Plastic Changes in Projection from Locus
Coeruleus to Lateral Geniculate Nucleus
Following Neonatal 6-Hydroxydopamine
Treatment
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5w MEAEAFER 6-hydroxydopamine #4512 & % FHE%
— SMENES R AR P BT o w] BR R 2R L

SRR AR T CRAE LI AR ZANEAR)
" O &K EK
CERe 145 H31H0 %Z4)

WAEFHS y McHFa— AT v oa—urOMEEMWE CH % 6-hydroxydopamine
(6-OHDA) ##54 2 &, KREE®D /L7 F v+ ) >~ (noradrenaline, NA) fEBIMARIER R X £ &
n, ST NA FEMEGE I L 28RBS E 25 2 &4, EIENAECREENFEEAVT
HomizahTwad., 20 kid, F4EFH 660HDA LB X - T, MEICH 2 FHH (locus
coeruleus, LC) B3k NA {EEIMEARMEL LC » B MO BRSO TEM L, RIEINEN O R EERAL
NRHENRFET I EERLTL S, EROFECB VT, SMUBREEHER (dorsal part of lateral
geniculate nucleus, dALGN) 2 817 3 NA {EEH= 2 — o > #&#H~0D 6-OHDA &5 0OBE T 55
Bip—ELTWwaW., LiMR>T, SEORETIE, LGN 25173 NA {FEiEEEO L, HIFELH
SEMCTEIEREMNE LY. £ 6MMUADS v biz 6-OHDA %2 ETESHL, &% 6 E» 52608
AL L BRAEYN AR LA EREB 2o . BEREIC L D, 6.0HDA LESYT
W, KMEEOS 72—V 7 3 UEEIIEL A YHEEL, ALGN TEA T I — A7 3 Y REOTEEHH
MLTWBZ L 2HE L. YV YRRETTCLC = a— o v OBE—FHEN Mg/l , AiEK
E (frontal cortex, FC), & K& (visual cortex, VC) ¥ £ ' dLGN 2 BEAFML THITHEKREDOE
EAEE L. LC 5o SR~ ORFNEL TR T 22010, SWAORBIC & 0 BATHERELSH
Fans LC = 2—orOHDEE (REHESR) 2R/, 6:0HDA LEHHW T, FC & VC O&H
HERITEIHCEA L, ALGN OREHEEIIA S 2 2L 72 MBHEOHS0%D LC =2 —a¥ T
12, dALGN ## & 2 WITHHREOEREH 50msec Bl ETH-7z. ZhicxfL T, 6-OHDA LB S
Dzma—0>THTRT 50msec UTFTCh-7. LC = 2 —a Y BWROGEEE L 6-OHDA LEFT
SHEEE L B L T o T/ HITHRBEOMBELREL &R, 6-OHDA LEE) DO dLGN i
B3 LC Za— o MR ROBEWABES ERL Twa Zeamanl. ThoDER»S, &
%1z 6-OHDA ##5ank8®mTix, LC » 5 dLGN s 2@#i:, ROZED OKATH
£ BETLILAEZOND. 1) RKNEEASRHET2 LC =a—-0>r Tk, EUOREBUTHS
KIMEE I B 2R REMIFIEEL, EMD dLGN NZEHERESHET S . 2 ) dLGN ~#&5 L T
VWE LC Z2—0rTh, EVIREREEY L 2RBMEIEMEL, 2hcEb > THIERAKIEM, 58K
BRIENEET S .

