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Ultrastructural Organization of the Neurotransmitters in the
Feline Lateral Posterior Nuclear Complex of the Thalamus:
Immunohistochemical Study

Kaeko HOSHINO, Yi-Shin CHOU and Masao NORITA

Department of 2nd Anatomy,
Niigata University School of Medicine
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The lateral posterior complex (LP) of the thalamus receives a variety of different inputs
from cortical and subcortical areas. We have previously demonstrated four types of vesicle
containing profiles in this complex, and have identified GABA-ergic terminals?®). In this
study, we examined the features by the light and electron microscopy of the immunoreactivity
with antibodies raised against aspartate (Asp), glutamate (Glu), GABA, choline
acetyltransferase (ChAT) and substance P (SP) in the LP complex. The following
observations were found: (1) Asp and Glu; immunolabeled neurons were medium
sized. Immunolabeled terminals were medium sized containing round vesicles and making
asymmetrical synaptic contacts with dendritic profiles. (2) GABA; immunolabeled neurons
were small. Immunolabeled terminals were small, contained pleomorphic synaptic vesicles
and forming symmetrical synaptic contacts with dendritic profiles. (3) ChAT; no ChAT
immunolabeled neurons were found. Immunolabeled terminals were small, and contained
round vesicles making en passant, symmetrical and asymmetrical synaptic contacts with
dendritic profiles. (4) SP; immunolabeled neurons were medium sized. Immunolabeled
terminals were small containing round vesicles, and asymmetrical synaptic contacts with
dendritic profile.
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PIREERIC B0 A REBIE R, AMUBERELE
i L—RBETFCC - 2 BEREERETFRERE, /MR
REEEHRE T LR, SKEAMI LP) BFL*ETH
EREEESF L ARG ERBEERCES LT
RUOAZBENSVDD, MR R
B/ (BAHVIEERM T, BEITCRLHE (BHAHL
BERR BRI LubhTw5.

F* a5l ey A FE'E (lateral suprasylvian
cortex, LAF LS &8) 3 - 0FBREEREBHE %
CROABEELRERL LTHEBNTED, &bt LS
Do EE~OEFRIL, HEC LV ERIEh58E
E¥fTH (FladhmETet ) ¥ ERCETT
BIDORF R Sh 03979 —K, #
B L ABEEE LT bR D & S RE, HEE
bR~ A HERERHROEER L X5 LN
5, LS bt BEAREHTIMENCKERE
BHFROBERCOOCTLFEI ATV 299, JERR
BERBREROFELHRETHAS LP B LS »
L& DA REZITY, BEECEFHT L1219 =L
DBEHECHE ShTEY, b LP BBz
FXFABRERIRCIEET A= a—n v HBEEEYEY
KRERTVWATENLWS) 2 LP L HY
HATBIC R A LHDBEELE LTWA I ENREEh 5.

LP ##ciz, HELHO SO FE THEER 18-
W mbLDEEXERANEZFIARZEERTHIOIE
, PHEOBREENBEIFET L Lxbhbhik
FEHE L0, KRSITH LP Bl kds T h
LAREEWEY SURED v 7 7 AL A RE
BENCHL, L, ZhbDOREORRMAMIZ>WVWTE
5T 5.

ME LB E

v 72— VIREET (40 meg/kg, i.p.) TH 2 (&
H 2.2~3.0kg, n=5) #ALLERBCTRMETE L.
LD 0.9 BEBEPREKE, DLW T4 %35k a
TAFeEREQLIB IV EaALT AT FE 0.1M BB
B (pH7.4) wB& L-BEER2M L. BEE,
LREbLEBEPIOHL, 0.1M BEEER (pH7.4) ©
2~12BHIR G . ME~( 7 uRI(4 49— (EE EM
;) wdb 0pm OFFEL, 0.1M H# iR (pH7.4)
hiz i, O#EYR% ABC I (Vectastain f7)
THE L, DAB R CRIG, FBEL. —KIEOF

FEERIE, 7ASFA MEF2 A4 b G Dr. Petruz
T ORE) 135,00065, PHE (Dr. Petruz & HiRf)
320,000 %2, GABA (Dr. Towle X v##t) 21,000
g, FLT2V VY T7EFALFI VAT 25—+ (Boehrin-
ger #) 330ETH k. KEBEOCILDOYHF AT
1FHS ALY, BRL, BALL BESZERO
PEEA4A A7 ABCHRERLLE BAL =fvyg
WL, BEYEEAY S Y - %A LCHIT 7,000 N8
TEMETHRE L.

