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Fig.l. Right : the position of the trigeminal nuclei and tracts. Adapted from Niimi, 1976*. Left: frontal
view of the caudal nucleus (section along plane shown in right figure). Roman numerals (I-VIII)
indicate eight layers delimited cytoarchitectonically. Adapted from Gobel, et al., 1977%.
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Fig.2. The main connections of the lateral
trigeminothalamic tract (TTT). The
lateral TTT fibers terminate in the
posteromedial ventral nucleus (VPM) of
the thalamus, which projects into the
oro-facial area of the first somatosensory
cortex (SI). Abbreviations : TMN,
trigeminal mesencephalic nucleus; Vg,
caudal nucleus; Vi, interpolar nucleus;
Vm, trigeminal motor nucleus; Vo, oral
“nucleus; Vp, principal (main sensory)
nucleus; VPL, posterolateral ventral
nucleus. Adapted from Nieuwenhuys, et
al., 1979'.

WIRELEE £ R T8, ARRA NG 5=X
PRI 13 = X HE R & Ot DZEEE &[]
EEFZVWEIOTrICEVEEEELRTOAH
-—6- & 5 15, 16)0

BRABENE (VPM) @ OIS 2=
AR GR BRI 3 o FREERE R 5 &
OHEHRER, vk, itk BABOgRE (1



120 mA Hk

&), EfloFEELEAMRCELEL, o
fiEEEE % (SRD) K b DEHBBEDH SN 3P
(Fig.2)o

VPM i3 & M il i fll B posterolateral
ventral nucleus (VPL) &3zl
(VB complex) ZfE->TW5H, =XHEHEREK
PR 13 VPM i (RBhr R 7EE0 %) somatotopic
representation 2 & - TRIELTED, 251k
RESIFMBLENEER D% shell ¥4 T,
ERESEZ A X 5 LIIHMRFEER - ab
& 5 IR ESZ A & L FR S 53
U CGRAMIC AR LT 389, VPM filas
XU Z IEH T 2 =XKL & b
KWNSWEREHLRDL, Hl#MoEs 2 /S
{tencode LTW3, %L TENSDERIIE
HOBBNEET2LEL OSN3 ANEEOSE
—BLUE_MFHEER (SI, SID kEES
3, f->T, VPMIicHhtd 2 =GR
BITERRAB O, #E, HEEELEOH
B, TR b EHEEOKRE - H 51 M@
sensory-discriminative component {ZBi5. L
TWBEEZ LN TWVEY, BE, AfIEKI
Beif 4 5 = X AR ML AR BB 5 — (A
HiH (S1) TS ALFEEMiao s %
L NEEORERGEH ST 5 IBEERAS E
POBREDOBE LXK —HT B IEhMEETN
THh, —4, BEAMBEZEH RIS
D¥BNH B EEZSNTVE D, 55
T, Cho0REZRMIAEGLEE (BRE
FIB) Ho#EL-DOEERE L TEL,

i, BAKABES KBS ER
(SRD), FHIE#H, W TIRINBHEATIZSZ
B =X RERIRIR RS s T W B, T
05 OFMIE i BRI O R FHRIBICIE U B ILfE
AL FRNREZSEETH D, R
HgRE, MRS, WHSH, FAMRRO SREREATIEZ
TW3, Th S ORI ZHBAHT 82T OB B
WHE &S & A % B E A referred
pain®®, 3LV EIEE TREEEFRLALL

SR ORI REZEE D - THREES]

FERRITEVHRERBE (TuoFsr=7

allodynia)® ~OEGMRBEIN TV, F
fz, &9 ¥ F — causalgia, 4JEIE, AEER=
X g = 2 — o ¥ F — neuropathy 7§ & i
#F &N 53RO EW 78 deafferentation pain
3, COBTHEKED 3 Vi =XAREEKRE O
hific k- Tl &R S h 3 LTS hTL
626)0