Key words locus coeruleus, 6-hydroxydopamine, plasticity, sprouting,
lateral geniculate nucleus

Abbreviations : DBH, dopamine- 8 -hydroxylase ; dLGN, dorsal part of lateral geniculate
nucleus ; DMSO, dimetyl sulfoxide; DNB, dorsal noradrenergic bundle; FC, frontal
cortex ; GA, glyoxylic acid ; HIP, hippocampus ; LC, locus coeruleus ; MES5, mescencepha-




6-OHDA 2 & 2 FWH = 2 — 0 ¥ O BREL 705

J N7 B Vv 7Y ¥ (noradrenaline, NA) {E &%
za—ury T, PEMEROFTHEFCKELT
ABEICELT 2RV L REEHOMT
2 DEESIHMZE L V>, Jonsson 52 & Sachs 53, ¥
EFEC AT I—AT Sv=a—urOMEEMET
5% 6-hydroxydopamine (6-OHDA) 2#&5¢ 5 &,
REEZICB W TAMEEONEN NA #BE e [H]
NA OEDRAHMHD L, BEBTEEBMT 2 2
rRBESMIZLT:. ZORBEITWEMNR LRENTE
n, NA M= 2 — o > OHMfaE S, & B/ O FHER
T NA {FEMERRIER RO ER LI5S, TORAT
HERBHEDSEAE Y TIRMEOREBI R T 228, #
ST AL O BRSO TR AEBNCARIBREN B 25 2
rRmRL T3,

NA fEBME= 2 — o > 5 O PRIERALIC B 72 2 K
7o 6-OHDA %512 & 5 NA B8 = = — o v &
ADEER, £EEFNAETRAASA TS, FR
B—EL Twiwn? Gustafson & Moore™ it K —%
2 v-f - kBB % (dopamine-8 -hydroxylase,
DBH) izxt¥ 2 ik 2 ALk B bBEHRIC LT, §
EF#7 v b iz 6-OHDA 2% 5L BEORKICSH
i3 NA {EEHERERRORENE L ERET L. £
DR, HERD NA FEIMEMERKIE, BB 7 v b T
HopTHMmL Tl &7z, BERAMEEOHT
b, FEEMICB VT E L IT NA EEERIEEIRRD %
WHAEIERRZ ISR (dorsal part of lateral genicul-
ate nucleus, dLGN) T3, BREIRHOBREH X » BHK
Thotz.

KIMEE® dLGN @ NA {FEIERIERRE,
25 5 FHA (locus coeruleus, LC) ICHEEL T3 2
ERbIno T3, SEHOHRRETIE, HAEFH
6-OHDA #512X 2 LC =2—o>OKRMEE &
dLGN NOEHOE{LEMET 5 I L 2B E L.
QDI 2 THE—, BBEXETINS DA
B} 5 NA (EEIEREOREOE(L 2 HERL /2. Wi
BRAEBEN A KL ->T, LC = a—o >0 &I
OBRHFEOE EEEMICRETL /. HERC, ¥/
KREFELL LC = a—0 Y OMRPERROBEREE Y
KRR s Iz L 7.

MHRE L UFHE
1. 6-OHDA %5
Spraque-Dawley J v b QUi = REI & &, BA X

TWESTHIREZER L. BAATTRFNADS
n7:H% E (embryonic day) 1 L72. HEH I
E22 7213 E23 Th-o71:. £BR 6 EHUANOFAEF
Z v M2, 6-OHDA (SIGMA, St. Louis, US.A)
100mg/kg (0.9% NaCl, 0.1%7 A 21 U BER
0.1ml $Ic¥EME) % 1 BIE THESL 72 (6-OHDA 4LE
). NEEOFAFSy bz, FTHEREZB I 2D
kol 7y MRERKAOETELL, MRl —
JIoE2~IET o AN, 128 L BHBEOIE
THEL:. B KIERICERTESZ LS 1ZL
7o, B 6 E» S H6EDERDZ Y bE, LTO
EERICHEWR. NA ffgit= 2 —n>iexd 3
6-OHDA OFBRIIIMHETEEMNZ L I ENHA SN
TW3OTY, DTOERTRBEEORANZ AWV,

