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“Human” in the eyes of Physiology
Hiroshi IZUMI
Division of Physiology, Department of Oral Biology, Health Sciences University of Hokkaido, Hokkaido, Japan

Abstract

The present report focuses on a physiological review in which the author has been borne in mind at the lectures

of physiological subjects during the last 40 years at Tohoku University and Health Sciences University of Hokkaido.
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| T AR

R —]

WI1=IME

X7-—3
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18 AR B2 RS /e b

(1) BHEESERR

HEALOME 25 A TR S FIBW G EEERETH Y, §X
TOFHBWIASNL., MR T Db DIZZHEE
Fib, KunBA g OB IZHRO L HICHBIZHA LT
W5, AHMBEHEOIZEE oA I IIRE AR
CWHEZEED D 5. IREZHHIIT ARG L IRTE
WH L. ImAMEICHAETH D, WM IZ R
ASKRMEDT J7 252 % . CRAEIZ RS 7 Wl IR
(Hf£0.3—1.5um) T, fmE#E (1m/ ) MRS
THHEVHMETD D, ASHAMEIZFER 2 b O AR
((EfE1~5um) T, {REHEEIL4 —30m/ BTH
5. WHERAZEITRHBEHEEZEGE T2 25 [2F
] EHER, WEZXERT [RBESHG] LFEh
5. AHMREKREDIE Lo -REZSHEH TOHEILC
A & ASTRAED T OMAMETHIIED B, ORI
BB, By, (LM% ET_RTCORERBIIET A
polymodal (K1) E—4%)) REZHEHEEFL, ASHAME
(0 R 7 SRR 2 R E RS O AT B B R
R EFEO.

(i) RV E—FVEEZHR

R E— ¥R EZ A SRR E R O M2 2L
REREL, ACFRRERG, FERWEIC X 2R HE R L,
WHWAHR Y AT ORIBUIELE L, RO % §
WA ZFIERIT. INE [ K (second pain) |
F720k [BWFA (slow pain) | L), TDF A TD
A OB o8, M B, BEILEOR, TR Lo
RIESFEED RIEE D 2 L 05%\,

(i) PR EZE S
BOIHFRITHFEL, REDIE>E ) LB WEAZE
FlERZT. ZoFMIE [—KF (first pain) | F 7213
RV A (fast pain) | &\, BEFZRIEA T, Z0
Mo 2l T AUTFE AT R CTLE ).

(2) Ea2EH
AEIZASN, BREZWY BTV TEOMES DL
b2 L2 EEThoH, HHMEHRORHRE DT
WAHDO KT ORI 7% L, FFHIHBLEZHRTH
5.

(3) HmaEE=R

MR DTG HBEED 7 T e VI EF T2 b0
Thb., AHMBEHEID BRREL L -ZERTH
D, TEEE, THE, DESCHIAEICALNS. BN
WALz ) BB SN ) LTRIMPERET S L h
TYVHERL, ENHRIE % ) SRRV RET 5.
CHIZEDEWEBGICEL TW L0000 5. #
AEERIE T TRV ORERL SRR &6 7 F7

IME, XFZME, A A =M, VT 4 =M
EICEHEND . HREIZIE T A A7 — /MRS,
INF ZUNMEDSES, REVE, VT 1 = —/MEDNIREE, 7
T EMERIPEROSHERE/HOLEINTWED, h
SVEIT KRS ED L) BV DH B hIIARPIET
»5b.

(4) AIvrIiviERa (X)L IvhstR, XIvrILiiER,
PI% 1% )

O Tl OMAMAL T - TR oA Tl
R CIREZHMETH D, HaMEERE ERE 505
BRER I XM OZEETH 5.

3. FROKE

FIE, WK R OMFE LB I LT ARE & E AR
DEBEARRMAENAERRAED D ), TSI ORI
ANIE) DV THIFESIAL L T 5. (KRR O#RE LRI
DN, PTHe b THICEELOMKERHEEE TS
. BN T T (A4 R), WEESW (T b)) &
ELWE D72 HETHRIRRE 2 LT\w525, b M3k
IR % B T > T A ME—DERE TH 5. FER
MEVE JIIRTF, EwE XETE, MBI Z L TR
mr —FBIREIE LT, T2 THREREZ L Tw»
B AR BRI T 5. BEAR O R ENC
e S MAEILIRBOS SRS 2 25 2 3UE £ o 72 < ARIR
HiIZ BB 2 <, BT 7% J9E KU C OBl i Td
B ST CHit MY O+ AL EEWE I3 7
LFNA) L THE. B X RO SN EEILEH
5 DM ABUR FEEOIRMNE % Blfs S, 2 ORIl %E 2
BRI AZ R T 2TV 3 ) U5 S, T
B 5 K& IR E A 725 BERLASB 1 43 TRRI2 T T L
5. i, e ZIEHR TROWHMESE L 5. £
MATEEANRE D S AN & M EB R @ X, B
DI & A Hz J§ L8 DU % ke & LARER D ik 7 Bl v
TW5h, 2VEXCEED L)L TIEDIERT 50
THH ) D ZIUISBANFE ML PG RRAE O B DT
THEZ 5. ZERARREINE A ARAE B T — 2D B3
PEGE) (M =X R) P TREOIGIREICH 5. %
FREDIEE ST F 5 LML S 512G L TZ DD
MR 5. S SEMIEOIFH AL 2 &, €0
A DM XIERR L T Ems 4. 20 X ) 12K
TR O IG B OAZE TS LR, @, DGEIR
BEOoTWEDTHAL. HRBEEFMEICITE-7<
A REARRE S 20 o B AR RIS R L % R
§ 5 RIEAREE M ILRARME O AEAE 2 BR 3 2 i A7
END, TOFmLIEATEHCTHHEZ DD DO
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DFERRTIE % CHEN AL L2217 Th Y, BET
IR AN M S IR O AT E SN TV D LW
STHBETIE ARV, KRG T, BRI 2 28 A
L MG, BRI LM PR & v ) Fe Y 70 B
fRIUTRIS R, REEFINIETDZ0 X)) ([ZHH
LCWAERIE, 22E 7y 7R KR ERDH LN, Th
ERLEWTH B, L% 5 IXHEEZE O & O D FH
BT EIE 2 W25 TH D, MREZEA 2 VoI
EWERGIRI ) 2 WD TH S, RIS EAFEALE
AREI L T\ Db DI, K T L2, BEM
Bz i 1M DAV CRIZSBARE LI ASD B D13, M, &
SR TH D, IO O TIRIMEIEOA TR L, O
ik, A&, B, B, A SIEHLTERER
DEFEHZ L TWwa,

4. EEDKE

(1) EO&E

BATH O J2 8§ 13K IR TE D wo 2 #iMETH
. KINEEAMEEE BN OFROFEHIEE 25 D b
DR =H5D—%EOTn5, RE, HE, BE, B
iz D) Lo, TESEHEIZERT L TWLZ bbb
M5 L) ICHEE D S KNI A B BHEIES (, b hxs
DENSH] EHEZ SNIEFOEREL KRBT 5%
TG & FEo T b, IR ISRRFAG IS F ) S
LZWAMGIROFE I I EE LB E 2 L Tnb BAE
ZIR). EOOYSAS S, b POKFHEHEETEXS. L
LD E A4 LTV 5 DIZREEEOREETH
5705, HEEREICLVBEEFIRRLZ0MEIE-E) L
v, ZEOME,SIMEDEBIEZET I LICL-T
MeERHIR 2 Z L dmbsnTB), ThiZidRY)
E- I NVEERCHMEIBELG L TwD (HRBHH#
15). ZOIMERHEIE VDWW LIRS Lz s &
R, HICHEN-L ZIRIBERTHS. LEALID
R E— FIVREVECKHME I AR D 5 & X |128E
THMMETH D05, EFRIIEIO L) 24k
BETWRWEEZOLNDL, TNTRAEHOHL LD
87 SIS T AR ED L) BT ROTH S D
A FEFHIZ IS LTV OEFRIREMRE Tl 2w
MEHERL TS, BIZERAMRESRE T 52 EIZL D
T2 i I CIMASIEEASEE 2 2 2 & %, BIZghitia =
A7 E ORI CRGHMEICBE T2 2 L SR
NG L TV D, Z ORISR A TRy 2 15 s
BRI -TWDLEELZONDL, IhETHTLIMELL
TIET v NN R B I C O I H ATEI S A 12
LFDRET LI EPBEIIERENTWS (Delepine &