BEBENARE (POm) : Mk E R FRE
HERER, sk, FREREAES, vl
s & U ARk EER% (SRD) & Bl
BE(IB cBHonsd», 2hsofhiro
OEEHRME S £ U POm NOREZAMETICIX
KA BENBERENHED 5hd, POmKN
TS 3 REZFMRO KRB BILVWEE
FEEOLEBIRMiaTH 27, i, HEOD
T OEHD 5 AT1% T 5 RBEREIKERE S <
DA TEREFEE N TWB?, B, Diamond 5
& POm AR ESE—AHREMR (SD o/
RS “column” MDEB ORI % LT
LR AR L 1c®, - T, AMIEXAE
HIRER 487 POm ~DEREMASD, Sk
WTHRE 7S & O ERE O BRE — FRIR 1 E =
KHEBERRTIEBELOND, £/, POm
RAHRERBICET 2 LEbN 3 BRAKE
retroinsular cortex Ic¥ 9 %5, T OIALITH
MO Emic TIricBEE£s &0 5,
POm ~DFEREANTRBEEI# X § 2 RR
alert A orientation T8 & © BA{R A3 7R
TV EY,

AR (VMpo) : &ill, B 1 BORE
A B REEIRES % 8 - CTHIR O BN H
%8 posterior part of ventral medial nucleus
(VMpo) Ic8d 3 & s a ni®, =
MRERICB T Ao RFANShTH
A, OEND S DANBHEREOL TV S,
VMpo Titf s h 2 ila0 Ko BREZE
ird 5 VIEEREM (cold) T, 2h 50
i RE L 2ER 2D, KRB ENS
HEHZ2 & - TWB, i, FlBOMIAERS
ftd 286152 b > TV 5, £ blicBWLT
VMpo ORIEHERE L 13hici| s 24 UP,



=X ikt o OMREIETE 121

Z OFREL D E L FIFHIE analgesia 25| X
T3 EPP®, OMUNSBREENT ST
EPHISNTVWBEY,

b, P =PRI KER

C OPEERS  IBEREBURES & MIEIBEMR I b
b, BERPEEEEO S ML lateral  central
nucleus (CL) & Z R ic B¢ 2 % N M) &%
dorsal medial nucleus, iFd7% 0% — HERE
&1& centromedian-parafascicular nuclei com-
plex (CM-Pf) & WM T#% submedial nu-
cleus (SM) IS4 2 HEh Sk3, 205
DA D KIS A RIBRR I B84 2 =X
FERREM I N TRV ER LR > T
%, WHITRRICEST 3 2 BHIE R & falkk
KIROSREE2R-> T3, BHRAKBHED
COZEFE EEBEHOBEEIC X > ThSLI
D, &SI EHRRESHIRD I3 IR & O FlEK
W&o THETZHH O, = XHEEKEMmE
PHEMHEKRBHITO 2 OEWZ AR I NEEE
EDPSDANETET HLEEZ LN BY,
AHduLE (CL) @ 2 OIPRI~EH 4 2 =X
BRI i, Mo EREMENERE LU
MRz IcZBD oy, BHKICRELELR
W, IS DEEEZ) 5 CL 0REZEM
faid, ZEEHIL ARSAREN BB 25
Hohd, Fi, HEOMIEI{FEILT
AR AN
B %2 0% — HEKEEE (CM-PD) | =X
R &  OFAI~ DR IZ 2 EH DR L,
DR DE AR A Rl EER% (SRD) B
FUmMAEAIREREE (SRV) FELY, <
DHEAEETIAKORERBICIL U 2HRIR
EZRMEASTGE S THBE®, Lrl, BNl
BIEEE D 5 DESHIED STt

HEAEE O CL © CM-Pf 3 KNS EE)
PR & OEHR LB S 2R -
TVBETE, P oT, ThoDMWALICHS T 2=
XAERREE O—&d, BERBT T 288
RIGH 2V ENOHFEI/FE0 B EHH
EEh b,
WHITH (SM) : sk 2AagE (1