II. #sENE

6-OHDA JLEFES5 VT, SEEESEIC>2WT, 7V %
*HILER (glyoxilic acid, GA)-Y A F L AN T » ¥ &
F (dimetylsulfoxide, DMSO) &% T, FEREERN
= NA {EEIERER RO BRSO ELERF L. 2~
7% —) 100mg/kg BMREPIESHC TEEME: &ML
Sy bDETFTREIRD S®WH (2~4°C) L7
GA-DMSO #&# (0.5% GA, 2% DMSO, 10% =
¥, 0.1MVY »EEER, pH7.0) 400ml %25~3053
UCHERLL. Bk, MEre0oRL, AMEXRE
(frontal cortex, FC), dLGN % & &5 % §iZHE T
YL, F947A4AATHEBLE. 2L ZhOEERL
57VFRSy b EAVTES 16um ORIEREY
ElEol. BRLEAIA RN 7RO LcyIF 231
RLOETEFSE, ERKRLFAL GA-DMSO ##
1lsMELL. 2ok, BEATH I SHEZRS ¢,
WA 00CT S BV, A+ Ty
LATEHLTAIN— TR ENT, BXBEMHE
(BH-2, 7V v/ SANFTE, RR)CL2BERXB
otz

. BRAEEENHE

6-OHDA MEFESIL, WEFEILEEV. VL ¥
v 1.3g/kg BRENESHZ T v MICHEEEZHEL , I
MEIZES (SR-5, ERIFESRME, ) wEELL. £
B, DENMIEBEOE=Z S —52BI%y, £—
F—IZ XD EBEITE 1°Clzied LD IHEL 72,

1. #I

FEERRICIE, LA T vV RAF—LER
(E#%0.2mm) 2 X £ EE L, Rif%0.5mm BH L1z

lic trigeminal nucleus; MFB, medial forebrain bundle; NA, noradrenaline; 6-OHDA,
6-hydroxydopamine ; PSB, pontamine sky blue; VC, visual cortex
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bR, FIEMESTEE NA MR (dorsal
noradrenergic bundle, DNB), FC, ¥ &K H (visual
cortex, VC) 8 & Uf dLGN WZHE 2A AT . BELOE
R LI T 0@ TH 5. DNB /NRF» &l
AQ.2mm, FHE~0.8mm, MEBE» H>OEWS5.7~
5.8mm, FC I3 K&EFI5 S Hi~ 3.0mm, SHEI~ 1.5
mm, ZE# 1.2mm, VC {Z/NR» & 4HEI~ 3.0mm,

#%0.8mm, dLGN IZKHEM» 5% 5~ 3.8mm, 5
B~ 3.5mm, ¥EX 4.2~4.3mm & L7z, flgd,

DNB 3L T 2% 5 HE ST IE T~ TR
0.5msec, JE 0.1~5.0mA OEBE & L/, DNB
O E LTk, $5% lmsec, 5.0mA DOERE * A
Wiz, HIEHEERTART 1Hz L7

2. FCEk

EBBITIT, RN 1 ~2emiZBDd LN
5 AEWNE Ry M, 2BKRYI I LANAT V-
(pontamine sky blue, PSB) ## (0.5M Eeig+ » Y
v LEETICIERE) 2L b0 AV LC DEN
BAEEAE 1L/ NRF9 D & % 5~ 3.5mm, SHill~1.2mm &
L 7. ERSREEE £EIAAN1IS~20 T CTRIA L 72,

1) LC 0L ORE

ek LC DI ORE R, FE DNB RB &
LERELBMNCI-TBI b, LyrL, H
fl DNB ~RIMEHE AT B Z L0k oT, —HD
BiTssEasI s L A A EEMES H Y, DNB & D &
51z FROKERRIAD LC = = —u > D5 2 EE1L
THHE, TOHETREEEOEE S TIER I
5. LEkdio<CSEO LC EBEMEIORER, SR
DNB ###3 2 2tk >THE RSN B BRIEO %
FANRA 7L > TBIR-lz. EEZ Y bEBLT
FC #lliz & 2 %5 R84 213, BBFZ » b 2 & BB
Sy b TEOREBRACLRDAINTLEDT,
LC ORIZEERTH D ", SEIOEE T b ITHEE
Sy b LC ERMHLOBEICHW L. /o FC,
dLGN, VC #IlB- L - THERENDI LR AN 7 &
R s 6-OHDA BB THZE LUEBEL .