] ES

FTANTAF (Asp) & NT AL b (Glu)

Asp BN S Glu REBHERIILE LP
ERefkcziEy—eaml Tt (B 2). 20 Asp
BLU Glu SBsiaoX & 22h8 (E 15~35 pm)
T, HAY, =fAl, $EY BErLVAGALTE
iU (B la, b). ¥ 5c#ilafko ki &Pk
BLEhWALLHBEBHRIGER L.

R T BB OB, KRB X OBRER
PEEs . EEEHREROKRE SIIPELR (0.5~1.0
pm) T, ALy FTAPEEEL, WALWALRKED
SRR LIty ST ABE LT &b, B
PRI SR R T 7 ARERE (synaptic
glomerulus) E D - T\ f. Matkic v+ 7 &
BEL TV IBHERIBE S hih-T. 2D Asp
LU Glu BMERD Y F 7 2ABRERTH S EHRER
DEL L F BB AR UL (F 3, 4).

GABA

GABA #EBHMRIIE LP B4tk BEshi
(8 2). B 8 (7~15m) T, $HEY, %
¥, I TH -1 (K 1)

MR T, BB OBRIRHE, &Kk L U
ENBEI R, BERKISH Y+ 7 arE T
LEERIK (F) BIUEBEy -7 2 M NaxET 5>
F 7 A iIRZERE (PSD $ %Wk Fo) Thh (Clike4
&2588), LI PSD BRI AR ET S
RERER YT, RBCEHNMERRO LD LB
bh b REEEERERCKRLL TV, Z0k5C
GABA BBt PSD (28R - BHiRzei - kel 7 7
AfEEE Db Y, o F 7 ARBREHEK L LiZnb -
Twiz (| 5).

aY o TEFAIS LR T 25—+ (ChAT)

LP BB Tik ChAT Bt Emshich -

fo. —77, REBHEMIT LM-Sg OMUEA EIC L
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1 LP E#ick3r57 2354 b (Asp), 72 24+ (Glu), GABA,
aY YT EFALI VAT 25—+ (ChAT), PHHE (SP) BHMiE L
BN EOXEEE. a @ Asp B FEc, =AF, £/, §
B VCAWAEBREEYRYT. RERGE R0, LIZLESE—K
HHVITE S RERERE EcRE S, b Glu BEMRIIENC Asp B
PHBECELDTEISUTVS., L LAEREOBE R Asp DX K
HRThriniE, BRBEOEENEFLTWETHS. ¢ t GABA
Ptedi Nl T, BRI, IV, BEEAR S VAV ARBEYRT. SR
FisiiE <, LI LEg—rilReRs ot 5. d : LP BT ChAT
BEPEMR T 4 b i s, HERAM MBI A NG, e  SP B
iR, B¢, T L. RERIEOBEX L DEEL.
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T LP e shi (8 2). waBmEite
FEifiVCEERE TS - (H 1d).
R RO S i3 (0.2~0.4 pm) T, HE
IR E I v F 7 A MEER - T, BRI R
FEREPE ORI IR B 5\ (T ERR 2R & R E 7o
RIERFRE I ST RS LT (B 6). F o
RIS e et o bR ZER &~ “en passant” H o
FTAREL T BL0LBEEI N, 2D ChAT B
YRR D Y > 7 2SRRGB @A HET A 2 &

TR 63 A

eEihot.
P #&E (SP)

SP B MR L B AU (LPD & RS
(LPm) zoi@gant (M 2). Balokzsx
iR (156~20 pm) TEHRESH 5 VGEIEEY LTV
(B4 1e).

—7, HEEBMEET LP BReArHrEE XA
7o (R 2). SeEBAROAE 23N (B 0.5 pm)
T, R v F 7 APEEE LT, ZOBHEERTE

S
SUBSTANCE f ,'-%bqé'; .