& EHRORAMBICEEL®, £h 50k
RO RIS HRB L 1M S WEEF LR >R
PHURESZAMIETH 5, Zh o OMRIETRAL
BEMHERLS % & » THUE Yl SM
OHF M 2%, =X MEBREE ORLET
% 5 SM Mifao X3, EVmiitoz
EHER - RESAMBT, i#oEs%25Z
DRLSFE/ELTVRWY, £, SMANKIZ
TOWBELARICENAEE LS, HE
intractable pain D& 2R YR T EhHEX
TV 2 E AR R EZ E ventrolateral orbital
cortex (VLO) #9529, SM oifitEic
& - THRHIBE hyperalgesia 254 U, SM #i
M0 EEIEEH SM ~O enkephalin #EHE A
KE->THIflsh 3 &5, Coffield &
Miletic i3 SM 254 B4 4 Fiz & B REMEH I
MELTVwAEFHELTVEY,

ARREK Tii& S 1 3 REZSMIZOKE S
BIEVWZAFERD, OB E2/FE(tT2
BEIER®, SO RAIRKZESD 5 Vik
BETHORBICHE T 2 KNSRI
L, SRVIRATIC & 2 NRISLR O BEEH id s
EERREICEELTEFEEHELRT Y, $ik,
P = SRR A &5 A1 %2521 % CL, Pf
$® SM T Fi & IR K 'H anterior cingulate
cortex I & & B 4 2%%, I 1K [B] B 5 o
cingulotomy (BB % F BT B REST %2 K
b7, BEMEICHT 28RS EENT 5
EHRH SN TV B™P, - T, NGRS
T 5 XGRS, mEREICT 2158
KA affective (emotional) component iz
bz LELLN B,

=X RS = R T 2 0 % < i1
AR R L, 2 o—SBIREENAERK
CEHET 2, 205 OFALIERERER
reticular activating system (RAS) &% 3 Wid
EHfTiR7E% ascending activating system
(ARAS) %@ L TAKBHEOLWHEEFHIc @ %,
ZTOBEEAED D T LIk - TERRESE
BLEZONTVE, it » T, ZXAREHK
BidmEREIC & 2o ERMIGICEEd 5 &



122 BA HHd

MEshD, i, NAUBRKICERET 3 =XM
£ (Bt SUKBMROESE L, EARk» 5T
T EEN: S 2 L NEROEEEZF T
%, PR RICECIREICK > THET 3
HHAXHESCE central  pain BEBFO—D &L
T, TOTTHATIONS v 2D Fhickd
=X (FH) SRR OESOELBE
Lo TWHWBESS

2) ZXHEERAE

trigeminoreticular tract (TRT)

MR & ik 1 % h S RO RO B S
HRkE, BHORANICAIE T 5 EHRIEMKE
(SRV) 8 K U E K #l g % 8 K &
gigantocellular reticular nucleus Z¥¢5 4
278, B » 5 & 4 Bl 88 &% % lateral
reticular nucleus O/NIIFALEE & 8 B AR :
#BEEN paragigantocellular reticular nucleus
IRRHEE X DY, BRI 5 T h SRR
DS LDV OHPBRKICEHNT 2 L5,
COFRBZXME - @A -BHKE
trigemino-reticulo-thalamic tract & &5
BT E B, KERO =X MEARERMES A
WERE AR ILEEIEME T, DESAME
IRICEEN 3~ 5 = RREAR RIR AL & 16 U < IS
LB &R, Al Ui & 5 i =X
BB O—E0IE, BRI SFHEEXSE=X
FERKIBHRTS 5,

ORI O OFERE R LB L U
PflkkA TR S W 2 REZEMRIL, Cof
BIEokBmia L Eikice s, Y8, hekx:
bECHFARINREHF LT CRVIGES
B2 R PRAESME LTVWB I ER D, O
BORREOBRE — AR I &L > alEEdE &
DIV, BRI X > TRERBUN T
3B E aversive {TE1 2 F /D $ 55 R E
PRI & FR ISR S 2 RO NRIBR D
BURTE BT 5, [ERCBRIEICIERT 2
EEZ SN B ENE XL E QMBS L,
FREAE T B HBIREREIC g RiX E
FTRARPERO S ERENICED S E 5,