Aubineau, 1997 ; Asztely, Havel & Ekstrom, 1998 ; Schuh—
Hoferet al., 2003, 2006) (CHA7 — 2). F&HIE R A L C
O RIS IEARFEVE M4 i Hh OIS & B FE % BT B CREM
L7znwEEZ TV,

(2) #hERREHEMERR
v FOBEBIETIZET L ) R EIIEDLLOE, #&
BREHI>Twab, LALZORFIE—HTIE R,
1. B9 LwvwiEn
. ARR RS
. B (L CEHAE)
LWz b
L Ans
L BERICEIIDTONS
CREICRECAS
LW
. PR
FEWH
L TNV EHRAZE A
BRI 70 v 7 CRIEARE)

© 00 3 O U1 B~ W N

— =
&= S

4, 5, 10, 1130 SR ILR Tl 2 2 R
JBT, 1, 3, 6, 9 (3 HEIZEEAE M E IR TH
D, 2, 7, RIEKEMREONFERMEOHIHITH L. 8
DFHIZEBFERGIENICLE) oMl Ebh
L., SOX)ICHMBEENTEHDOTH 3ODEFENDH
B, KIZ, TOHROEEEFURPEMAEILRIZ O W TR
5.

3 SOV I R O BT % B9 2 (21 B T B2 R I
BEOMRLEOHEEAAT K T 5. HHERFIME %%
FL LTV 2 DI =D ORREHRME, 28R L A AR
M, EISCREARRE IS ILiR A & R ECHMETH 5. 1B
EVCHAEIZZDHDE B Y FERIZEEZ 726 THIMT
PGS HHAET, CHHPREST L ERMAREE 25, 2
DOFRFEDSEAGR S B M PLIR BOC 138l 2% SO M ik &
Wb, EENORFRESL LRSI TEZ S, 20
R AL ARG I e P CTL2REI 5%\,
BRI RE 2 2 BUS I M IEE, 559, VEBRG
Db, HEDZOFREMGEDE T RLT, B
FEDBREVECHRMEATEE & 3B IR UL & 13 g2 D b
DY) . T D=2 DR &k 2§ Tl LT
WB DI, FTRTCHMEE V) EARTD o &b MV
ThHHEV) LT THA.

TIVA—NVERAIZDE THEDVR RBDS, T
TI— VAL ENTTEZT R PT7IVF FIZX B
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B2 2 8 % A2 EVECHAE 2SR B S N 7245 S 2 2 3R I
BB R TH S, TIVI—)V T Fusrt—+&

(7 a—VEKERER) LTV Te FFe Fasrd—
+ (aldehyde dehydrogenase, ALDH) 2 X > T7 )V —
V=7t s TV T FoBERICRILS N TIE S b
2%, HEfEO T F 7V 7Tk K (CH:CHO) 33875 Atk
WETHY, o8 N BEOREEEHD S 5, AR
Lo TIIREUWE TH L. BIWOIIKRDREZITHIS
NTWAEERILVALT VT K (HCHO) b EMNIZIEAT S
RTINS R AR . HRATT Va— v %
OBN, TR o TRAEPELSRLAN, o724
T A—= VDT A% AOEAEIZ50 040 0 10& wbitTw
5. BTNV PIEEEMICRE > T 5. S
FATETRSA T3 TChb0E [TV Te F7Fe
Fayy—¥ | BETOEERF T T = (G) 2%
PRERPRETTT=r (A) b o722LTHhb.
WKL 7 7D WTIETHEY A 7OEETFE2FF>oe Ml
EAEOWR G, TRIA T ATRERERTI~2T
FEHOT VT OEMTREZLHEEIN TS, Bk
WADIRZ D ERD AL EIIIHRABEZ L H LD, T
NIV FYTHIZHAT VT R Fa iy —Eh
B2 ETIERL, I VAR TOMNIHEI Y
0V — LRALR (MEOS) DOEEZEDYT IV — )L DI
WKIB L THWZ 06 THD., INEEWR E2HT 5
BELOTTERNTIVTL FZTTRL, E2r0r R
ERLGMLTLEIZ LD T VRABEL LY
A DORFEDL T VEEKICR-TLEIDOTH S, £
72370 — ABALRDE  LIHFHEREOEETH L
POHHENOEHLRKELL>TLE ). BlHIZIILIE
EICLEIPRVIITH .

TUVFE REZFTRL LAY IV, ka b=y, +7
A & » AP, vasoactive intestinal peptide (VIP), calcitonin
—gene—related peptid (CGRP) 72 & DALEARE XA 7L A
y — 7 EORGFAL A b R LA LR 2 5] S
9. INSOILFEWE ARG T4 LR TICH LR
WAl (A ML) O eRS I USRS, b
L7z 2% 3 U MREVECHAME 2 18 L Tl i c
BAEZRZ (K7 —4), MEERE» ST X8 > AP
% & OALFREWE % i L Il (@) & A LR %k
9. ZOBRZERITH SN TR IERISLF LT
bHb. ZOFESRICIIEAG-R HH S ik, 50 E T
T 5. MM Sl L2 A5 3 VI EE
MEICDIEHL, MEEEEEZFHDL. APV DB L
FHETH A, KEFEIZI0~205% 2T TY v 812k
WENTWL DT, AATIEND L) BIBIR D REC

b LIRS, ORISIIENE RS Tl % WO TRR G
WZHARTFEEZ D /S BEICLDILA S B,
RSB 2 A8FLEF B O LRI O GEE 0K
FLH15) (LWL 7 — 3) ICREMHICREANLCHEH DT, 25
SazLTWwWiZ &7,

BNE | BIRBMR MM ERREEORERET
DER

1. MEMEERIZES L A

NELFER A7 1% & R AR BE L UL & oS It R
KPR, BEE ORI AHRGERM A8 L
o7 =< ThY), ZOMEIHEEERKF R
B (FESOBRFHE4&S5) LLTHRAMASRTVS,
FHLRZOBFESHEL TV &, BHEICHEA
T2 &, DTRG0 I 25 RBEARE M DU RHE O
ANHHRE LI ST B A%, NEMET, |3 28 A L UAR
FRHE N 2 C R A REAE M I P FRATAE DS L & L
TWh.

N REIWIIENRD Z LA, AL L TR
T 20 TR T A 2 e TEZ, LA LWL HEA
B, PeECHETETD, ANDILITHEEMED £
TIEAERLZIEEITE LW, TV EHlICEDLE, W
{ 542.195%F 0 XA — MV & 2B 4 THEY 2o
THHETLENL DO TIE RV, ZIULOMiEEEZ )T
= EHZDS ODNETT L, WA ERT 5 L
(&0 AR B B TR ARG IE D el & 7z <
LBENPLTHAB.

TlE, ¥H)LTERTIENLZDOTHAH) 0. i
IZOWTHRARBFNIHA DI DOV TSN TRz,
BREGOMmBMECIIRE L 2HEDY, I ba v FYT
(28 Al 2 R U 72 Fae 0 7 IUHE 257 BE 22 52 7 #Afe
(Type 1, #f, MEMKEWY v X2, I+ 70E >
DL L FArzemETnE) &, I hay K 7k
D7 CENVE VERIC X B WSS 22 UHE 25T RE 70 3 i it

pik) 2T %

RAJEH

; 3
e R - 2%

7—4 ERETCREZ 50, FET, VEOHET
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(Type 2, A, 3427032 HAZHETHY
5) e NG. BT, HABEOHITTEEIIHK
Bk, HEHVIHBOAN LR L. <7 TI3REMA
T, LI AFHWATHL. ZE~ 7 adEHiiiod
BRMHAFELTWT, I ATEBRENDD LM
BELTWARLTHL., T v NCTIERATIEE R
BIEEHTY 7 A HIEART, TSI E i CrilL
BTHERHrORoTwh, Lo Le MM TR
i, HBOARE W) 2 Eidm <, WEIEHME L BT
WMMEDOEAITIZIZE0% © 50% DEIATH 5. HHIHEEO
RHT A — F THEGMRAEDOEEDT0% L. EE LD D
AR, RIEHEET CHICERHAEOEE0365% 2L L
D7 —ARHEENTWEDS, v h—h ETIE—i#
T b WHRAE L BB AIZIZZFAETH L (B
H%, 1993). —#BYI1C, L —= 72X B
OB L Cid—% LR 2w, LRt k)%
1> 72 AR 2 A F D X O BRI ERI BV L&
ZHNTWVAE. Bb LAV LKL AHORRME
RELTVDDIE, HEXRT2METHL. 2L 2T
TR % SR B R 2 YUl L, ARG % SCAC L T 2 fiE
THXBET S L, RpEamitss. ZoX)n ey
5, MAML—= Y7 THHBTHAFRHE PL—=0 7
LEEWEFTIDIZIELL L, LORGTOHATHEZ
HEVEVIDOPIELVDOTHA,

