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Selective Neuronal Damage Produced by J -fluoroethylacetate
Intoxication in Rat Brain

Ki Hyeong Lee, M.D., Beom Seok Jeon, M.D., Duk Lyul Na, M.D.
Seong Ho Park, M.D.” and Je G. Chi, M.D.”

Department of Neurology and Pathology , Seoul National University College of Medicine,
Department of Neurology, Boramae City Hospital .

Beta-fluoroethylacetate has been extensively used as the rodenticide in Korea. In some patients
with acute poisoning, #-fluoroethylacetate caused cerebellar dysfunction as a single and
persistent neurologic sequela after a period of an acute neurological disorder which is char-
acterized by mental deterioration, seizures, and respiratory failure. But there has been no report
of pathological findings to explain neurological deficir.

We tried to verify the histologic changes of the central nervous systems in & -fluoro-
ethylacetate poisoned rats. Silver staining(Gallyas) was used to evaluate the histology.

In acute intoxication experiment with LD50(7mg/Kg), 2 -fluoroethylacetate elicited acute onset
of consciousness deterioration, generalized tonic-clonic seizures and large amplitude tremulous
activity involving whole body with full recovery after 24 hours. There was no discernible
pathologic change in CNS in acwely poisoned rats. However, when poisoned with sublethal
dose(Smg/kg) daily for five days, a moderate degree of nerve cell degeneration was found
selectively in dentate nucleus, Purkinje cell layer, vestibulo-cochlear nuclens and striatum. This
change was not seen in hippocampus, cerebral cortex or cerebellar cortex. These findings were
well correlated with the previous reports of selecrive pathology in human 5-FU intoxication cases.

Our preliminary results suggest that 4 -fluoroethylacetare, a kind of cellular metabolism
inhibitor may induce selective neuropathology mainly involving cerebellar outpur pathway in rats,
(Korean J Pathol 1995; 29: 277-285)

Key Words: Beta-fluoroethylacetate, Dentate nucleus, Cerebellar Purkinje cell, Vestibuloco-
chlear nucleus, Selective neuropathology
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Beta-fluorocethylacetate(FEA)+  fluorcacetate2]  ethyl
ester2 4 Kreb's cycle®] aconitases o #llajo] 4] E
ol Z th AF 2] zlell S P2 242 Zeid gle
o' QAF R HeA Aud A g4
g o4 9 AH e AHe| Ik wiglo

4 -fluoroethylacetate 2]  5&8%F=92]  fluoroacetate 2]
AEN ZHE71H6 disted s 2F7hA] g o)
glel ghch. 1947 Banlen$} Baron®® S0
fluoroacetate} 38 71 agl3 X == S|4 A4
EEE AN sgla, 1952 Petes §E ol
HiHao] Mol fluorocitrate s Wl o] A 4
Zo] Agafe] #49 aconitate hydrases 2] #| &}
of Kreb's cyele H 23 zchito g oz A48
T A EW ATPE] okF Fha4|Fckes HE o
ch g H Ao 2] HET|Hel| fefe 19700
Clarke 5'e] fluoroacetate”} 41744 Eell 2] &= #
o) §4514 b ZAES Na' &4 SubAle] o
8 acetaest ZAHo2 Fd 5 mHAEHY vz
H HE elizldiAdAgE dalzles AAFH o
=He da AangRE AR Basia,
Szerb®}l Issekutz’ = fluoroacetate7} 541 A1 A oh5
AHal glutamater} presynaptic terminalel] 4 §-28| 5+
As FAAF A SAT 24F 2% AFTE
ek o 24 synaptic clefi2] glutamateskg S744 Ik
a osigdcl o|dm Feol WE «trl dle] AT
o3t FlHez gl TSNy HdezFHg Lxw
Ade] WA= Aol feted = oAl 427 wlr)
gich EF A ZJiellA 2] FEFSe EFT AL
Wl Zrgo] FA% HEEE AAlHEe Lashes
THolu AAFHelly Sz 2A2] wHe gl e
AP FdEe] Ldsie e FE S -fluoro-
ethylacetate FZof 4= SA Ao g AdzEagl Axj4
Z54E Kol glv HE Ev|sle Aozl &
ek 2ot obA7AE Fslel 4 -fluoroethylace-
tatesd] 2|8k 2l EEalell REPE B4 HeHH
AEZ2A =o] 2lA @2 43|k