S S P LR Ok A OB, RE
e RBTEI A FBR T 5. UL ELOBEHL P,
EX MR R BRI L 5 A ARPR
i, B BIUTZ I EE KBTEIORE
Bith, bbb E T -BHNAE
motivational-affective component {5 L
TWa EEbh 388,

F 1, =XMHREERR ARSI B 5 5 A
MR, BERMREMRERE, 7 L CEFEXRMR
MR LRERERO L2 X WRREE
ARPEHRADO R —a v LRVEB
W 9 B T TR B 5% descending
pain inhibitory system THEEHLS&E(42 R/ L
TWBS®, 0o OPEERKITIE, &5 IR
PRIKER B X T BEHRIRES - = X AR AR IR B Ol
BERPAMLTVWS, $6-T, TOTITHRM
HERE=XAEEEEP S OB THS T
0o DIEEPRER I AREWERO—ILICL - T
RS, Zhick - TRERANESZ/NS
{43 &I EOIFREIH negative feedback
control L2 3 LMNTX B,

AR Lok i, BEAKEEEER (SRV) 25
OH % 521 B chiiiiarkik & P iEsk & 5 A
N%EZF 52 BRIGRT RERERIER (RAS)
OAEERL, LEEANEE CEHV TERS
(HERIREE) 2F-TLAER®, -7, =ZXM
RERBRRIA R B 1S C O R EWE T 5
—DORFERBTHAD. ki, TOHRHEE
Db DRRMEE 1T B B E AR D —
T b % EHEVIRIE A HIEF rostral ventrolateral
medulla 23, ZREMEETRIHINE T3 2 MudERd
Al oM OTES I EEMCE < PR
hTwa®, 5f-T, BRI & 31EHRG
WChERE S 5 BERMER (RS, #lA
RIS R OB O ERIBUIC L 2 ORI L
MEERIC, ZOZXMERBRERBENEELT
WARI EBTRELOLND, BE, BEAFO
R RE L~ o N EEMRREIC & - TH
EBL, ZoHNoBESRER#IC L 2RER
IBERWEIEE D T EBWMES N TV BEY,

b 5[ LIcEBAd SREEANEZ T =



=X HRHED o O RS 123

XMEEAK OB OREZ AN, FicILfE
EigMfaoBE Y, Z0ZRELAN O DEZ
FRII & - THIH & 5 LR v
fiii diffuse noxious inhibitory control
(DNIC) EWHHRBHISNATWHLEY, =X
PR ARR B R AR S B L AT 252
\F B REREER (SRD) 45, C OFHIRICH
HRBREEZ OGNS, BWENK L EZXHEEN
% & HRZOMITALE T 5 SRD ORItk -
TDNIC 3@ d 2™, ZORIIEE &M
DAV EIRANEES EITE - THEHBO
o=@k 20 BI>THA S, THH
RIITFHGREMIE (STT) PHKREHIRER
Bt (VB complex) 7% & O{EREBMASZ A
T{AoNTWV2, MENZAFSHEENES
BHORB AT & WS FZmE & EkicE 2
L5l EMTE B,

3) =X HMERKT RIS
trigeminohypothalamic tract (THT)

DR R =X 2 2 B HH S B OGRR T
~ORFFEHIE, MBS Y - 7 AR ER
TEbLBEEZEZSNTW M, BiE Giesler ©
2" )V — 7% Fluoro-Gold & \ 5 ¥4 b L —
+ — % RO o RIS TR RS © O BT MR
2B U e ESUEBERENT I & - TEER
HEMFEL 7270, ZXRERB L UBH» S
DEGHERME M o RE % BT L, HREME
DIEL TRIMICA S, T OFHETHMB L UA
MRK T EZH L, WELERXEE-T
EHERZX L, FROBRKTIHICASH, —&
ORI IZE SIcERRIT U ¥ — v L TR
M~E3b0FEETE®Y,