HAERTHENLVDIIFE ) LTHEOMPIZD W TIERT
KL, Ty MR EDITomEMIE—HHR ARG Z & %<
HBLTWwa (ZHEERLETTE L, WRT A2Ha
WSO TW200H5). 7y MEBfHIze b
R0 HEF, AfMTHE. HBICLBEHFV/-E) T
WHTHHIZD bbb d “EITRER Thb. 2
N TZNIZ, succinate dehydrogenase (/™7 FEliiK &
BE, IMIYFYTHBECHEEL, INTBr6 73
VBRI 72 % 7 TV BRIOE O —#E 8 T, NAD OR5-% L
(IS 7 T Y EAEANEEKEOIEBEANE Z 5 i
—ORARERSTH D) BB ETNTVDENS
EEZLNTE .

L L, FHHS Ot ORF7E T O LA 3t 0
RED B R & 570 V) RIS REAR AR IS DRI AE | A ST
ENTVWBEZEPHLNIIRY, HEBHIENZ VDI
NELP3 S B C SRR 2 I PRER BOS ASEE 2 % B A¥ v T
WBZDTIE W EHEE L Tn5.

2. BIXRASREMEIRRERME & (3
HAMRE IR & < ST & RIZCREARED 2 DI
SND. HEMRKELIZE 572 KA OEE L ERRIHE

BTAfEThY, BANLZEELLTL) MiE, EE
\2H ANIEOENN 208, 2) Pz SR % 2% 5 I
ERREOME ORME, KEFICHEEL T VER, it
MROMFELEL, 3) CIREEETIC S 5 50t (MEEAR, 7%
BREE) REEFLC BT O, % & Ren IR E
LHEEHEIIRINTVELOTH L. MEOWAE LS
CTRIMEICETAZEICODVWTOREL LI LT
5. b MEBEZEOME, VBN, T
BOHMEFTH ) BIZEMELRITE 72w, 2
O B8\ AFAE T B 2SI o A B A5 L ARIR R B ©
HbH., RoTVWTHRETVTDH, EFHLTWVWELEET
b, KREZERICRE ) T4, BVESEFEFLTE
ORLGALBATHREL TIFE ) T4 L, EINITE
i 2 UG L CRILA 72C, BRI % PG L TRIRILTT
) T 5. AR O IMAE 1234 A VR X
HiCThb., BURFHIIH L METHESEVRIELEL S
&, SRIEA AR LA LA FAE & LS L C R I & AR
L, Si& U 2 & S IARE L DU e o L 2 HH)
TAHILICEVMBEL RS E S, MEOPIRIC X % i
BYERTTHELS X 2 B 2 CRARIROE T A I A b %
VeI, BITMETBE S THETT S, 205
MR D T 72 R D Th B MBI ARE, &
TS & B & 0 2% IR | DS IBANARE 2 & e E 3 5 fL 5%
WX, ENnEN VT RLFY T ReFVaY) T
HY, FLCRBEMFETOHIV— FORHETH 5.

W OEHmOME X, RrEE (BERE, 7)Y
LTy, TF/ vy, ATP, 3L, “EbiFES) o
IR IEARREN & ) AR S B SCBAIREREIE D
SIS IHEMFETH V), IEMEOMEIXIZ LA LW
(2 TO ) ANEBYES AR L RAAE D
VW CTIE19704EBolme FE 1 & D) #il S T B 2SRRIV RE
HTHo., b bRMoBYTRIEHILTVEY),
D &)\ ERFOME IAFEEICIRT 2 2 132,
HAMREOKnE W) DIEETLABEL 2w L %
EREIZWND & R O M SRR TR I
PR L 2T, FICHONRHBED TH L bk FEL L
BRICE VIR T 2 22 6N D, —J7, EBIRIZ IO
B2 & ) IEBREAS20~2210. /53 (R 51%) 12H
mL, 5B ED80~90% M ERKFICHNS & 9127k
B L UimiGHE LS X & IR A, sz o sy no
DR L, Febeh 2 B 12 & 2 R o I pi b 7 &
LT, fEHPRIALAEEZLON TS, 2Ok &
VAR L AR SIS S & AU 57 AT S L B
EREDLNDD, ZO0LHIZEO6RTwARW., ZOH
FHUEES) IS & 5 T oAV F— 0 2 2 Wil 3 2 720 12 KR
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D72 FHHOEE 27D NEH)ICLZOTIE RN
MEHLE SN DD EBIIEDN TR\,

M IEME R 121X, BRI Td 5 I12b b 5§ R
PRI M LIRRRAE DA AE L, THME 2 & ORI & 0 )
BRI IRRD 2R 23 2 L asbh o7z, IHEIC
GBI L B 2 D55 545, W 2RIz
M PEERAEDAIE LT WA, B IEF#Ees 4 L <
WABBIOMICIE V. 202 &R AR I A
BRARME D TEAE ISR DA L ITERIERTH D, THIEH
— R RSB RE P  E IRRAE AL T 2 e s
GhhH. ZOLE)IFHERATENL) L) Burdiud
MM I3 E NS L CIHM AR 5 2 L S EETH
B, WS 22 LIIENDRNCILF 7V T — 2 g 058
L ChifEh sl s n, ZoEERFET T4 LR
bivs,

FEH OMHFIIRIZEANREE A Lo M5, MEE W, B
LRI B L7278 Ch 5. & M ZEDETHAL /-
L AR B G LS D B AR SIC I3 S8 A A DU A AfE
OHMEEL (AR DAL DR EPECKLAME 3 4 5 2 I
HIHFELTWDLDT, BREFMEICHHD) THD
A3, R HE I I & 5 A0 1L LA A L2 2. CRIIZR
B M IR FIE L T b, COFFERGEHL
72DHER & GO T FETEE S OIS OWFFEAE R T
b, T, EEEELZT TR, OF, OE, HE
i, WERE (GHTMR, BT, SASREUE ORI,
JIRAE B 12 B 5 B B SQ At 0 A BEBRRE (B 9 2 IF 78 % 5k
J, ShETHERELNLVTEZONTELILEITKR
ELEVWEHLEIEEZHLENIIT A ENTE .

3. BIREAEMELREEDORR

B2 AR XA AR & P 2 T4 2 L%
ZEnb, LK, JE, B, BEELRPMERR 7 & Tk
e & FOGOVER &2 § 5 Mt v ) A X = TR E V.
Z DI OLEMAEN D B L T HIITRIBEARE D B 5 72
5 EERENTVWEZENHY, MFEOEMD KK
DFEFITIIME - 7250 WAL . BRI IR SRR
M OBIIR, B, HE, ARAERRREORAIEEAR 2 5 Fi
FIFAEAH €, —EMRES =2 —1 v 25t L T
D FE R0 BHAR A e I8 & RE AR B 2 A Sl L T v
5. RBIZCIEANFEIZB 9 2 W78 T A 4 7% D 13 Claude Ber-
nard (1858) 4 X DHIZE A7 — (BE) &AL 7-&
&, MERWASEINR 2 5 L FFFICF TIRE D D DA
IHID ) BIHIIC R A L BBEL, I
e A LI 9 5 & MR 43 b MR O SERIfL DI 5 2
&, FEFEME O, EOIC GRS R