LC —a—u>pH—iEE®EAME, DNB RI#Ic &
BHFAIA 2 ICE R o THITHEE gy F 7 A%
TEREsN. 21, ThETHEENTWVWS XD
2, LC ma—u o HRKEEEREER®REAT
ArrizkoT—@tc ERLZOBBL LY. &
BEZEVT—ROTFEBOHAIL - T, A
IC ma—uarpEETErEidiklL . DNB ©
HB D HERME L, oS OREE £ U LC »
5 DRI T RTEMMTERL:.

EER TR, THESICN L TEKEERIsAL L

K

TESKEH 0 A OEHRERE 3 SMKH) «
PSB »EsEmanw Fi &€ 7 (M1A). LGN Dl
EAEIC0.4mA OEFREFRE 1~ 3R L, dLGN
ORIEERA £ BE L, BICHBFINC Z DOEM 2R%E
Uiz (F1B). v b D EFTKER®» S, /SR 47
NFER—Z NI VT AT RER (4 %5750
AFNVFER, 25% 7 Vg —VT7LTE R, 0.1MY
CESEEE) THEWL, MERDELE. EL50um
DEEMEIE 2ED, 7V =44y kT
U7z, fEssEryic LC ORI dLGN DORIBkE
GERETERI Y VT, EBRERZMFLR.

2) LC »& FC, VC, dLGN ~D #5188

LC =a—uvy R —EHEMELRTERLS
¥, FC, VC, dLGN O&Fr#BIRML , =2—n
UOSWITHIRE R R T L > hERER L. BITHER
BOHELEIROBOTHS. 1) BES—ETh
22k, 2) BEEMNB (2200Hz) KIBETB L,
3) BEREMEMBM L EHRELUTHEKLT S (collision
test) Z &9,

1 {@E50~53ED LC = a2 —o>ix2& FC, VC
dLGN » 5 O#{THEREOEEEZREL . LC »H
BIERNI AR EEAT 2 - 0 R EEERD
72 g B RIBERGD I T A R ATHERGE, 1 ER
BLTHEGEIN LC =a—a OB E100 LR
BEI, FOHRTEORFEIALI 5 MITERESHE
ant LC =a—u v EEHL.

3) MITHREORIE £ &R

LC = z—u v HTERESRR S ALES,
100% DMITHRE * BF T 2 B/ O RIBHRE FE)
L QMITHRBOREY, &EKICO S 3ETOR
F 7. 6-OHDA BT, YOEMIBHTYH
VC A T222—-0r 22RO >kDT,
VC # & QMATEREORMIE & BRI 2 S8
bl ot £1, 6-:OHDA LERTRE FC ~§&
W sZa—oridsdied, 4EEEDC=2-
OO0 TOHMIE L BEORESTETH RO
T, BEMED = 2 — 0 ICB T ARIEETHES
oz,

WITHREBORME L B2 HlE L= 2 -0 KD
W, FIMREEBE LD AKE L TR REEIE,
B U~ I UHOMRT LEH DR
LR 2 HER (TR REE) 2R IL
BB DI, IOBET L, MTHERETHS Z LR
L, wIEEAEL:.

4) BWREERE

6-OHDA ALERE5 T, @RS ILIc D&, 2) OF
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BTHEALEbOEREZ2 7y P THERBI - BZroTHRENIERHA N 7 2EELELTH T
. ZOERTIE, LC ORI & F{flo DNB, FC, % -7:. DNB Bliic &L 2T HERENA SN S
dLGN WHIBEB 2RI AEE L 72, LC OREFHALO Za-—0viZDE, FOWEETHELL. R, %
A, FE DNB B & 2 BRESGEM & FCH D= a2-—nrh LGN ORI THITHERE 2R 7T o

Fig. 1.

