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Pain Information Pathways from the Periphery to the Cerebral Cortex
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A recent PET study revealed that the first and second somatosensory cortices (SI, SII), and the anterior cingulate
cortex are activated by painful peripheral stimulation in humans. It has become clear that painful signals (nociceptive in-
formation) evoked at the periphery are transmitted via various circuits to the multiple cerebral cortices where pain sig-
nals are processed and perceived. Human or clinical pain is not merely a modality of somatic sensation, but associated
with the affect that accompanies sensation. Consequently, pain has a somatosensory-discriminative aspect and an affec-
tive-cognitive aspect that are processed in different but correlated brain structures in the ascending circuits. Considering
the physiologic characteristics and fiber connections, the SI and SII cortices appear to be involved in somatosensory-
discriminative pain, and the anterior cingulate cortex (area 24) in the affective-cognitive aspect of pain. This paper deals
with the ascending pain pathways from the periphery to these cortices and their interconnections. Our recent findings on
the protease-activated receptors 1 and 2 (PAR-1, and —2), which are confirmed to exist in the dorsal root ganglion cells,
are also described. Activation of PAR-2 during inflammation or tissue injury at the periphery is pronociceptive, while
PAR-1 appears to be antinociceptive. Based on these findings, PAR-1 and PAR-2 are attracting interest as target

molecules for new drug development.
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Fig. 1. Mechanisms for Activation of Human Protease-Activated Receptor—2 (PAR-2) by Endogenous Proteases and a Receptor-

Activating Peptide

PLC: phospholipase C, DG: diacylgryserol, IP;: inositol trisphosphate, PKC: protein kinase C.
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Fig. 2. Possible Mechanisms Involved in the Hyperalgesia and Pain Caused by Activation of PAR-2 Present in the Peripheral Termi-

nal of the C-Fiber

PLC: phospholipase C, DG: diacylgryserol, IP;: inositol trisphosphate, PKC: protein kinase C, SP: substance P, Glu: glutamate, NK;: NK; receptor, NMDA:

N-methyl-D-aspartate receptor, DRG: dorsal root ganglion.
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Fig. 3. Terminal Distribution of the Degenerating Axons of the Spinothalamic Tract in the Thalamus of a Patient with Spinal Com-
plete Section Symptom due to Intrathecal Leukemia Infiltration, Showing Patchy Terminal Pattern (black spot) in Vce (VPL)
Ce: nucleus (nucl.) centrum medianum, Gmmc: nucl. geniculatus magnocellularis, Lamc: lamella medialis caudalis, Li: nucl. limitans, Pf: nucl. parafas-

cicularis, Vce: nucl. ventrocaudalis externus, Vcpor: nucl. ventrocaudalis portae.
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CAT 222 89

Fig. 4. Distribution of Retrogradely Labeled Cells in the Brain Stem of a Cat, of Which Thalamic CL (Central Lateral Nucleus) was

Injected with Retrograde Tracer, WGA—HRP

Arrows at the bottom of drawings point to the side of injection. FTL: lateral tegmental field (teg. f.), PR: paramedian teg. f., FTM: magnocellular teg. f.,
FTG: gigantocellular teg. f., FTP: paralemniscal teg. f., FTC: central teg. f., BC: brachium conjunctivum, PBL: lateral parabrachial nucl., CAE: nucl. caeruleus,
PAG: periaqueductal gray, EW: Edinger-Westphal nucl., CM: nucl. centrum medianum, RM: nucl. raphe magnus.
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ERIZFEDEH DA LIRS T, iz /Ny FH
BRNHE5NS. VPL OHLEICIZZE O, %%
BN B R DR AL RAE IR T 2. —
i, WHIEE TSV (CL), $gE% (Pf),
WHEIHLE (CeM), HNHEIEL (MD) NI E
MEFEN, WENICbETNTNREZAMEZ S A
TW5. ® Giesler 53913 VPL, CL 72 & O Wifi k&
SURE T HRE STT EthfilaZFE L, VPL flJHD
A TIEMEA(LT 5 STT k4hMfE &% ¥, VPL, CL \W§
NOFIFTHIEMEAL T 2EEME 28D, 04
RIS WDR SHAZAY 70%, e il B A 52 22 il
f7s 30% % 58, — 4 CL R DAL 0 &AL
T2 BB STT A FEIT o5 o i AR bk 52 25 e 629,
WDR 25%, HIBERER 2% M5k 2 EFD.
VPL, CL WS NOFTHIFATH IR T 2 STT #rife
WEIKER N TR L THlifZICEI S & LTWa, filiililig
NS EBERER E TIE U % WDR Mo % »
STT I3k 5 3% B O T A 38, o) fiF A Al 13 1T S
IS B ECIA R A28 Wy STT 1345 B 28 201 A I A5 1
DH%BEZREZTEHRL TS, ATFIXHMH