WMT 5 EFFERRIBASNDL 2 & 2 EiE L 72, Claude
Bernard (1885) (X 2 DFERD S, Z ORI IIEE G
TH D L7z, F 72RO IR I % F B R 7% T
BEE5 2 LJEIRICRLS D 2 DD, FRIC X AHER
G CMER 536 & TR R I MR UL D 2 5 Z & 256
L7z, 20 &) (SRR R BRSO X 9 7 53R T D
ML EIZE BRI L DG b s 2 LA 5
X% o TWA. Lo Lol Lot o je g 2 i (2>
WTIEEF o Vo TR EIREEIN o7z, B
HIZEODdH 5 L BbN DD, RIZCEMFRERMED A % Hi
KRS 2 JTED o7 2 ERRE V., Bt s
HTIRE OBRIGEDS B o728 LAEZ NN, £
OEIIFRMRIIL F o 72  Z AR OMAMEDSTRA
LT T, B ORTEARE & R 28 mE (50
BAE & MAEILRMAE) LS IR TuwinhbThsb.
JHH QR FEHIAE, B CEEIR O M8 TlE =3
FER,  ARER R ML TR B RS DR FECHAME AT
ALTW5. BEECHHME DB 3 EILR L E RS
. FOOIIREIZEEMRE AR RBL L) & LTk
FIBT 5 2 DT E RV, BEMECHME S 5 I1ZIE 33
BEDRWE D% 200, 20 L) BBl CEIEE
ENDMERKCEBNT L DRIATMETHL., 22 TEH
FENTZOH, EE RT3 % Koo (hak
PE) (CESRE L CRIZZ R - B S5 HiETH
B, ZO=J AR — RIS EANE S AN ERR TR Z 50 &
AWML, ZOMREERE LIz &I T o7 ARTH
Sz, FBHEDIE, FNFE TR T AR & ORMRE
AR L 72 & 310 2 2 8 e i E L T
DM SFHNE ST 20 247> TE TwWiz, £
O e _EFEANRE RO IR A O SCRC I oD K i R0 i e
FERLSAET AL, FE L AR OSTEE TR W
DIE, 13, RATMERRKISS ALz, 2ok
& DI % G 7oAt A, = SUMNRE — RIS DU 2 B
BSEDL X ) MRS 5 2 &L H
ol (FEHEOMIEEIT L OXH, HE#27). 20k
AL TREHER WA Z LIz kb, FHEHA L EEIR O
i, VR, O, MolE (F&EORI & o3k,
W), WEERE (BETRE, H M) (EFEOMREI Lo
SCHK, BEFMR - HRRR - ) SRR o ML R AL SR
(FEBEOWMFERI L Ok, V), il RRE  GEo
F9e 2 & OCHR, eEEE - PRARIED), THMRE I (FE D
Whge 2 & o3CHk, W) SLREE (FEZoOMRI L0
SCHK, RREE) 7 ST B RIS B OB 2 AT L,
Z S DAL D HMILAE 7% R A& REARRE I B iR O it 3
a2 Cnwa s, Zodikigr EEOMEI L
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DOICHK, PAHK) EHOPICTHI LN TER. kN
8 —1ICK/RL7z. WIgESR & Lzoid, £ <143,
7 FTWRbHo/, b, F, £X, TLVEY D,
T WY 7 = AR — B SCREANAE S 8 A S
72, ZORRIZIEAETRTOHY TR 2P TH
52 ERRLTVAD. TORIEHEITR ) Rl E 7RI 2
LI 2 2T, £ OALFREWRIE T £ Fvay) v T
1& 7 <, vasoactive intestinal peptide (VIP) 7 & D7
FRTH B EPMBALTFHIHTETHSE2IZE AT
5. COVIPEA =2 —0 Y57 EET HIMEIET
% (Uemura et al., 1986) Z & X0 THJHE 76 4E 12 B2 &S
MO IMEN RS S L Tw b5 (Gardner et al.,
1947) H3EN5 7 & L CTHNIILAE C OIS AiHE D BB
DWIRBEND L) IZh>TETWA,

4. BTOXBEFEEBIZBEEDE S 2 H EFE
(1) 5 3RT & XBMEERITBMEE OBEET
ST A DICIIEELN H D

VAR IR, BBV ERENDALDBLLEL,
ERICE S 2 BATADZHIET ST 05, EORL Z
N DIZHEF T TEL DS, HThZ ol
HARE, A bL A, g, A%, HER, MM, a1 X
TH=), ME, TUFICETHEETHL. bEAHA
HHMOFEETH-TH, ZLOEREVHELH-> T2
BEWRER - R THLOEISROZETH L. Ly
L2Ass, BEMEE, FrICRIZEMRRICB T 278 % L
TWALEHELTEEEL LITAZ LS A4H D, fFlz
RO &) BB OB D 5. I L B AR AL S
NTWT, SEARE & BISCEAFRE I & o TR S
TV 5. BREARE I SRR A A, RIS A
(SRS ARV L LR AME DD D, Z 2 hum i I
#i, PLERE LT\ B, SO o B L3I U & ke 2
L, M AMET T2 2 &5 04, eidEn, g
JEARFE O B X MEPR AR S L, MKA 8y 52 &
oMM, BRERIC L o TRV, MUCRIZEMRE % Bl <
LI EDNHEIZECDOTH L. 2D &) % =Bk
EF0 RT3, FMBLRT VI L6 RRMIZIE
ZAF AN SR TV,

Lo LEBRIEZNII EHEMTIE 2V LERIC L > TD
R B, ARSI 134 < OB BT TH
. HMZEIZ S b b PRt X (F—XA) %
LTWa 2 eI ) mEmES MENMED TS5 L9112
%o TWbADTHAL., BIFIMENEL, FEFTIm
Bl E LTWwh, 2oL &ICIFRIEMRE E 572 <
BIG- LTz, (IR GE D S 72 MR 2% WK O 47

8—1 N FTWITEL T&72=0ik— B DU

DEICRS T TOWEBRRTHEERR L W, KREIIR, B
Wk, MEPAR, B, MR, ¥R, KR 580
Moo T A, SN EIR, MERIR 2T 72 B SCECER
fiTh, EMMELZOLPIML TS, L LAEIK
JEAIRE ST & o 72 K v, SRR DY) < & ImAE 13N
fa L, FISCEANREAYE) < &M IR T A & v BB
BEWTH L. FPIHRLERAZOE MIHET & &K
i ESAAARSNTZ &%, SIS KD ML T, &
Iz FiFs EHHLTBY, iz BT 5 ORIz =AM
BRCTHLERBLTH LD, NLMENTHD. BIK
BRI T OIMAE A Pk S5 X 13w,

(2) BMIERFOFEREE U > NEBOMPDEE

vt OFFE SN & BIZCEARE DN T v ZA DAL
X DEET 5. HIMEROFERERE ) > 3Bk I D E]
EDREEMRED/NT ¥ AN END LHPL TV L%E
Wi (BRI E DD RIS OBSE) O IZH
FBHRCTH AV, RAEARMEREMEL TS HE L
T, SERERIIAZEARE, ) o SERIZ RIS AR A %
FTWwd &) FUIBWAZE C, PubMed% ] \» TEndNote
THEWNA O S % Bk ER (granulocytosis), 1) ¥ 7VER
(lymphocyte), 28 B
#& (parasympathetic nerve) % ¥ —177 — FIZ L THRE L
THh7z, PRI LT, TTELGmXIEML2%05
7o. RO OFL D —HPET Z L AT & 72 (Neurosci.
Lett., 320 21-24, 2002). Z OISR ERCTE ) > %
Hoe b (FVv—71) &, SR TEK) ¥ 5oL b
(ZV—72) 1Tk L CEKMBAM  (electroacupunc-
ture) ZATo 7z TOMERERE D) VNEROBER O %
B LbOTHE, FRICEBEZV—T 1 IZEEH
AT 2 AT ) LRERERDI L K ), ) Y NERDBD R
B, TV—T 2RI L %R, ) YD E L
b, MEICTEDLETI V=TI V-T2 bEK
RUIGEART 12 &), FERERE ) 2 XBROENEDHEET 5 L
ITETHD. ZORFIEESHHAM I L O RIS
PYEE L AR TS5 2 E RN TH D L ELEL T

(sympathetic nerve), lIZ2EAH

(141)



24 Hiroshi IZUMI, “Human” in the eyes of Physiology

W5, AR AR OIEH Z e L T A EE NS
AbL, HEVICHMLRTOEREELETH L. BA
RGN B RS D X 9 48R CRIZCERARE 2 IRIG L T
B D%, AABRMEDR T AL D X 9 bR R ER
R UNEROMEI A 52 TV D Ok EBAPT
HoH., LLaDS, EXRIOEZH*EELTVWS
HIFTlE v, HIMEROFREREL ) > ERO ML T OE
B DI L RIS B DN T v ADEALIC X ) &)
5 L) ZRFUT KL FETHRIRR, ToXH 1
B O AR, 2N AW BARAE R % B L ARGE
LT S ERROKRFELRIETHY, SHBOMELH
fFashs.