olofl & ol SlMgh F-gutde] vl2y vj&d
Hew qrefd gl #HAE Hdes  2-fluoroethy-
lacetatesd] 218} 4 1l olF4 T5& dod 2 4
HAwal s L3E fEgte s Y 3% § -fluorcethy-
lacetate2] HefE AHSAHA7|HE Wsod 22
tharah sk

=z ¥ Uy

LI &

Al 150-200gm  A}e] 2] Sprague-Dawley #] %5
T & Aasto

2 4 H

1) LD502 ZHHE: =% 25 rlelg] 4l 55 o
Ao g el ZHiobel dmgKg, SmgKg, 6mg/Kg,
8mg/Kg, 10mg/Kge] FEAE S7h F4fska 4843
F AFEALE HAAslglcl SPSS-PC+ EAlprogram 2]
probit method & o] -8-&le] LD50E A|4kst &t

2) SEESSAIS AMAMWIEF A LDS0] i
e B%E F3 4840 A wrpd] AEE F
5 digoE ofae} T AMeElagE AM =FHE
5t H &-E(hematoxylin and eosin) o 4jap 2 of 4
(Silver staining, Gallyvas 52| e A)a)ele]
ol gstedl A 23T AFe] AR gt =
AstollA Aeld AgdsF S FY3t Zhat v
sl el HEE Aasisc A= o
HE A, A=a, #iel, &34, £, =] o4 FEE
o2 FA o] HEAH B3E sl

3) OlE4dESAY A A MEY2EE 4AH
o &k AF 150-200me2| FH 8njelE F LR
Lhro] AT LDS0E] 50-75%el sl B
& 5953t A&ste] F Ul £A6ln Y4dE
Bl on, =27 deidsE S48 54
¥ el HHE oldlisf FE W eE =2HE
Melsto] Felsdel

4) EEMZ W EHIDFE: f15]0l sodium pentothal
+ S FAle] v AFIE S-S Adolsied 4
AE =E A §, FAHUE Folo] delHTE
Bo#H% 0.1 M phosphate buffer(pH 7.4)e]] 52l 4%
paraformaldehyde 514 °H& 20855 #HF A& 7
Mg g HE HE3Y JF =" gk (brain slicer,
Zivic-Miller Laboratory)S o] -B&le] M =2, sio}, &
A, Axe] WEEES T4ef Uy FYUE oA
Nef] 3Y o4 EoAH S sbgid

H & E i 4& A|88% Z-Z paraffin blockE THE
¥ Spm FHE AHE vhEo] d4E Algsisln,
g A JEEAE M 10-30% su-
crose-E-ofo]] TiA|H o B Yo] 4T4 FHFA7Fa
OCT compound 2 ¥Eofghf ol & Sofly o|g] o}
74417l isopentanecl] Weol F45YEA13ch HE5EH
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7l(Reichert Frigocu® H73 9= 16pm 7o, o}
£ XL 0um FAY AEDYARE AL F
0.1 M phosphate buffer salineol] ¥.3bs}sc},

5) 2 HM(silver staining); flell4] o2 ===
g olziNe Adz THR Bdry $7)(Zel
3~4cm, meshed bottom)el] #} 2fabed 2 2bd Eals)
o ¥olet

(1) A2k EH|;

(1) Stock solutions

A 9%(wiv) NaOH

B: 16%(w/v) NH,NO;

C: 50%(wiv) AgNO:

D: 1.2%(wjv) NH.NO;

E: 95% ethanol 300m1g} —ﬁ-ﬁ—‘? G00mle]] anhydr-

ous Na2CO3 05g8 59 obf, S755 tio4 1

LE gk54lic).