STT, #BHIWIANMEISTT EEZ 5NN, ik
% EAEFREEIIRRKIC R D Bix 20T <, Mkt
NZEEITT DS HENICEBEENRRDSEED
&1Z72%. Apkarian 5403 HIVITBIT HEK T,
SR @ STT #& R EBALIT M B#%, B LK,
VPL, %M (VPD, WHEIHEK TIX CL, MD
AT, TEMENS O [ STT FRHE© I M
STTHRMEDVWTNOKHICHKREKTLESED. £
=, SRR D S B A IR d 5 Mifdix VPI @
fil, #i%, BEEREDOEE (PO) BIZZWEE
5 .40 PO B EEMIRLIZ M H1IZ B S STA W AR A 2 25 B
AL, ZEERBRNRICRIN, KK SITIZHST %
ZEMNSHEADOHIREEZEZ SN TV,

T, Ca #%& 4 B 28-kDa calbindin, parvalbu-
min /2 ENHIRHRERICHEFEEL, AIFITERERE M
WixiE, BHE, ShERAXRE RO RHER EE
B - BHEL X)L SERICE D REHE®R BITROM
PR PR ARME I B, IR, BRE, N
HIEm 7R EIRERIIEET LITERHEICHBT 2
Z &3 Rausell 52 OH)LITHBIT 5 HE LA K DA
SMICEI N, FEIKF R TIE core 7 parvalbumin
B PEAI AL - KRAEDY 58, JEDIC calbindin F5 1 KR
PiEN RS N5 EF S, Blomgvist 5913 M
PR DY 5 VPL, VPM O % NI 58 17 72
calbindin [5E#RHME - MIFLIC K D KB SN SRIEN
% (VMpo) #ZFEL, »NSOPFIITBITS
FERD analogy 705, VMpo ZZNIRERELEEDLE
HIBHRICETDESTTOY Ty hEED.
VMpo I3 Hassler 73484 Tld Nucl. limitans portae,
Vc portae IZIEEAYST 2. ZOEEIZRED DY
)V STT YJEAEAR TH 2 < DA AV i 9 2 5
fTHO, RBDHVR/BDIEERDNS. £k, A
ISR RED Ao bsEFD. IHITCL bR
7712 calbindin FEFLN R 5N T 5 OIZEIBRZEWN,

T, FREZMA I E) S GSRENEEE (VM)
HEONMEITE (SM) ~NOFENHE X4, NS
AR SN2 EITXD, ZOBAYEH DD
nEEEND D EFD. W

BT 5 &, REHERIIIMAEIK D VPL O #%
IR, NEIEEKD CL,MD I Ahah, 51
VPL O &1k & 7= 5 VPI, VMpo, SM 75 & D
INZIT O BRER A 1 ERHENAD, ERENDE»
DOHfEEERIN TS, £, POEBEDBRE
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TEH P RkICREE T 5, DIk, BN SEKICH SR
EER TR ERRNICEEDDE, Fig. 50L&
2%, ZZTRxIOMzEzHAWT LT ZRL &
M, Y, E hTHZOMRITEHINS. =72,
K Vmpo, VPLIZHB T 5 STT HKEKIZHIL, B b
THEINZHDT, ZZTIREFERIMON B
WA 7 L& 2 R U 7z,

42. $K - KNRERERS  mARETE
ko SI, S, Fi#IREIRER EZ & B ITIEELT
%. Kenshalo 593 H )L SIEE 1 HBizBWT,
NS, WDR fiifld 1= v b EnZnmti s N,
18R L THEEL S D, Spreafico 5413 % I SI,
SI B D 2 H{TEGM S, SINOHKANIZ
VPL Ofl, CL ZH.0&F 2 8ENEZ, PO KEEE,
MERIF R (Vim) ©Zh0L, SII A VPL O in-
ner shell, AT R AR K 50 & 2 © PO KX B,
Vim 72 E» S 447 =21, VPL Tl core IZ SI #
SR, shell #543121& SII, X4 SI, SII @ WA~
BT MR EFEET S ES D, Stevens 5403 Y
WIZBWTEHERN SO STT JBEfTEZ#HE SINE D
WITEREZ AL T, #HRICHBITS STTHRKRE
SII &M AEREL TR N5 &L T VP,
PO, VPL, CL 2L TW5. L /=2 > TXR
121 SIL, SIL WO RE I HBERNEEE CL, #%
MERIEERE VPL O AN H 0, BINRZEND 5720
EEHT EITRD.