(3) &#H, dLBL 54, FRHE

BAE, ik & RAYMFRCR OB % FEH L 725 501d, BH
I & RIS & OAMBIC O VT ORI UAMEIFE A L
v, R ENTWERDOP T, ZEMERENRE S
O L SR BRI N & & 24 L g, B2, U
YFERIL, INEBEL LD &RIREMRER G5
COBWLVRAZEL S LTS, BIEMEOR Y Kt
PHERBL TS, Lo LEIZCEARE DR ) B B RDS
A CHLNPICONTOHMIPME TR V. KETHILE
DR 2 KEEHH 53T TH 505, WA OB
ERIT M)A OS2 HNATH 5.

RV HRIMED 72012 b HAhERI L, LM 2
AV E, AomTld, THMEE EFESH LT
IBAEATHAE L, Z D) N v R CRIZ AR )
LTMEFMET T 5720 EHHLTWwA. Lo LER
1, YL CTRIZCREANED S L TR T 2R 2 LTw
HOTIE RV, 8§55 EICE)ALEIIRE S EIRE
RT3 225, 1IEH% THIUIZEARELME & FA
BHERPH L CHIRERELZ ML L) LT 2B 220
5. COBORIZEMFEOR X TRE TR, KTFT
B2 EITE o TLAA ML TT& 5 221 RImiEE %
WMLz bdh, B SADKFEIL, REMRERED
BTLTW2 LHIREREZEMEEL I ENTET,
WG 25 A3 B AR, KMz REITOTH L.

Tk 2B LR, B0, U6, KBS
EIHRHTH Y, TomFEBERTILICL), B
b RIS AR G & 5 L C I sl S URA % IE
BELOTWD ERRHMINTVD (LREL, EBEIRN
DL A, 2001). WERh, &2 ORIEAMEAEAE
LT, EXOMEDEL TV LD TIZFBIA
v, R, B, R % SO ARRINAE 23R
SCJEAHE DAFESTICIL 22 1o,

(4) NAT7 T 5 ERIME

RIS AN AR I I I A VT I, P T R I
MBI A, AJEERIE IC7ZTIC0M LTwah, ghiefse
(Erectile Dysfunction, ED) 7 & CREEIZ R 5N T 75
BB AR EOIELZS 26T THMOERTY
5. COMEPREFE L, FRMERICE TN LRI
MFREDMRER TG 2> & W HE S A LA nEWE (VIP) A%
ML O 528 Tadenylate cyclaseiih & #k L, 1ML
SEETRICE S Y R A vk v Y x —TdH bcyclic AMP%
NS CMEEERICZ#£2 9. 2 DcyclicAMP 1E
phoshodiesterase &\ 9) B 12 & o TH i & NS PLEE D
AN A S ) DS, N4 T 7 T ideyclic AMPO 53 fif % )
H$ a2 L&y, RREMMELREHNZMERESL L
W TEAHDTH 5. phoshodiesterase |2 IO FEF D
DEERDNT2HEZAHITHFIELTWED, N4 T 7T
I ZF D IMLE \CFF7E T 5 phoshodiesterase | 2 45 22 49 (2 &) -
IS H I ENBEDR iDL TV A, cyclicAMP
E7 FLFY Y p—SHKD LAY FRA vy Yy —T
HBHEZEND, NATTIEGOEWEHE LT, LHD
FEREHTIS R ENRIDDIEINR L L THD.

PRI V2B L T+ EO RO THAL T 5
D%, VIPZ & DACFARIEY) E A% R 3 AR FEE I8 B iRt
Mz & HERE L SR 2R L, FEfEEZ
3.

2O &9 I OIEERRLNGIHEIZ M, LI L) 2
FNHEMREHEE L TWAEDTH-> T, —HRIIERIZAE
RIZES>TRLT, PHEIFEVWKIETH S &35 DILIE
L w

5. BE&HE

e (snwkw)) L3, EYoftoBElEcT s,
Lk, HMELLZBETHD, v P TIEENIEEICH
EL72. b FoOSIE, R4 EPOEDBIEIZTET
BREREOHERT, EmCHO S S 28E
(R, B, BARIME) 2255 L1l%5bDT
bHb. FENET, b FOgFRIINMN, FE, WK 3 5HM
o5 LENz, L LEBSREDE O 5 E4%
HENEZEZ DL, C FOGEKIIING IS EHEZM
R TAMNT PN D TN PEY RE ST 5.
(1) EYOELEBSHRE

A OMIIZ B, ST o 72, BSOS WA, Wil
BNOH#EATH L., TN ERDO TR (4 684
~ 3MEAERT) ICELETOEZ TR R ITNER SR VIR
B (L) Lrgwd ) i) 1240, KpCidimes
T, ZBERHPTIRIMOKEIEL 7 2 BEORRE 2 J5E S &

(142)



LR KRS 30(2) 234 25

T LAKBET T CHEESOND X)o7z ZNHl
fBTHD. M IIEILOY] & 2T < RO M % 5
Y, KEEMEOIR 2S5, WK E 2588 & aWhhE
5l % HRDEESTE, TN TIIFEL T
Voo flifilde VICEE B2 o% C—loE, L
FEFEOMTHL., NHOMERREIC LSS LILo
THEASE L7z, & FONEOREEDS {idfioe L
FCRBEZEPDIZHIENTEL. & FOROFEIC
DNy =By, ERiciE—Eod, mikiicid
“MHOE, FEICERAODDNE Y, ZFLTHARDIET
Bl SN TwWa, Wogn/ sy —rL1FFFRLETH 5.
CDFHRY = VI RO T RTOEHWIZH TIE I
b, INOLORFEIHBOMLEEZF> TWEI LERL
TWh, B MTIRESICHEY. BBITE o 72720120
SHONEATREL, IRHEMESLK L TE 72, ZOK
3FEFEIZE DO THAT, Fi TES NG HE G 3
BOHER L ERY T, HrErLTEFEH
i BZEMbIENY, BHrEFRE2> )T &7
REL e o7,

v ho, BELLESH ) IIHT TG AR
&, TIOEHINZbOTHSHRE LFENS.
EOMEE LTWwWh & &, REHITTFEHTH- 7.
L2 LAEAL & 30 3RO 1 & S b o 7.
BT EBMICRILO Y, RS AEMRR T
HHMS, TS DOFRIFTTAS, BRFHICRSL I b
TEEDD M (R EHMHE) iz 5. 20
TOHSOEETHNT LN TEL LR, R
iEO72), MEHERAAZY, HBE LY, E512
BFRFEZAT) CEICE W E L DaIa=Fr—2 a3 Uf
WL > 72D TH L. b NOFRIIEE G2 TS
D, BRI AV B, TR, K
TR EIHEN TV A, BEEORE - ki3
/S8 — U ZHEo TWAD LI 12T A A 7 W ASHE b R/ §
T =Gt TV D, FNIEEE S, MK, MEB X
O (i) OEEILD S ) 2D TV ER ST
»H5b.

(2) REZWRMH, S DESHE

FRIRESRIL, FEEFINIMRZEY AR ICHR L, B0
WRZE LI TV B, fERI3 1) SEEMRR, 2) %
E - EEAEEE, 3) REEARERE, 4) (ORI
SAEL, HERRPMREZER L T, Z oMk e mke)s
MEAEECH L. 1) OEEMEEIE, () HEOEHE
5, B, K, B X OWE AR, Gi) IR, M,
SRR, EARRA 2 & ORIIRE O MAL SRR, (i) ™
B, (Gv) %5, 7, 9, L0 o &R O E i

RIHT 5. 2) ORE - AAFMHESRE, () 5%
MBI & BT 5 Bl e, Gi) B BE ik
L CI e (7 TNy N &~ A4 A F —Hif
i) AT 5. 3) OFEEMAREIRE, () KEG
FH, i) FAIERIEO7 FLFU v s, (i)
FRERARAMAEET (REAAE), (v) BARMREE, 7=
CH, AT VIR R EARE R R TR T 5. 4) O
ARSI, () D% LR 2 kEMRE, (i) KB
AR BYAR P B =0 KL O, (i) 4 2 DR KEIR
FRREET (PEMERRRRET, LRy PR o, T o P
i, KRENVIRE BIIRAKER) 2T 5.
COXIHITME»HIE, SR, i, FW, KEMmR
L ENENOMREAZEL S B BAI, 1IFE, THUE, MElE,
Mig#R B & R, EBRE, B XU, RIZCEA
BOBHEMREITEE SN S, Zhude Mo, WAL
E BT 28T X ) BHELRRE R R 5 7o 100
b - BELTEERERDN S, BERE N, Ak
(FR), NIED 3EMICH S TEERKET R/ LT
LUWMETHAH. DL BREE,LS L POBKIE=D
THRAWDIZGHET LI ET, IhwoZ) M52
ETEDL (M8 —2&FS—1).