F: 0.5g2] anhydrous citric acids- 15ml2] 37% for-
malin, 100ml12] 953% ethanol, Z12]3 T00mlg] o =
213 Ao+ Fuldk BHE sirrerd o] B3le] pH7
5.8l 4 61427 Ha#a] {5 FHTE S 1L
7b luafjrhx] & Asbed ot

G D.5%(w/v) acetic acid

8 SHEE A5 E7e Weol agsiae«dl4
ool B sl o).

@ Working solutions(%d 485 4A]ak2] 14 2H3 o)
)

Pretreating solution: A eyl D HeHS
Het

Impregnating solution: A Eolyl B 8-al5] 5] 2]
HEFE 2% 389 100mig Imlell 4 1.2mle] C
£945 Hrlslbgelh

Washmg solution: E &< 100ml =+ Iml2] D &<l
=+ Hgid.

Developing solution: F 58 100ml Iml2] D &)
= Az

ko

(2) HMH
A 2H ARG ZFel Wb sE4 33wl
of A& s}51, pretreating solutionS- 55-% 23] =

o rHERleh ANNESE wrslste] AE &
FAHl 4 impregnating solutionel] 15559t b7
i! washing solution® 3% Zhels4] F 5ETql 43z
ok developing solutionol] 15-0)4t gl g =3
HAH & developing solution= ZHE] #o] 0.05%
{wfv) chromium potassium sulfate®} 0.5% (w/v) gelatin
o7 #@%tE acid-cleaned 52 Selo]=of ZoiEgt
t}, =2 A Ho] nf= 0.5%(wv) acetic acidel]l Z} 10
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¥ 3% ¥l grbEE SR AEska 3
gEv|stelA] FHE ste] oS3 P2 LHe| T
sy HIEEH“éﬂI e ez sl S o3
=, MEZZHel £ Fgle] HEe] Kol Al Es,
A E Ao ::'-iiﬂiﬂ._f’—_ FEstA o o] EHeo] A4F
9l AlEAe] Fhts]x] gk FHolw ok, S92 M=
Fol B AxMHen vy z2 7algldle]
Al 2] #}9 }.

= af
1. LD502| A

Probit analysis3 o] #&led &b 2 -fluoroethylacet-
ate2] LDS0E 7.0mg/KeB.Woe)9ch95% condfidence
limit: 5.6~10.4mg/Kg).

2. LD50(=Tmg/Kg BWHE S FAEE U
EfLl= BF 9] YuE HE

5 vlele] HFHEFT 8 Aol 3 w}ﬂﬂ At
A3 2 vielrh AEdbelch A HE BSR4
AlZhdell 15elld 338 HAUAdAHE Yeogon
Aelg] o Hgolls A7 (tonic phase)7} 102
ol 4 302 Hx glebrt 74 7 7 (clonic phase) 5
o|#fslglar ZulE postictal stage® Folrbe Aol
e el Aol Hug A5 79 A5
o uﬂ—?— dRls] Relevt & FHele] 4 9%
A EFASE A EHeldd s du A4
*‘L%& selch 24 Akl AupA AEG FHE
A oluldt FF35 ke A gkl

I 2dESFAY e EE +A

LDS0(=Tmg/Kg BWinE 7] Fsln 4847
F AET A 4 vlelE Biagste] H & E 47
+ S Adlste] FeEn| A slel 4 At Az
taTet vl o dixsd, gz, el &
A, &£ Sellde 54U HkE Sty 5 gladch

