4F 24 (ANOVA) &= GraphPad X~ & <
5(GraphPad Software) & o] 8¢t 2= FH E t A4 (p<0.05) 22 F A 4] ¥ it
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A9

[ 1] AN HE= A ETA 0 R 5 &7 s ol A&

Al o] Y E & SHnitration) o] 2] g A 31| o

=.

13kel] lofA, A7l g ) gzl o] UE=RS= H =2
218} & A (tyrosine hydroxylase), "&3F 973 %Al = Y] 22 F-E}Fo} A (Mn
Superoxide dismutase), Cu/Zn 773 - A] = v] 2~ F-E}Fo} A (Mn Superoxide
dismutase), 15 -8A| W E} A4 .- (insulin receptor 3 subunit),
o}l 2] IV(annexin IV), =7 84F &4 & 4 (glutamate dehydrogenase),
3-a-OH 2~ H| 2 o] & g4 § 4~(3-a-OH steroid dehydrogenase),
= FEFE] 2 S-A & & A (glutathione S-transferase), 3- 7| =012 CoA
E] &1 0] Z(3-ketoacyl CoA thiolase), 7+ 2} o} Al (catalase), Tau T2,
] EZ = 2]of &34 1(mitochondria complex 1),
ot Al £ 2| 91 (a-synuclein), ©F 3% A @3 -Al(apolipoprotein-Al),
ol 2 o] =_B(amyloid-f) = NMDA <& A (NMDA receptor) Z-°l A
HEng o] shbel WA ) R ale YER el A 5402 shs
A O ] Z2419] U E 2 Shnitration)ol] 2] ¢ A 3ke] oMl = A&
A7 A F 24 &,
Foll ol A, 7] bl W) Bl 241 9] Y E = Sh(nitration)©l] &
2 9--& % (depressive disorder), =+ °ll (anxiety disorder),
(stroke), ¥ 7 Z=(epilepsy), 5 W (glaucoma), &= (diabets),

4+ F+(diabetic retinopathy), 22} (seizure),

[7d - 2]

.

[—
oot

[ 3]

(o3

Qaz

< (hepaticencephalopathy), 214 7| 5% ll (cognitive impairment),
Z} o}l (brain development impairment), $(cancer),

o] ¥ (Alzheimer disease), 74 2174 %2 4F(Acute kidney injury)
o} & F-(Hyperammonemia) = ol A A B of = &}l A2
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