= XRREARIR T HEE o AR 1 BRI
& & F kR (SRD) 12434 LTV 5 435%™,
OBREEAK TEARSL TR, Thb
DoMBRESTMEoOS G E—H L, fk,
T OFSEE & HEEIREMR IC b 3 B REER T AT
fad (SHT) O RKMBHAVPHRNBEZESMKS %
WIRIEEIEMETH 2 C L 5P, ok
HEPREZIFCHb>TVWEEEZI LN 5,

A. medial hypothalamus

Nuc.
caud.

Nuc.
caud.

Fig.3. Location of trigeminohypothalamic tract
(THT) neurons labeled with fluorogold
transported retrogradely from the
medial hypothalamus (A) or from the
lateral hypothalamus (B) to the
trigeminal caudal nucleus in the rat.
The right side in each figure is
ipsilateral to the injected area. The
numbers indicate the total number of
labeled neurons (THT neurons) in each
side. Adapted from Burstein, et al.,
1990™.
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Fig.4.A : Typical response of nociceptive specific (NS) neuron in the parabrachial nucleus.
confirmed that this neuron projected into the central amygdaloid nucleus.
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It was
This neuron

responded to both mechanical (pinch: P) and thermal (48°C) noxious stimuli applied between
the 2 arrows (duration: 20 sec). Note that this neuron responded to stimuli to all parts of the
body tested but preferentially activated by both stimuli of the ipsilateral face.

: Stimulus-response curves of nociceptive specific (NS) parabrachioamygdaloid neurons to
graded thermal stimuli. The responses of individual neurons are shown by thin lines and the
average stimulus-response curve by thick line. Ordinate indicates mean frequency of
response, and abscissa indicates stimulus temperature in °C. Inset in the top left shows
temperature threshold of these neurons. The mean threshold was 44.1+-2°C. Quoted from

Bernard and Besson, 1990"".
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Fig.5.

FAA HifE

The main connections of the trigemino (spino)
-parabrachio-amygdaloid (hypothalamic) tract. The
marginal layer of caudal nucleus (Vc) and the layer
I of spinal cord (Sp) receive the nociceptive inputs
via Ad and/or C fibers, and the informations are
carried to the lateral parabrachial nucleus (PBIl) via
the trigeminoparabrachial tract (TPT) and the
spinoparabrachial tract (SPT), respectively. The
pontine PBI (pPBIl) projects into the central
amygdaloid nucleus, the lateral subdivision (Cel)
and the lateral capsular subdivision (CeLC), and
lateral division of the bed nucleus of stria terminalis
(BSTL), and the mesencephalic PBl (mPBI) projects
into the hypothalamic ventromedial nucleus (VMH)
and the ventrochiasmatic area (RCh). This figure
was kindly provided by Bernard, J. F. and Bester, H.
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Location of trigeminosolitary tract (TST)
neurons. The labeled neurons were
found in the superficial layers of the
caudal nucleus and the paratrigeminal
nucleus. Levels of sections in mm
caudal to rostral to the anterior limit of
the area postrema (C) are indicated.
Abbreviations : EC, external cuneate
nucleus ; RB, restiform body ; V,
descending tract of trigeminal nerve.
Quoted from Menétrey and Basbaum,
1987,
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Trigeminal sensory \
nuclear complex

Cingulate

TST

Fig.7. Summary of pain pathways from the trigeminal sensory nuclear complex. Abbreviations:
Cingulate, cingulate cortex; MIT, medial/intralaminar thalamic nuclei; NTS, solitary tract
nucleus; PB, parabrachial nucleus; RAS, reticular activating system; RF, reticular formation; SI,
first somatosensory cortex; THT, trigeminohypothalamic tract; TPT, trigeminoparabrachial
tract; TRT, trigeminoreticular tract; TST, trigeminosolitary tract; TTT, trigeminothalamic tract;

VPM, posteromedial ventral nucleus.
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