4. O HUEFAI2 QUMM

4 vlals] g =56 LD502] 0% sfickali= A
% IKg o Smg2] FEAS 5 o459 A A7k
bl FARE R, d=de 32 2] g
& T8t 59U AYde] FEE dEFel
ate] roll =HA| WEdbHe] Felgdn F57549
el A2 FEFHYE HeolA ggtm, AAAY 2%
olv FEHESFEFE FHEA fHHA gstond
Aol MSEw AHE FAEE FHel s
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Fig. 1. Dentate nuclens neurons. Silver staining( =< 2400}, (a) Healthy looking dentate nuclans nearons inoa conlml poamal,
(hl. Mildly aftected dentate nucleus neurons inoa freated animal showing iracyioplasmic silver granules(armow) with
darkly clumped nuclei. () Sevenely affected dentste noclons newroms g treated  amimal showing  diffuse silver
precepitales with cell shrimkags,

Fig. 2. Vestibulo-cochlear nocleus, Silver staiming. (1) Healthy looking vestibular nucleus neurons in a control animal.
L1000} (b) Mildly affected seperior vestibular nucleus neurons in a treatod apimal showing intracywoplasmaic silver
precipitates] < 2000 with deformed cell morphology (amow).

Fig. 3. Siriatal neoroms. Silver stginingel <2000 (1) dormal sidaiom inoa conteol animal. (h) Severely alTected stoatal
neuroms N oa freatcd amimal,

Fig. 4. Scancred depencrating dentate noclous neurons in & reated animul, H & B staining( < 2000, Mote the pyknotic
nuclel and basophilic cytoplasms with deformed cell morpholosy (armows),

o] 9lgich, Aahgct 49T BRE & slMEHAA oy
5 OIBAMSSAIS HaAyH Az H4, vl 52 Sl AHAE g 44

of Ay =] gEotan) AN el 2] Abe(dentate nuel-

FE A3 FIHA 6 wn ¢ AETe = ew)iFig. 1A, B O FA-A A (vestibulo-cochlear
72 A8 2% dfaFaa FFE Adbd b nucleus)(Fig. 20 A, B) 9 9 &2l (suiatum(Fig. 3pedl 4]
H & B ot £ g slo] fadv|stela] 3 viohih Fes) A7F4E g 2ol gbeglst £
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Fig. 5. A lew degeneruting vestibular nuelens neuronsiarrows) in a treated animal, H & B stainingg = 200},
Fig. 6. Palchy degeneratmg Purkinje cells in a eated animal. H & E staining( » 2000, Note the eosinophilic Ei."rﬂp'lﬂgm

and shrinkage of Purkinje cells.

¥ e =Fdh 2 A RFPurkinge cell layerysi 4z
FrHes Hdel shateadc}, e FRlE Sl
I wAIFEe] 42 & 4 dldded dadelsds
Sl U R - S e B 5 L

2] HETE H & FE gallol s 2 A2y
Fl&at 2] mledde] vehis 59 A7 H4
azide] s A P(Fig. 4), ¥ae] FAH-A RS
{Fip. 5), ZTajxn A¥23 =EHH404 4 E-EFip 6
Al TE;E ot el o3l Haks o

Eh=] etk

i &
£ :|'1~'| AEETFAAANR L3 A fuoroethy-
lacetate = FF| o] Folate] F4 gl ol F4554 W

Hali= dabekate] gl FEA oA SARA S
goldy o ARdel gy £ #Helzlaar sl
vhoo 7 deku] o FE Wb SRt A% Fell4
axe] dYaad, =gt A Eel das ol 4
A e fabslol s Gl o|xad A, ol
WGl A Saldh HEE e e gledch
Chenoweth(1951)'"S  fluoroacetare2] SF4-2<4] o}
Ehte oldakte] ol wel obE TS Folaed,
ol AA 4 Tz Eisis, cre wmay A
2 s AHER o HEgFe AF3AIS4AT w3
AlFde] FoF FAE 1}E+1H‘= =93l ol &%
o} alEe), o E=AEL fluoraceale} A R-7)
Aol wAbEeta _*E?Lch_— «Hlii% & B TR
dekd TE"ol} cyanide FHe|HT £ G s