%A1 ERAEDRER T 2 &5 D BENAREEE O NI
T (SM) 73 5 O J B 5 S afl V3 iy 8 5 i A AR
LA, 4 iR A AF S,

AfarikE (24 B) NFRREB ORI EHWEE
BRICK 2 &9 BIRATEE, ERERE, fERNE
B, SMIEHRENS DANNREDSNSD. BN
EE TSRO, N0, CL, MD 72 &I
WTEE AT R 6, T 58803 STT #ifk 2
BEHEZT, L T4 HFAEFELTNDS I &%)
Modz. ERIEEECIERIIEMIEE, SM ORENH 0,
SM 5 24 FANOHEFHIAS N TH S, k%<
DG DY & % B RIMAE A BT RL T O W T AR F A A1
2NN, JEAEOEEITARN, HEKRUATIIHET
B, A HREREL, B, RS OB DM TR
B BNz, Vogt 50 HH)IVITB W TIEFREERE,
CL, Pf, MD @ 24 BN DO#H ZFHL T1Wa,. L
7203 TIRERE WL STT 7 5 Btk NEE 2% T 24 B

WCEET S ZEIEHSNTH S, 24 BB HIRE
D23 ¥ & HHAMMESETND D, 24BN OHN
HETRTEEIENMIE D 4, 6, 9 B, KWMEER, R
BoiR, XfEERE, B/ EICHE S, D 24 BT 23
By 208 CHg IS SRRMEERE N D D, 24 S ETHIC
W RTEEZE NI O RABREF I ERMEZ XD, WD)
5 outer limbic ring Z A%, #B5E - K5 - HIEE -
K - RPkEZ 502 5 EL% inner limbic ring & HH A
ICRCEMBEZRAL, BECHERICEEGT .2
5. KENKEIC&TZREERLE

51. KINREICKT2REEHBASN I
RPERE B N O BIRFE RN 5 O A 135 IV—IIT
[EI O, IRIERFRL N S O R R 135
LEICHKART S, SI EEITRTEZ S 3a, 3b, 2, 1
DOEBHNEHIT D0, b b TIE 3 BFIdLEIcHE
B, ZTORHT4ETICHEET 5. 3a ldHEREM
FIEEL D DANND B0, 3b, 1, 2 BIEH RN
R LD A1 Z22ZT 5. 3b, 1 BRI ST,
2 BRI B 7R & DO RERHEMUE R, 3a BRI I EE
M5 D group 1 HRHEMN S DRI E N A S A, VPL
MEDREFROEAD ESOND. SI FHEIT SI
B L, IRERAI IR RL D & 2 AT EIEE & A #E7s
SR EFEDEBIMAERS 5%, Spreafico 540 D
% AW R T, EABALAY SII
DEIMN S HEEICBET 512D T, PO KO
WD VPL ANEEFENBEL, KEA/HEDRN
0 SIL 121 PO RMEN A D EF S, FAE BT
12 3 SIL 7 5 DI ORRMED IR ORI H 9 %
DEHERL TS, 51T SI N5 OFGHEAED
¥ PAG D HEBE KEEFREZICH] 0,2 SIL T EE D EX
RIS ICHEI TH DI L2, v b THR
U 72,39 SI—SII M3 AH B ARFEERE Y D, S5
2 SIS 1 SGEENEF, S ¥, BEICHESHRMEZ
£S5, FEBE, b N PET B THAICKIGL T ST
CEBHITHEBRFOMBHMMAE SN, 51T
CO, L —HIZLDHFTH ZNS DAL S FH
FEMNF SN, 3 REZRICEEL 2 HERAH
HORE 24 B, BEIBEHTHITONTNWS Z ENGE
BN TWD, #iHEHRED S OB SICE L T
AITSE A B e O IR B & OFE B VR ICHR I T, 2
DEROBIEIIIR AZRINIHEETITHF AL 51
B OJFIREE (suffering) 2% ET2HDEL T,
PR AR IR IR SN T W, Ball, RO
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Fig. 5. Schematic Figure of Ascending STT from the Spinal Cord to the Thalamus

Striped area represents the lateral STT, stippled pathway the medial STT. Arrow heads show axon-colaterals or axons from, or to the each STT from the sur-
rounding areas, depending on the direction of the arrow heads. For simplicity, VPI (monkey), VMpo (primates) are shown at the relative location in this figure of
the cat brain. Abbreviation in the brain stem, see the legend of Fig. 4. Abbreviation in the thalamus: VM,,: ventromedial posterior nucl., MGmc, MGp: magnocel-
lular nucl., principal nucl. of the medial geniculate body, respectively, SG: suprageniculate nucl., HB: habenular nucl., CM: nucl. centrum medianum, PVG:
periventricular gray, VPI: ventroposterior inferior nucl, VPL, VPM: lateral, medial ventroposterior nucl., respectively, MD: mediodorsal nucl., CL: central lateral
nucl., CMN: central medial nucl., PAC: paracentral nucl., SM: submedius nucl., HPA: posterior hypothalamic area.
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Sensory-discriminative aspect of pain

Affective-cognitive aspect of pain
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Fig. 6. Summary Schematic Diagram of the Sensory-Discriminative Aspect and Affective-Cognitive Aspect of Pain Pathways and

Their Circuits from the Spinal Cord to the Cerebral Cortex
SMA: supplementary motor cortex, M1: primary motor cortex.