(3) EBSREERROME & RiE
EZREIIHM 2 SIHICFEFV 26N TEY, 1
PO HE M-I THL. £8— 1S N~52(H
2% H & it & /R L7z, PR Ic iR S 05 i b iR
BPLTELHATH S,

S E, LEH, THH, “Oo0H/NG (VFEEF
X&), BLXUOInsom¥E, MK (Mg, ik
(=) #ERT A, FE MBI = >HOH/NMFT
HHTTIE, WEOF, BIOHEEDFEETO KRG
MR (HEmEMR) 2R T 5. £ R0 BOF,
SRS, & OfhEE GRIERRGRE) 2L, ¥efrdab
Ll &ICflibN s, FUEESIENED —FEOMETET <,
CNEWYEE, Wiy T 2 LEEMR GREMRE
DR RIMEEZTEET 5. HEARIESIEREMEDOE DK
MR EEET 5. COZERE—MOGHSTE /-8
B AR SO, ETESS TEZEE - MKk
GEHAARED, HEME 05 TE72EE - ARk I
D, HNUEES 25 TE8E - MR EMREO IR
FZUTWDHZERZRLTW A, BIZSARE LM & 1R
FEMEDSEHTI ISR DT & A L DBE - Mk CRO 2 5
T o, BEHROEE - MR ME 1IE TR THEIZIE
PRI M LR AE AP AE T 2 WA R L T b, O
O B AR AR M55 D BRARAE 1 = SR R sk B R o ok
RS C RIS § 5 2 LA 5, FHEAIICHT T 5

BhE D)

(143)



26 AR B2 RS /e b

F8—1 LD OIESN LM - IAhiE & #ae, ¥ x & Ol

g 6 ami | 5 ERSIRILIR

ALtk i s e F A (f)
) |k, THE, B (VFE, ¥X5E) | . . . )
518 = b i 2 ? - RO | WA
LR | T e ek oy SR | BomEE R |8 - EE OB | HE K
womE | FEG, B (77 IE), TR IR | IR0 2720 | EoRkls, B | BBE FHALA S
H IR, HaR, .
& 3RS | WER, OB, A, M M | o > R W it o &
%365 | MR, WOWOE, WA, M CLL AN T BELEi
FARS | wpoms, woRe M) A X, HEErIET S
565 | B, M PRI ANRE | W 2RI R

REDOMBR BB iz

#1885

(=R

()L )

~8 =
¥ %

8
mM8—2 MEHEOLEL
JEER B CMAEIIET 2 2 LR TE S, g,
v b ATEHTE A OBRERIEL, AR, o X
D, LUE, &, SRR, DM, WHSES, WERBEM & T
MR Z A Z LTS 2O BAREH - JOb%E LTwb b
DL EEIND. FOEIMEROMBINISH ORI
s,

(4) BAEOREER OMHEZEC

PR, [, WHEE, WESHICPEAES B EhenE - MLk 2
FECH L TV A MRS I AIETH 0, 12085 5. £D )
BB (W), S e (BURRE), S8/ Uk
e (REARRE N EAIRS) 1 —D2OMRE L 572§, #
NEN—DDFANPEE L DR LD > TV D, AR
(TR DR S OFH T, HARIIIRD 5 OBEIZE§
HIEHE, BRI E DS OFREMIIZZ T0DE, &
I = Mrde (BYHRANAE), SEMUidthiE (B HAig)
AR (SRR (ZIREO 2 CHRERE LA
By L, b —lehiE (RIAhEE) (3SEZ [0 L CHE & B
ML, HEH R (5T BEOHNAE B> T
HL2HE > Thawv, S5 OB i b 2 1
XM TH B, Lo LEARmmeE (30, S-Ehk
e (BHTEARRE) , SEIURCRRARE (HIEARERE) , 55+ Ipias
(REMFE) IR MR D, ZolFE R
7237200, BORTHlAY Ao oML E Lo
TWT, HTA20ML V. 25D 4 DO
IERETEHR L EEROM G EEZ LI EDTEL. 2O
4 ODOMFRIIES HROMBETH D, MBORHHRE & (38
LOBRENEL > T 5.

SRR, MHMAE D A (W) ol e, B

T D & OB IR 5, 2 DDEELRERE
EREoTWh. FHHEDSOWIZET, K% & OGOl
BB BARRIE AAE & R 2 BN RE DL RRARAE 0 SRS
TP 2 520, TUE & OMEZBICHE L Twa
CENAEE—IH). INOO/ELSHNT 2121%, 5
WEOMIIVTNOR T b AR L RIS B D &
TEAZITTWD EEbN D, LYo EET,
SE, WREATOH EVEFEEIE L L3R, O
NS DRFfIE ST =7 & OfE RIS X ) RSHE
CHAET 2 WE &R o T B I REEDTE .
FHROIIFENETRBIL TWD K1, FHE R
OBEERRE, TVE, 350 M (2SRRI DU
& BIZS AR B ILRARME DO R L RC S B T & & ity
LT&7. Zhid, BEMEOJBIERS ZHEZ/R L W
ITENLTAHERRDOLIITAZ DD, FEIEZ) TIE
. FEPIZHEEDS K DRE - MRS & EI5E
EMRREO " EXR - RO A ST TV 5.
LA LIRS oM, SLEBR, TR ISR O High
YBLCH L. ZOIOEHHEFFE b SBAFE D HL LT
HHERLEZONTERD, AIREMELRLD L
EDVHORIZ 57D TH A, T b BN - LEHE
O ML V2 A B B 10 5 DU ARAE & B2 e ek 1l 4
PERAR MO H C L E LR - AR E LT, 20
PR 1 BR80T 1 I B IR AR A DS AP E 2 &
CLICBLT, &, S, VEA X oM oMl
LOADRLICHIZE L T & A5 R, BEEICHET 58
B - AL C O | B SR ARV 0L DL RRARAE S A AE
T5Z L e FERNICFEATE /2. 22T, INH0HEE
RIS LIRS LADE ThD & RIS AR LI A LR
MOGHEERTHAMTLIENTEZ)TH 5.

BAE | FEARFRTORERIE

1. MERERT O EE

FH T IR O 53 IEANE D B & B ZE AR 0 BiLAE |2
LRI D, ZEAFE D SHERAEANRE, BIZEANRED 5
e (EIEAEOR) OB T b [FFLEL DIE 7

(144)



The Dental Journal of Health Sciences University of Hokkaido 30(2) 2011 27

WGBSR Z B MIRFH TSRS & Bl S o
CTEXREZ, W TOUMEETH D EER DN
—ITH Y, HREFICDZOL ) ICRBEI N TV,
B WE N % 5 8 72 BRRE SZRC O FR E 13 BUR T L i
ETCVWRVONERTH L. TobELMELORLMED
R (B 2 TR R TARR) A& T, £
BV W U0 7 & O B 2 2§D TH L. L
A LSRR & YU L 7R I i 2 (R 5 4 &
9 72 A BN 2 T b ST O W U SOE E E 5
72 AN, — TSI OSSN % VI, W U
WABWITMR 2 EMEERSWINIRI S, Z0kH %
FEERIL LR, T 2O ANTHE T T ioTnbs 2 &h
5, IIO OHLEIIRMISOEBFIHEISERT 2 b0
TV, FRTIEEARIIERIR IS L TED X ) &
BREZ R LTV DDA D, Z T TER S IS
W iE 2 & 7 WL EE D 55\ JE P B % SRS REARAE (2 AT
7oIREE (b= X A%50.1~1.0 Hz) CREIZIEANFREME L 55
WG E D X ) BB T B 0% iEt L Caiz, ZOkk
S, BB B VI 5 WA S5 I A 0 P BT U C
W A T A S LI L . S DR
(&, SRR | HR TS PO PR 530 2 B 55,
TS 1A R 8 JE AR M R 533 7 7S 3 R L MR 43U e X0
WS S A DR % LTV A ATREME DS E VW & 2 RIR
LTWa (FHHEOMEZT L oHk, ME#13) k9 —
1) . FEBRIZSRIEANE D R 5300 SO 12 D T
% L OBEENIRE DS .