Moz £ DS B Yaldd el 3
FulellH g -fluorethylacetateell 2] & 7 wWe] olygjf
SrllellA FY A7 Ak F O FgZow iy
g Rk A ¥lohs Bwrt gl A =2 o]
S HL;J]E]q-lL-l —.r.nar _z:i_a. n]—H ='-=_'v-,a:] ib:l')é
£54E Yeds FEREE phenytoin”, 2EF
Ara-C", 5-FU", Sodium azide" So| otef{Ad ale} o
=% uzide+= cwiochrome oxidase 1A= 24 Auorca-
cetatedt §-AlEbA AE EF o aldle s, o
ARkt cvanide®] 2ol TR AT 9lee] §
gl A ""ﬂ'lﬁmﬂfﬁslz T bR e
A4 Fmalekde] dps] 2ES Meo|m Mzle s
T o d=AE vES A Gl ok
Ho| zhabelgicln ghah 39 Menlerd) Sax's 3
EJ:{H'“H’rmg.l'KgJ 2] azide’S Rhesus monkeyol] Solale]
a7l 2 A e eh Arle] rdaluly 3EFH
ol AHA 3715 L0l Vel A o
F=FY AR EFPukine coll layerpelL} AxT]3
A A Al Sl e Al g SFUE 23|
FUE v EW o] opAEaln] glala)Fel] aH Y
sl Al 2oz dhd x| R Al LAl Kocnig?} Patel“of] whi=
H,oel BER ALl SA5F 2904 24 e
S gsdel W £¥, 447159 48 T 7
AAlA APt ubAlshe, Sokd Eashy el #l =
dol HEECL shHx FHFEA 23 el
A gdnas ae g 3Ly 94, 2
PlA dix] T RaEe] aAle] dhMEivha shelc)
ol £ ol2lit Wlsvl STU Abale] ARE4 Ndhs

2 tHAbaEel fyoroacetatesl] =)&) SabEl Ho g
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Azl o S R4 5-FUS] 5o 4] fluoroacetate
FE5A walsbe Ank el aule] citrater} st
© AL AAsiedck ab2bA fluorcacetate 2] F54
a¥7)5g el4e] Uepd 2o A dSF
g 7 U Adeld

B 4d9geld= LD50e #igsts £39 MFE
Tmg2] A -fluoroethylacetate s  S7hl S Sl
M FEelgl FAHA 284 £5 2 FHARF
g A4REE Ho F9] F5 4% B AAE
2le] ety Pl FEHo R QA FSele 4
Aveled] 4HE oldlpled =58 F ¢ dE
Zeolgte A7Egg.

2 Ayellde wHAE 417 M E(degenerating neu-
ronyg S0 w23 FHEslA @] S 59
BiE 2 vhre] & 949 H & EgYE 549
ALsgcd, 2942 23U 445 o &
aho] 2 #H#Heo| degenerating presynaptic nerve  ter-
minal€] osmiophilic lysosomesl] HFH ez HxbE =
A o|fulcdl, vy L=|de] & Aoz &
2} 4 Gallyas 5°2] whil-2 A-8sigich of uhile
HE A4 Age fAglw fA ko] olF
e 4 qla v SelHel de] JLHHglial fibrils),
A, A EYelqt FEkE ], w7 ] P de] o
ohH R HAHFHEE & 38 5 ide Hel
. & {493t H & E 945 v]a23g & o, 294
o] H4 Fede] B2 AWE ¢ T sldlen S
(specificity)F Uast7] flete] o|v] 2hds] Hel7|
Ao}t wiwe] #x7F ghs] 3 6-OH-DOPAE %13 2
7| # #lof| stereotactic injection&lo] o) atebel Suf F-4F
g A7e] B84 A7 YA BAEE AF HY
& wp gl

2 -fluoroethylacetate 2] LDS50e| &l ghetss Sakal]
IKg & Tmg)e % FA45190-5 el ofudl
= vpebuba] sk, AESRAHF 1Kg o Smg)
5 Azt Al FAE Follds AR A A 2] x4
o HAAYE, el dzae] d9F A7AHHAY
= #Held = glelch oA 7 -fluorcethylacetate 7}
FE o] 9lEE AlAlwbe Aeg4] o] obEel
Kreb's cycle2] aconitases 7l #H oz zlghsl—= o]
ol it HAg v|FtgHor Hide] HEF Ha
7 AsDdnA Aea ohe Fa% 4
gheba ahalel,