pontamine sky blue (arrow) (A) and the stimulating site in dLGN (B). These
were obtained from a 6-OHDA treated animal. The bar in B indicates 0.5mm.
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r3pbRERLL. BEE4~6EDO LC=a—1 Y
COWTEREIE LK, BBRHL L LC
Za2—orOEMT PSB 2 BXKEMICEALL.
DNB ORI EBEHICERB L7z, LC OELHR
MOBBFHREE L AEOFETHEEEL 2O
b, 100pm BuHETH 2ERLE» S, LC &
DNB Rt £#@EL?-. §=a2—v>® DNB »5
DW= = DfEEo LC-DNB HE#ES» >, #HL O
LC =2a—u > DEERELHHL .

V. ¥EHEMRE E

BAR IR T R E L BERETR L. NREL
6-OHDA 4LERED FHED 2= DM E 1213 Student’s
t-test 2RV, D EDORE 1T Wilcoxon’s test
for ranked categories W7z, L ZERIC L 2%
BOFEERE CE, ZTEREBESBS R Scheffe ©
LEEEAVE. p<0.062FEL L.

B &

1. KK E: dLGN To&LEBMRECD T

1t

INETRHESNTLED LI, NEHS v+
OABEE T, Wpna) 3y T 4 — 24 HEE
M A IR TE I b o TEEHEIICED , MEmL
¢ TIRINFEICFEITICE > Twiz (X2A). 6-OHDA
WBHTIE, RRLSEEHCBW TREOH LS
Mgz Bohnnd, H50IEITLARLEY
sNB T ERd»ol: (M2B).

WO dLGN T, KINEETBREsh o)
FEEOHD» LAY 3 T 4 — 2R OENXBERES A
sz (2C). 6-OHDA BB T, S5IED I 3T
@ dLGN TH & 72 BB IERHE O B E O BinsH
» 577z (E2D). dLGN o817 3 8BS RigEns

Fig.2. Fluorescence photomicrographs of catecholamine fibers in FC (A, B) and dLGN (C, D). A,
C: control. B, D:6-OHDA treated. Note that despite the presence of fluorescence-positive fibers in
the FC (A) and the hippocampus (C) of control animal, no fluorescent catecholamine fibers were
observed in those brain sites of 6:OHDA treated animal (B, D). The density of fluorescence-positive
fibers in dALGN was distinctly higher in 6-OHDA treated than in control animal. The fluorescent
fibers in 6-OHDA treated animal had fine varicosities and were traceable for long distance as
compared to those in control animal. The white arrows in C and D indicate the hippocampus. The

white bar in D indicates 100z m.




6-OHDA 2k 2 HHiE = 2 — o v HE O AT BHIZEL 709

oA IcBL Tid, 6-OHDA MLER & n iR T
ErEREARD SN ok, NYIAVT 4 —OK
zxi3, 6-OHDA BB TID NS H—TH2 &
31827 (H2D). 6-OHDA ABHOMD 2 E T’
dLGN O#EBHRECEE IR TEN
BErENHLLIICERR AR, LML,
6OHDA MBEETIE, NV ISP T 4 —DKRE &3/
& —TRHEDIE Lo T e,

0. BEEBY¥NFETH: LC 2a—n rifHo

1k

1. LC = a—urOBESEBEFENFAE

LC = a—0 > O EITHRSEORBFIEUETH
20, —EREHElC b EE L TBD, LCICRbIEY
TREAIEERWER T H 2. Lo T, W
DNB »#l#7 3 & LC = 2 — 0 > D% XM iS5 B)
BRAZRTLOT, HB3AEcaehnd k) usdR
A4 74 LC CEHahd. MEEZ Yy b TR
FC, VC, dLGN O W\ " h o ERA Kl ¢ b DNB R
KL bDEEBOZEER N I FERENT (H
3B, C, D). KB BRI X 5 ¥z VC, FC DJEIIC
Emo7:. 6-OHDA AEMDZ v b Tk FC ® VC
Rk 2EFANA 7 3IELEAYREENT,
dLGN Hiliz X 2 #FH A4 2 PO BBE s h (”
3F, G, H).