2. ErLxs

ML EAIHCR ICE P Z P E N 2fLTH Y, AL TL
LIEDE I L TV AERLTH A T DY) & Rk E)
ExLTw5s. b MORBSLIICEOHRIZSH 5 HIE DAL
T “OEHR” Lwbibd, b M EEUGHIESLWAERD
M Z2 IR L TV AHIFFHEHTH Y, BTOEE LI
B AR FREARE O S REANAE & BIZEREANAE 1 X D AT &
NTWL, BILORIKRSEWIZ LY RED, vk TIEH
BThHrh, +a, T3 EEDR) v FMIOR
L, YFRERBAKRFOR) v MllZF > Twh, 130
REHOMH IHAHTH Y, EWEME) & SITIFRSL
B2 % &) IILIERE CHRY 5. & MEILTIIZRRE
FIFEDTHGTIR T & 2 BEFLEIORS % I S & THOR, BIZE
JEAPARE D R IR C B 2 BESLFE A % UK S & TRl 2 .
— M\ B A S O A 1 [R] C P Lo LT PSS
LTwa7s, HEFLICB L T, BEFLRORH, & LG5
&) Bl & OV & SEANRE, RIS T T
FPFESCC LIEEHUER 247 > TV ARG T — A TH 5.

REH AT EHEIR O T AT hu Yy 28580
B, THEELIERG AL A B k) CEBITER
MecHiERi s B Y, 7 bu vy RS T, bk
T CEES 5. BEILEORH Zoa—T L+ %
AR % A L CERIEANRE O F T L EE 9 5 .

TR & B BEFLOHOR Ml 1% 2 N2 A ARE &
IR TR > TWADEA ) A, HE S ITEAEW
WEBRL TV WO TZOEMBIIDIL v, LA LE
HH1d, SRR X o TR 2 EIEOKFE IS
BHET O EHRIZOTENE[MAT S, & MIES T2
D, HAEIHR), PR ICHE Lz S 12
LR T 5 2 L3RR Bl > T b, Z AU S IEARE
2SELAE L CRIBBE 257 F L+ v ohiesk LESLEOR
BB TEIES 2. &5 \WIZSEARE D B L C LR
SEREANRE 2 U CREFLHIOR 2 DG S il S 5.
COTODOWFEEEZLDNYKRTH L. LrLEED
DEBRIZB T, FHEAZEANRE 2 W LM L 724 2
T, ZAARERR L 72 L 2SR 2 A REFLEOR IR
FIREIE F o 7 CBIMRZR <, BIZRBMRED % Th 5 =
DUH =TT ANT 7 VEANOEIHIC LY ET R
A% 5 72 (Tanaka et al., 2005) (FEH OWFET & DXL
M, IRE 1), 3 7%bb =30l X 2 BAEIR =3
MREMBZICAY, TNHLLII U —TTANT 7
W ZIH S, BELTWE. 202 L, HiEw
FTLORBEMFEOBESZ T TR LD TIERVWI &%
RLTW5,

3. EXEHE—AEMRERS

WO 7 & TR S Nz & Z kgl
T EEDDLD, ORI =S — R R RS
EEZOLNTWA, Tbbilifid s VIR L & &G
P Z AR DOMEOMFE LR S L2 2 e &
D DN, ORI = R (i A TdhAd =3
BRI, SOICFEL VISR EMEEO R
HER) (CEEN DY, IhaSREMR, & B
2 % RSB 2 RFHEICEAE S5 2 L I2X o Tl
BB 2 BIfIASE Z 0, BIR O T 2562 2 ) Jopd
B &) O Z I ARE - REMERFTH S, ZIUIK
TRl B OBRIE ICH > TV A, Lo LEWEBRTIE
PLFLIEETIEZY (bBAAL PTEERNTE .
WOT, FLALOHREICEIBMERE L OEL N
F—FETDBLTWD) ., SRS X BRI E
ZENCB T 513 <, HARIZBWTH1004E 2L 1 al
CEEICHRE S Twab, &H (1910) 1%, FErY X%
F TRl = S O BRI TR ILE A L <K

(145)



28 Hiroshi IZUMI, “Human” in the eyes of Physiology

T A, T OSSR R EMFE DM H D LI T3
BRI e, REMENHS L TnRnI L2
HLTwA. #ICKumadab (1975, 1977, 1978) 37
R ERER A = AR CHEE Z 2 MO T A2 2§
B DAFAEZ ANTE L, T DL & trigeminal depressor
response (TDR) & #fFiF7z. & 5 |ZBlessing® (1999a,
b:2000a, b) (&, =ICARRERIEC & 2 MR T, &
FRFRE DAL (2 & 2 M DGHIEH A~ OIS 0, I
R, OB, BRBIILESIRT A2 EIX D, R
FIETH 5 EfEimoT T b,

FH DR —FREEE & FH TR 4 OB C = SOl
WS X B IEARE) & 8152 L CTA7zDS, MR B o
FEICE D EL > Tz, UHF, EIVEY PTIEHEICM
JEIRT, Zv FTIE RS, A3 TR, #m, L%
L EDRs%E Lz, 20X IZEWED T4 < [[—
DHETH> TOMAEBTORLZLILERT. TDLD
W EARARE SO, & S O SRR S CEY) &
CAZREMI 2 gE T L 2 T AUEMBC & v T S v (35
HOWMET LD, VE#H 1, 4, 5).

4. BET &ERME
EABETHRRLEIIC, v MIET D ERfTE o7
7o ICMEBEDONEAY R L, HIRBEREDS LR L7z, i
A D DWMETH L0 hb 5T, MGEE, &
Wimik, FFE (FRE) Bk OO R RRE T
1285 % 2ol TOOEEE R RS
{Teh., ZNIFE FDEHTH 5.

WE T RO #ORFEICIE 1) DOFEM, 2) IREEHM,
3) HEMPS %D, bR AT T RIE 21T
S TWADRXINEMTH A, WG & 1%, A3hes Tl
SHKGEIAEAE L T B AL e i 0sig L, R
PR CHAKIZR R S TR I BB & B S,
BEHEMNEP S AEE TREY AL T TORFRIEZ W
9. MHSEAR CHE ™ SCFHZBE5-3 2 RERIE (SRR O & 15
MCThY, HE L, IO, WERGEE, 5T
EICE N A RBMEDOFH TH L. Zh o DFEFHIEH
MRS, RAEMRE, =3RS, T AR O RAhRE & Bl
WFETdH 2 FMRE OB MR IC L VR SN TS, ]
EBEAG I DR AR, AT, MHEEAREE R
BE, BRIOZEZ SRS L, i b mfe & T
L7 ARSI (AR, HEE, Rk, kIR
A, H 31 DOURGE - A, REMEE (WWEE, I
SHIZo0AR), =30MiE (R 2 . 3 OHIE) R ERHIfTRE
(5RI 2 /3 ORE) 7 & OROMEANRE TR0 IUH
WCABL, =a—ar 2500 THIRZ#EH LR B

TRREZE LS. IR S M T K Z R H L C Rl
#5, SEAREEO BB MR ICEREZD ), WETEE) & 2
DEWET G E V). ZORFEOWTNAIIITLREE &
e LHETEELRIT. Thabb, BESHH, BE
FRE, BCBTHRAR, GEBPREE, RO Ehp—oTH
FEL e b L, WP CEFICHETREZ T Xk
ZF. CHER OB OILFEWE I TR v
APREDRTF KTH DA, TNHDXRTTF KO
A, EEIHRE = 2 — 1 Y AFE L T b KIREEEE S S
DHFARE - BT R EDBRFT SN T 5,