2oalgeld 485 F-fluorcethylacetate % 4HE
§haz, cyanide®} S5 chER|E 7EHo R =
AFA AEZEZF AAAZA, oo == o=
B2y olglel = MPTP(l-methyl-4-phenyl-1,2,3,6-tetrahy-

dropyridine)- 1] -E8led, AOAA(aminooxyacetic acid),
3-NP(3-nitropropionic acid) 58 § + gleb o 2=
T2 5582 R A F5A4 49 AGEHe
hebbe Zlew skl SulelA] 58] el
whaflali= glabdbebanl cyanide F59 S HdH
o7 7|Mua dxwWie] NAr 2= Ao 4
Aeli, Beal 72 INPE L2ko @ | AYZ N
of Fapsle] HeE ¢l HzaAe] WHE Helge
W EAHez HzAg Auhs A5 HE
7 glgchka gtk @ Beal 52 AOAAT A=A
el =8 FAstel HYEWel WelaAn FA
Al, F7+2719] spiny newronel|gF  <d &S v m
NADPH-diaphorase containing large neuronci]+= ¥ 3}7}
alebes s dFehsdch 99 sy Fa8
EEEUE ghe=d] ao|3 gE MPTPE] 7] §-ol=
At Abgel FojsleE wf sSlesye] 4
Yeovla ddxer =HH Eaql HgHE2] H
A Yol Aoz 93A e
" Fluoroacetate S v E3 ofe] A HEEF o
A A Sl Bl ch2AgE vz dFHeq 4
7 wie] whaAllsle Al ofd e B 7hde] A
715l glck 15 d)EA Ao Albind} Gree-
namym'u, Beal'o] aAlala 9= ‘secondary excito-
toxicity’ 2] = & 7 Glodl, e w2m, Abg
Hule] ez gzt sy, 43 es 41734
Frb 2 AHEASE A g gESE S
cha] Al E=%] 7] § &4 ligand-gated calcium channel
o| ubFiqhelEA Mg2" apghell ojdled ol ==
ol, olF"ela Hast so]AA4HATP F1E 4
W57 TR 84 A&R0z P F2o} Ao
Al =at o Ha MEV A4 fobs Ae|oh
AAMEE L8l el g4, 2574
ofu| i dte] ASHE, F44 olvied sEA9 F
F7F b2, gy dhddul free radical scavenger]
T Ert o2y aifel Al dwle] WA
Aoleb  Zastaleh oleld Fge A=
AOAA™, 3-NPU2] 2 H & Fd A4 o g
AR5 A5 oleledl A5E wel e H=aA
o Wulo] 9, 1ol 4E, 54 NMDA(N-Methyl-
D-Aspariate) =837} w2 Aex 4|2 medium
sized spiny neuronoigF o]z]gF wiAde] 20| NMDA
T8 FgA2] dFe MK-8018 o] FeoisielE
w o] FoltE: AEF FUCh

g MPTPE 454 chrtelql AAHdGE3
el 23 FrEe] ddHez crtepglyg 4
AYE e Aoz ddd dded. eldHE
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MEK-8012]1} CPPS} 72 NMDA =83 =&z
%42 =apul AFMES] HAE wHE ¢ gz
shgl e},