W PR %97 2 Rl Bl B B SR 0 A
DG SNTWD, D R EE AR, #iik
B D MLRAEMN L 72 BF TIIERRNE SN,
DLTWLEBETIIIRNZUN oI EBHES
1, 59 R R [E] D BRI 7% & 2 i O pER AE O S5 12 Be
HY DI EMHShERSTZ. Ty MTBIT SR
U EFEERTD, WIRREZTOEHEKEDESR
FFE A5 2 #1 (tonic pain) DIEIETT B 2 58 1712 HlI
#lL, LABRVLWEBIRNBOONELEED. W &
IRIEI D & RN L2 DRSNS, M7 R =
T PAG /5 O MR 2 EME L Lz E U
HLEEZLSNS.

52. BHRACHTI2EAMREDKRE  SI
13 & O 1 BB VX E 5 1A RE AU AL 120 7% 6
0, BURERTL  fk R PRAZRRAE 25 A H1 9 % 56 110, IV

JE IV AR MER R EATRRAEDFEE L TH O, Z
NS5IFFEE LU THAGIH ORI ZIEE S /R0,
RERIRIIERE AN A SN DR O/ S uillaE L 0 8
BT B, B FITEMET U RS L TRERRMIC
THIT LGRS0, |E FTRMERITE DR
MELTEENANOH &%, ZhsohiEz
NETNDOERALITH L TRENEENS.5V, VIE
MO DHERERIRMEIEIR, 4, /S, L8, B
ENDOEERMEETRD, FBABEROEL NIVITBT
574 —=RNY I AT LEERT D, LizN>T
SRR AN 2 Z%ENTEL TWbd EF A 5. Sl
R R TYE ST & DHLT B 2 2RI I 23
% DT ST AL D R FR B 7206 AR AN B 597 %
EEOLNDN, BEMTRRENR 28D LREME
WWHKIEL, &SN R SNEWZEE 2 /D™
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ZEXD, FHERETH IR R E DA N
Fete 2 Rd. AR IE] V3R A R C i I D& P 1b
NHESN, FHLEZTEHITIRNENVZEREZFFD
Z &K DFREEAL « FIBRE OFF S LIE A ATEE T H
0, FISHZE, ¥R, A, PR, Rk EEZ o
MRS NS, WAITERT 21EH (affective-
motivated pain) = Ji & % M (affective-cognitive
pain) IZKHIEEICEAE T HEE R T HDLEE
AH6N5. FEEEENEZ RTREICEKE, 7
v MREERENDH D, AEEEGHE EDITHAD
HEmICEET 20 EBbNs. S 5ITUEKA
DI AHIRANIRAR, 155, D PAG & D%
MeHAR N O AN Z %, ATEEGE, TR, MEKEO
Bk a N 52" 2ELC2ZENEZEALGNS.Y
INSDREKRIZIUTATTT HBREERNE Z &
OPNMIEEE, WA STT R I A RIB O EAL - 58
T 20T, BEMGRERBICHIILED &
WO FRANEEZHHL TWS b0 LEbh, 0
Tl 5 23 B kg 9 Ut & AY 72 WY pain suffering, R
7, DDOMELBH T EITRS.

6. &HYIC

2E X3 A mE R TR B AR OF
n, B MR AR, BHE—S Ot
IR OBR T EE, Bhi—PIN—HRE R E ETn
5OERER Y BT — 7 2 ERIKERENICEME, L
7slEpg 2Bk (Fig. 6) 9 5. FEYBHE O SN
TS AR R S T AR ST o KRR N IS 2 B 9 5
PR RMPE I 72 & WD 2 R P e (20 LU T
PER DA AW 7 X e N SR AR IS 2 2T, v
WY 73 PR R AR I R R 7 Wy U IR B 5 2 S
W, BHERESRR EDBREENFEREL TS
7%, & SITHE ISR 215 5 72 8 120 Al E R [E]
P& OO FEE R AR BRAYRFZE >, il - Mt BeE g
5T EYFRIR RN S E O A O Z 72 LT
WRITFIUT RS IR, BB Z A AT X
ZBEBKRFAIZ T TR, EHEWNIT OIS & (2t X
SHNHIS B PR RN Z AR DI FE S, 20T >4
TZARNNIZT7 T S OBFES, O F KRN
NDBRIEF 559 75 £ D drug delivery system D [
FHEOHEABFICANDLEND 5.
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