TERMINALS

2 KB RO AREBEME (KEAai) LR (b
BH) of47. Asp BHEMIfE S Glu BHEMREIE LP B4
FCREELLGHLTCB. —F SP BiEME LPl & LPm
DACBEEZh 3. ChAT BHEMEE LP BEcRBEEIhE
V. BB LP MBS EC R T 5N, FOBELS
WTRERENRRLD. 2% D, GABA b - &<, Asp, Glu,
SP Axhic>3%&, ChAT AELEL.
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B3 Asp B2 RTEESR. Asp BEKEKILF
BEOKAEXEXT, Ay FTANNIEL D,
BREREIENHEY F 7 ABS LTV 5,
a VY FTANEEETS Asp BHERK
%k (Asp) 7 Asp BHE#HRZER (Den) &
YFTAREE LT WA, bt Asp BBHERERR
% (Den) 2 2OFBEMEMKE (ax) H
YFTABEELTVWA.

ZRE RO RERHBIRZER L JEarE Y > T RS L
Tt (B 7). 20 SP BHKERD®E LA EKE ST
VT ARBREIR N B 2 Sk o .

z £

IEBREREROHEELBERE LTHLR TV ARIK
B (LP) BHEL2ED, 3 3FnKEMD
AJI# BED I 55 1 O RE TR O h i ag
15, KBTI, TOLYREERANEZSTBT &
BT 5 & < Asp, Glu, GABA, ChAT, SP &
NTAREBEO T T I EAMREEREN LP B TH
E&xht, Fh, EFEHL D Asp, Glu, GABA it &

o.bge . ¥

B4 Glu BHAR3TEBEHB. Glu BHEROK
BB Asp B Fhic X {lTwv5b, a:
Iy F T ANEERETE Glu BHRE (Glu)
7 Glu BHERER (Den) vy F 7 2
HLTVA. b 220REBERRE (ax)
" Glu BBHEREE (Den) o+ 72K
ALTw5.

5 REBEMET LP BRef @B s i LT
WAZEMRER, S5 Asp BLU Glu B
1ZeRE, GABA BRI IEOMIETH L & LB
L&t ThETOPENHMB) LP D=2 —
o VI HEAROREE NN E= 2 —a VS
HEnaZiht, FHOMRTHS Asp, Glue B
Ml HH =2 —a v, Mlofilachd b GABA B
HHIFIN = 2~ Y THDL L EDRBEEN 5.

~7, LP SBEOBEESC >\ TO I hE TOHEN
Bk, AEEOEREKRENEEIRTVA. DED,
1) KBOKKRT, AWy F7ANEEELDI Fay
FU7%FT5H RL #£FK, (2) MUK ET, oM
#HFT 5 RS #K, 3) W SAREALEET, &2F
o NEEET S F BEEE, £LT @) »W{HA
A WEER - BERT, BN, BLIULE
LIEV AR Y — 2% FTHNES 2 — 0 v BROBHRZEE
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B 5 GABA BMZR+TEBHEHB. a @ 2WHr
TRPHR S D 320D GABA KK (GA-
BA) Atk (Den) &xH4E
SFTAEG LTS, b REERHRER (ax)
7 GABA BHESIRZER (Den) wwy 72
BEHELTWA.

Thb Fp K, O4BEETHS. RL, Fi, F: BRIk
HLOBEY F T AKRKBEHC b -TW3, &0
rak LP BErBEI L FBEERoRBEE B
LThZhETHL20h0MELRD D, Fliil Fo £3E
R LTREOMELENE N GABA THHZ LD
B i is - T 5%,
TRNTA b (Asp) &5 LT A4 b (Glu)

REE»D LP BRE~ORMBHORREIL RS B
U'RL ETHLZ LB BRAT VA28 K%L
B Asp, Glu BHRAERI AT S RS KK & RAEOHRE
R LIcH RL BEROBEEZRTLOLED LRI,
Fiz, Glu LU Asp BREDT I/ BHERERKSH
OMBREEWETH D L OTHZ I TOE L OWE
KEORINTLARE, m b0 Ehbh, KFE

Bl 6 ChAT B4R+ EBESE. ChAT BHEME
#Fk (ChAT) 2—®/ &, rodick
EHAKERAG T T ANEEE LTV A,
REEEBIRER (den) LIERKMEY >
AFEELTWA,

B 7 SP BiErRTEEE hvvi S A
BT 5 SP BHERK (SP) naEBEsR
R (den) LIFERFHE Y FTRABELTY
5.