Fluoroacetate 55 4] £¥9} 7] 4] Aeze) A
4 el F|Hed sl d e ol A FAsA uhs
A wb7h glel. Barlet®} Barron®™2 19470l # 2o
2 of ofFe] acetate7} Tredsli= Y eiul-oo| Ay
A YAz 8% Aelele AAHE WEskw
Peters”™ = 19574 fluoroacetate7} Aol 4] o) Abs]ed
A fluorocitrate?} A g e ZH Kreb's cycle?| aco-
nitase enzymes HAH oG o Hslo] o7 o4
Asgs Fabstgeh. ¥l F fluoroaceiate S £9) 4]
o] ubdalE Al H|Eo| o]He] F3417 Ao
FEFE vl 2 EAN, fuorocitrate 2] o
A7t S A A o] FolA) =R Fe chE a4
A7t Heo] & o|Felealed il #dslA
okgtch. olof] tlel4] Clark £’ tricarboxylic acid
cyclee] memabolic intermediate7} L4 “large pooled
energy cycle’®} H|323 intermediater} & ‘small
pooled synthetic cycle’ 2 ¥ o] o]z, flusros-
cetates= “synthetic cycle'ellft ZEsle] x| 4Auye)
HAHY 2] el Hedds o)) g,
glutamate®} glutamine®} 7+2 ojo|i4he] §F41.2- =)
&A1 7], glutamateol] 4 glutamine 2.2 2] 3 $+A] ATP
7t el AnlE =2 gluamines] W€ tho] 3}4%c}
B 7HE A4eieic. 2% o]@]sl ‘small pooled
synthetic cycle’2] F#o] ¥4 E(glial cell)ol] =zl
sle], fluoroacetates} acctate® WY o g fulels
Na'-K -dependent carrier7} ¥ 24| %o seen =
A Aol ¥k A o Tricarboxylic acid cycles)
THAAE AEddy wylem  mAEue
glutamine synthetase™ 2} glutamate dehydrogenase™ 7}
vl fhe] Ealdtche Eaef] olajd iz sjelw]m
ek R SzerbS} Issekuiz''= 3172 o #u}d
Hell 4 fluorcacetate & 593} Sull glutamine2] 4]
F FEe MEs] felvl 23 gluamates] ] E 2
FE7F k7 Fokehd, ef7lel HAHAl AFE 7}
P4 glutamine& 37l gluamae?] =57 =2
Al Foju=glE #Heltto 24 fluoroacetateo]] 2]3l
o He|How FAES] 4t «asln o ot
HAA=F22 presynaptic terminalell 4] F2]% gluta-
mate7} M Eol] ol FesA Filong Ad
A5l FH G 74 L glZebedch weby
fluoroacetateZ-5 Aol = H2| 32 S = 54
o] = 4hglutamate, aspartate)e] FhelEFHE o E gly-
tamate &7} ghe] FEsla G4 EEAoln

S iAol 4 3 -fluorcethylacetateol] o2t He)H HAAE £4 283

legte] @eke] FE M ES7) £ S28o) o)
HoAA Edgoeele 32 % 5 g3l Ag
o) A7AAlE guamate F§M] YEA NMDA
(N-methyl-D-aspartic  acid)y=r2-27} 4=, o=,
cuneate nucleus, ©]-gd#, 2]&ES-4a(lateral geniculate
body), sHuol, & 2}4174 %icochlear nucleus), 7)o ]
o] Aolfactory corte. )3} Aol vho] Eaa}l How
4elA led, B Ags] fatel 5FU 54 W
Hol FEE d=A, 244, APAPEI v zH
2 e A4Y zeln Agagaade) Sedwol
2 A HAHDAlL] o]de] AA dbafal
mitochondrial ~ encephalomyopathy2] 2 &¢] MERRF
tMyclonic Epilepsy with Ragged Red Fibers)3 372
T8 WeliHe] 4£¥ A4dn Zejudel HE o
el ¥, ole¥ 23 w23 4=z g
£ Fez Helok 4 fluorcacetate F54 A=
Hdog vwujglol jlAHog Hgale] H3ozH
HEF7 ol A7wde] gt hde E
3 SR FefA AF AWEE &olrl e o
FE A gddktte HE B2d vlsAle] Held A
o8 Aok e folly 7ed viel o]
T4 elviite] X7l e Y95 TdAE A9
dEgE A e BT gla Agee sRa 4
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