CONTROL
A DNB B FC

v

]
I
;

20msec
Fig.3. The short trains of multiple units of
small amplitude of LC neurons evoked by
electrical stimulation of DNB (A, E), FC (B,
F), dLGN (C, G) and VC (D, H). A, B, C, D:
control. E, F, G, H: 6-OHDA treated. In
6-OHDA treated animals, the multiple unit
responses to FC stimulation were greatly
reduced, and those to VC stimulation almost
completely disappeared. The arrowheads
indicate the stimulation.

LC —a—0yDBE~AS4 27D EALR, Zh
FTMEINTVLREIICIDODRS S HBHER
R4 7 THHY, TOASA 7 ORI HER L
6-OHDA B TENREDONE L oIz, BREK
BHEERHA A 7 /BErl2s I cldRl, WET
LENASNE B . SEGT—EIOLEFER
DRAC L > TRETE R LC =a—arofuTid,
STHEEE (5.0+0.6(M, n=8) & 6-OHDA ALiERE (6.2
0.5, n=8) TEMFEDshih->7 p>0.1). Ih
5D ik, 6-:OHDAMBI L > T LC =2 —o M
MAEOBRHNEEEICELSBI > TnEWL I L %R
LTw3.

2. BstEs

6-OHDA WEBH & MBH TR M BERM c T 2 %
SHER R LB T 5 £, WHEOBICHELENRED SN
7= (04). FC 0fsHE81E, 6-OHDA LERE (7.0%
3.6, n=8) Ti¥, 1{EEDA30THD 7 EEIZT T
WLLFTH b 3EERTIZOTH-7z. FhicxlL TR
HEEE (43.7+3.1, n=8) TIZ ¥~ TH32LLo&EE
FERLE (p<0.001). dLGN #J# i3 6-OHDA 4L
BHOLEEROFHE (58.6+3.1, n=8) ¥, XK
BEORSTES O FHIE (29.5+2.6, n=8) DK 2 fFic
BINL T (p<0.001). MEBRD VCIontd 2 &5t
B O EHIEIL25.8 (£4.2, n=8) TH-oL DKL
T, 6-OHDA #LBRE T3, VC RIBIC & 2 BITHRE
FeEgsnhroiz.

3. BITHRERR

WM RE O T, FC RIMOBE, Ml

A FC B dLGN C vc
70 W ©
o
60 ey
L] L]
50 s °
g« H : .
2 o H
4 ° T b
]
L] o
20 °
L] L]
L]
10 <]
.8.
0 3o 30000000 ———

Fig. 4. P-indices of LC neurons for FC (A),
dLGN (B) and VC (C). @ : cotrol. O:
6-OHDA treated. The short horizontal bars
indicate the means of P-indices. The mean
P.indices for these three brain sites were
significantly different between control and
6-OHDA treated group (p<0.001, t-test).



(46.9+1.3msec, n=64) & 6-OHDA ALERE 44.6+
1.9msec, n=29) L OICEELRENL» > p>
0.1). dLGN H#EoBE 2, MBEMICPRELE2R
®, 6-OHDA JLERE (29.61+0.8msec, n=64) DFH
BRI, XPEEE (50.7+2.4msec, n=64) » LKL TH
WL TV (p<0.001). WESOSFH % A5 &, TEERH
DOEFRIZ L DML 2 (K5A, B) (p<0.01). wTEEHE
Tk RS 50msec L ED b DB EEDHS0% % LD B
Dzt L T, 6-OHDA ALEEETId S0msec A LD b @
el ERasnxhor.