THEEERL Asp, Glu BEHKRIZAMEEBERD b
OTHAHZ LTINS, —H, FRCET 285 =2 —
oy (fod L FRERREkE= 2 -1 v B5 08K
BE=a—-uv3®D d) yonb7 I/ BERnE
BWEELTVWREOBRELHHDT, LP B THEX
i Asp, Glu BHEENZ b OB b Ol
RO DL DTH LML H 5.
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GABA

LP ##fc k135 GABA B RoREMIROER
LLTiohEcodsErb oo LP BHEAO GABA
BHNE= - Y REOEEL L LS, 2ofiod
D U THEKRERSY b X OCBEMUIED kg b
Za—nvYRELZLRTWS,

aAYr7EFAIST AT 27—+ (ChAT)

AW TIE ChAT REIBMEHIE Y LP B2
DA LTV 5 SO0 LM-Sg OIS T% < BB
X7z, Fitzpatrick et al.'® JJEFTHDO b LA 5 — &
RERIGC &5 ZEERAE AV, BOMBEEX
(pedunculopontine tegmental nucleus, PPN) 75
@ ChAT BHERAERY LM-Sg ~#EHLTWLZ &%
mL7. ¥h, bhbhidEl, #aEr L -9 — &
ChAT #BRILHHAVLEEI Ly PPN 25 LP %
BEAORE = 2 — vy ChAT Bl chrL - L%
WeER L1 GR&EE). thbDrsnb LP &Eo ChAT
AKX PPN lEthT5 &0 2% (CUR3BLEBIR) .
SEIOEKEM S LP S8 ChAT Bitfiniime
EhichoteDT (LR35 36, 37, 38LBR) o
ChAT BHEMESEKBEORSH = » — o v OKNEhE
i Th H AR L Bbh A H, SRR SE S
Fehia ) FERTH L EORERSH LT, o
ArBELTIISHBOBES Lz, de Lima et al.*9 &
SR AR T, ChAT RN v+ 7 2
PEE W ORADI Fa Y FYT7ERELTE O EEKOR
Hoa—uavifEso—avoOBRERE YT A%
FRLTWAZEERL, Sl OBMEREYF7
ZARBRBEHRCBEM LTV D &wm L, AR TR
LP ¥8 0 ChAT BH&RN v+ 7 X RBREHBICE
boTHWABIRBERIRr-h, LELERRAL
HEH AR ChAT BHEAEERD v F 7 A RBRETERL I
b o L H 0, SEEE L.

P E (SP)

Hutsler et al.* {3, FEO®RBEHSH LPm ~O#H
§th SP BMSMTH A L BRI, 7, Battaglia
et al. !9k, E|E»H LM-Sg OoFARMEHEHE LT
5 SP Bth##EA = Lic. X5k, PPN ik ChAT
BRI B B 5 OMIED 1/3 5% SP #ikF LTL1 5%
e b, LP BB SP BHAAR ORI OB
L LT PPN 4805 0BRSS, LP BB OMUIK
(LPl &0 LPm & &) wkir 5 SP B&ERIR
NETORELSFOKRFIELEEILDLDEE DR
Lh%, ARFFIC LD LP RO Z Ot SP Bk

MlanEELHEL AL IRkl &b, SP BEEERD
—#fit - OBMROBABMERR TH L TN L T
TEILL.

(1) BHEHMUEEE (LP) i35 Asp, Glu, GABA,
ChAT, SP OfFfE% e b s cRER L.
(2) SEEBAEMRE LP SR e 2o fiam L.
Asp, Glu, GABA BH#:MIEE LP BlefAkicdbh,
SP BMMIEI LP BEOMUSIZ A b, ChAT
B BE S ek - T,

(3) REFEHERRMEL, ChAT 14 LM-Sg THETH -
foit, FOMOWET LP KE—I T LT\ i,

(4) Asp, Glu, ChAT, SP BBHME&E KT/
b, FICBHREER S FENFEC ST REBR LT
Wio. Asp, Glu B LU GABA BMEEK A RERET
Hih s o & nBES L.
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