FEHEOE TR & 52, MITHHE O BRI
BEIEFEL TS Y, REEELRE»SEILTY
L RBARBEELNE &3 L0 WITULSREFOESR
BEEINDZ LA3H 299 WL 6-OHDA AE
FTOMTHERBERFOE VS, RBGRECEKEL T

dLGN
threshold suprathreshold
A w 20 control c control
3
5 " —h
°
o
Z o0
B 0 6~0HDA D 6-OHDA
@
&
T
g
=
10
0
0 3 S0 70 9% 0 30 S 70 9
tatency (msec) latency (msec)

Fig.5. Latencies of antidromic responses of LC
neurons to dLGN stimulation at threshold (A,
B) and suprathreshold intensities (C, D). A,
C: control. B, D: 6-OHDA treated. The
mean (p<0.001, t-test) and the distribution
(p<0.01, Wilcoxon’s test for ranked categorie-
s) of the latencies significantly differed
between control and 6-OHDA treated animals.
The latencies at threshold current intesity in
control ranged from 19msec to 92msec,
whereas all latencies obtained in 6-OHDA
treated group were shorter than 50msec.
Since it is known that some LC neurons
reveal two or more discrete antidromic
latencies as stimulus intensity is increased,
latencies at suprathreshold current intensity
were measured. The results were essentially
the same as those obtained for threshold
current intensity.

WRDMESEADIDIC, REL LDl
Lo THR SN B MTHERBEORR GIMHE LB »
WAL 7. BE BRI, BIERIRIC & 25
HEREDOREEOSMICILER L TR $ERBEOL 0
DUNBUEINL 72 D AT, SHEEED BE LIS 0 S
6-OHDA JLEREDRHE LR 5 v i3 BIERSIC &
BWEHOSIIIMB Z iz n o7 (E5C, D).

HEEFEO VC RIBIC & 2 BITHHKED Ty
67.9msec (+1.3msec, n=59) TH 7. WNBHS
b DR ERIBC & 2 MFTHERE O TR VC,
FC OIEWEL, ZOBEZFRESHEA/1 7 OEEOE
SOEELREUTH->7. 20Tk, LC =a2—n
> DRIERE~DIRETEERES VC, FC OIEIRE Wz ¢
ERT.

4 . BEOGEEE

6-OHDA #LEFf 15T dLGN RIBNT & 235
WERBEOEVWLOBE ko TwizZ &5, BEo
GFEHEEOFECCRET O E > R L.

6-OHDA LB#D LC —a—0 vy OEYHREE

A control

.,; 6

Z ; /////////////// %
B8 6-0HDA

06 0.7 08
conduction velocity (M/sec)

Fig. 6. Conduction velocities of LC axons. A:
control. B: 6-OHDA treated. The conduction
velocities of LC neurons in 6-OHDA treated
animals were significantly slower than those
in control animals (p<0.001, t-test). Hatched
columns are the data from dLGN-projecting
neurons and white columns are those from
neurons in which no antidromic responses from
dLGN were evoked.




6-OHDA 2 & 2 B = 2 — 0 > RET O FTERYE L 711

FEE (0.59+0.01m/sec, n=25) i&, *TEEEE (0.68%
0.0lm/sec, n=25) K D HEZE S m o Tl (p<
0.001) (& 6). 6-OHDA MERHZB T dLGN 2
s = 2—0YOHCHMBREEREDORENE I 5
FOPES DERET S, 6:O0HDA H5DE K
y dLGN B OBFEO_ERIZ DL CZREE &
pFEBIRoT. ZOFER, 6-:0HDA 5 0FHIC
LIEEEEOEOABEET (p<0.01), dLGN &4
DEEC L DEEEECEE R o7 (p>0.05).

5. FITHERERE

IRETOEE, S, 6-OHDA LB EH O dLGN
TR LC =2—o v OBEHRFBBI-TEDH, IO
BEEEE LC =a—n v OFE, FFL I et
F@shiz. ZOBELEEOBERNEENE 2HA
B9, BITHERERFRT 2 O LERRMEES
®E L7z, FC MBI & 2 HITHREOFHRMMER,
WEE (2.0+0.1mA, n=64) & 6-OHDA AL{ER¢
(1.940.2mA, n=29) O TREZZ» o7 (RTA,
B). dLGN RlI#ic & 2 T HERE D FHIME R,
6-OHDA ALEBR: (1.740.1mA, n=64) TxHER (2.2
+0.1mA, n=64) LHEBL TETFTL T (p<0.05)
(7€, D).

FC dLGN
A, control C  control
o
T 2
]
S0
0
B . 6-OHDA D 6-0OHDA
)
T 0
S
0 !
01 2 3 45 0 1 2 3 4 5

threshold (mA) threshold (mA)

Fig.7. Threshold current intensities for anti-
dromic responses of LC neurons to FC (A, B)
and dLGN stimulation (C, D). A, C: control.
B, D: 6-OHDA treated. The threshold curre-
nt intensities for FC stimulation were not
different between control and 6-OHDA treated
group, whereas those for dLGN stimulation
significantly decreased in 6-OHDA treated
group compared to control (p<0.05, t-test).
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Fig. 8. Two possible modes of axonal regener-
ation of LC neurons in dLGN following
neonatal 6-OHDA treatment. A: LC neurons
projecting to FC and VC first lose their distal
axons, and then axonal regeneration of LC
neurons occurs in dLGN from proximal site
of LC neuron. B: LC neurons projecting to
dLGN with a long axonal trajectory once lose
their terminal axons and instead axonal
regeneration occurs from proximal site of LC
neuron. The broken line indicates degenerate
axon and the line with dots indicates regener-
ative axon.
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Abstract

Biochemical and morphological studies have indicated that neonatal treatment with the
catecholamine neurotoxin 6-hydroxydopamine (6-OHDA) in rats results in a marked
denervation of noradrenergic axon terminals in the telencephalon and hyperinnervation in
the brainstem. This finding has led to the following view. Noradrenergic axons which
arise in a brainstem nucleus, the locus coeruleus (LC), degenerate predominantly in the
distal brain sites of LC at first following neonatal 6-OHDA treatment, and then the
axonal sprouting of LC neurons takes place alternatively in the proximal sites. Regarding
the effect of 6-OHDA on the projection of LC neuron to the dorsal part of lateral
geniculate nucleus (ALGN), the previous results are not consistent. Therefore, I focused this
study on the regeneration of noradrenergic axons in dLGN. Newborn rats within 6 hours
after birth received a subcutaneous injection of 6-OHDA. Histofluorescent and
electrophysiological experiments were performed at the age of 6 to 26 weeks. Using the
histofluorescence method, I confirmed that in 6-OHDA treated rats catecholamine fibers
almost completely disappeared in the cerebral cortex whereas the density of catecholamine
fibers increased in dLGN. Under urethane anesthesia, single-unit activity was recorded
extracellularly from LC, and electrical stimulation was given to frontal cortex (FC), visual
cortex(VC) and dLGN to obtain antidromic response. The percentage of LC neurons
activated antidromically from each brain site (projection index, P-index) was assessed to
quantify the amount of LC projection to each brain site. In 6-OHDA treated animals
compared with control animals, the P-indices for FC and VC were greatly reduced,
whereas the P-index for dLGN markedly increased. In control animals, about 50% of LC
neurons examined revealed the latencies of antidromic responses from dLGN of more than
50msec. In contrast, all latencies obtained in 6-OHDA treated animals were shorter than
50msec. The conduction velocities of LC axons were slower in 6-OHDA treated than
control animals. From measurement of the threshold current intensities for antidromic
activation, terminal excitability of LC axons in dLGN of 6-OHDA treated animals was
found to increase. These results suggest two types of the axonal regeneration of LC
neurons in dLGN following neonatal 6-OHDA treatment: 1) LC neurons projecting to
cerebral cortex lose their cortical axon terminals at the distal site of LC, and axonal
regeneration occurs in dLGN at the proximal site of LC. 2) LC neurons projecting to
dLGN with a long axonal trajectory lose their axon terminals in dLGN, and axonal
regeneration occurs from the proximal site.