ZANTIIHE TRETIECT 00105% <, FRICHER T 7
ERNDES D7) B I EOEER R BB TE 1A
DHige 2 ke 2§ OPABEMEFAME T H W IEEFLETH
B, WRETD HAWICIZF LT, [EHNDAL Y ¥ Y b
B RY R RIER E TR S NS &, kiR ok
OVERIRRIC X D MBI L, B & B S RO
MY Sl o
BE RIEY

v N OEBEICBIT A KEDHTH SRR ELE LI
OWTELO TRl T AWM ZBHF LV W, 22
TR ORI E R T 5O Tlaz L, BAE—#BI

ZFANON TV EFEZHEAGDER T i L TH
)RS,

1. EMEOEIEER

v MO E R & A TRINORTEESE RIS
EL, NBSLLES2REIELHMETH L. &ild 5 VI3
BN C OEREEREDSEE S NS &, FiEEE (EHR
RS & RIGERES) LR - HlE OlEE R &
2D, AR EL, MW TIESED
PEREDE Z TPV, ERMERF O TR 5 2 & T
HoHH, BlrrEoLHicL ey, mrazfelL, %
W R D DD L) BARN L RHEEBRICOWTITWE L
TSN TIEVWR v, & Md#bTsZ &ick
D1) WoZFEHM, 2) —a—v o (ma—1r ¥
DA, 3) BIRZGEROLNE, i, 4) VERT7AF
YRR ORI, 5) MEEHEAEOZLI, 6) BAPEOR
m, 7) BRZEROMING EBALNDL DS, ABNE
EIRN e BAL AR BIREICIX BT 5 & Lk EE L v, JRIE(L
DICFEINTFRAETH B TV I N A ¥ —RIBEHRTH O N
B Wit D2V, AR IR AE AL o A BE LS,
HEIEN LS EEEAOMTOELE SN, 202
EDSH ST IV NA < — RUEEFHIR A ZE 7 & DI RE
ot DELE - SRR A FRE) 2 i OB BE T S ECHEE

(146)



LR KRS 30(2) 234 29

TdHsb.

2. KEYHEHEREEEELHERERAEZ DD
(1) NGFr##E%H8T 3

—MEHDOZAEI 2 O ML Y RS, SMREEZ L
THREDTER S I, MR 13 b & #8 TP iR R %
BT 5. ARG - BRE) & 8 0 IR L 72 fR 12 IR
(e 2 AL IE1E L ORI & RS 5. 2o
BREAS Y F T ATH L. ED LX) IZL T OERER
FAZHEENZ Y F T A DL 5DTHA ) H. L, &
HEAL IS ET LR T OFENDH L6 THL. Thb
TR T b, RO Er R $
KT Thb., HFERERTEHOBTTH o & bWFEDOHEA
TV OO EIRN T (nerve growth factor, NGF) T
HY, 57TEIS,00DXTF FTHbH. 457 OkEH
BEHEVY - LY =F2 ¥ VF—ZIINGFDOFHR T
19864F / — VAP - RPE 22 L7z, NGFI3 2%
iR R0 B AR S L O R AR C b B KR ML O T
%, UK, BT, HMEZZEICEEICHEEL, ZONGF
DI IEAHE R TR ARE DO MIFERAE 2 FHE L T B, HE
MR D 2@ ONGFAEES 0%, MiFEH ONGFI
FEAREN CEEAR SN D TIE %R L, AR 5 I
DAENTZHBDTH L. KIHMAEZZT T % MK T
LEFELRFEZ L TVALIEPFHL IR > TS, £
BT TR —EYF T ARRET D ERoa)
B =2 —0 v ORKEMOL T 5 — AL T
PREHIRE AL D 3A F U CAT MR B AR 2% S TR
Mg 3AL - B - OB 2 L TwsEERLRN
5. NGEA ERM < 7290 12 IENGFDO Z 4tk (L& 7
y =) BLEETHBH, KMTIIARFRE, 7a—77—
A, A RNV MNEERIS, ZOLET Y —0% HF
FELTWA., INHOMEKITa) AMERE= 2 —a >~
DEVENTHHZEHNS, a) YEF=2—0 2D
KERT L LTINGEPEWTWE I EAVRBEENS. L
FLOMIERZIE T IV I N A < =B IZB T, Rk
MEZALR 7 I U A FEEOBICHITBRLE D L WAL T
HDHZ LMD, TVINAT—IHIINGFOREFER T
O TRATCR Ve LRSS, 20 L) LR
FRIEHZEANTHNZLE o2 FLD, D0
BIEFFIZEABTBY, BEDEWZTTH L.
KRR IS BT ANGFOAAE T R E 2 ) B4
Za—B Y RIZOBAKLN, KRR TIIEEMRER
EBHEMFERICAONE LT LD ) AMEFE= 2 —
O YRTIRZRV., REMRIIEGRREDO T FLF Y ME
BEMAETH D ILAHEER - /LT FL ) o K —

RIS T A= VT IV THLH, FEEMERD
HCTIFICEEEMEICASN, T A Y APR
CGRP% E DML HAEEWE TH L. FLHEMR TS 5
RIS EARE L E A DS T ) R B MR AECH 25, 2
CAICIINGFIIAFTEE TAEBIER /R & 2\, KRR
BT 7a—= V7 I M= -0y, BT RY
v AP, COGRPYEEIME= 2 — 1 o 72 X CIEINGFIZ &\ 72
N, TS50 2 —1 s LNGFIEi] S EHEH
Z Lz, [/ DA T b iR & KRR & T
NGEOAEHWEH D DL ) IEVYH L2070, F72
ZOEHERDE D ZOPEIAHTS 5.

NGEDFE RLLFE, B LT a8 ioxt LTl E
PEAER % FoWE OBDS, W OPFEES NIz, Zh
(U, MHsRAREE N (BDNF) 20 =2 —01 b
074 ran) AEEESALIE S B I R
(CDF/LIF) 7% &05% 5.

SR M S FE  (congenital insensitivity to pain with
anhidrosis, CIPA) &\ 9 Ji§5 A H 5. Z NLIENGFA 2L
PR LR EVEMRRICOREH L, BIZCRANRE, EBpkE
RE R E 2R R B BREMIEIAIEH D720 5
FRMEETH S (Indo et al., 1996, 1997, 2001ab, 2002,
2009, 2010). FHZLD E B VIR A DKL WL
BHFD LAV, AT (nz 5EREERCHME, BTtk
TR DT & D DR AL CREE S CHERET &
WO A2EETH L. BT 2k TR
T H B DR EARENE T ) BT H D, L
EEWEE VT FLFY v Tl TEFLa) vy Toh
b, 2O X ) IR TIINGFIZRE MR & 2
BICE &, RBAERIE T FLF ) SRR ERME ISR L T
DI T3 b §AEARE T ) 2 AVEBPERAE I LT b A
fanst - B - MEFRFICE TV D 2 D90 5. ikf)
PRV TR Cd 5 WTREME & 58 ) D I3/NERFIZR
W EADPH VEFPRON LN ENHTHS.
REIHEIZDIE L W s, ZORATHALZ L
Dansh. BUERBIEFRAENTE L L1242, &
HIR A HIWEATITRE & 22 > T b, HARTIZ2004 < 5 W
DEENVDLEEZZONTVLEELIIFTHS., 20
WADFRKIERD L) ICEZHNTWAE, WFRRERT
(nerve growth factor, NGF) (i - i % {5 2 5 &R Al
FERFETT & T 5 SR OB - b - A OFRE]
WEEZHEZLTBY, HREEERTFZEHKTH 2
T v IAG
19864F-TRKA D EAL T I KIS AR DO DB ABIZTF & L
THEREN, Z0#, NGFOZHEOBIZTTHH I L
WEdoiz) L) ¥ URTEERETHIEICLD,

TRKA (Tropomyosin receptor kinase A,

(147)



30 AR B2 RS /e b

AL R B DR - LIS L Tw B s, 5k
RS TTRE O FBE T, MBS 52 U HkV 72TRKA
BT OWTICERDN D 572012, MREOFEHEICS
WCIEH R TREKAZ B 2 e T D id 2 &
HTERWV, $hbb, NGFIEEME= 2 —1 > D41 -
AT % MERET B RS AN IE R ISR T, AR S 512
LTSRS C B B AR L - EAF T E R WD
BRETHEEZ LN TWD, FEEARE & AR 2 Ihm
THOE, b5 b HE LR WERMEE (CRE)
Thh, EENTROMC, MR EEEE D2 /N ER
EMAECTH 5.

BRI IINGERAMZ, 7 7 iR+, T v b
B HREF, SR HRE T, BAmHsRREF, 5 H
RET-, BEGIBEER T, 7)) THBERE 2 L0
 OWFEREZER T OHFLENHMONTNDEDS, INHHFE
DEIBBEELTVDLONIEVEZHEICIE R > TV
.

(2) ¥4 IV M EEX

<A R N IR I RN O —EB TR O T ER A
HHINAEEE 2 D, BURTHE, WA, Sk, Wbk
EhOOMREE Y2, To&RFEa ) S EEE=
2—BYThHY), KRNMEEICRS T, #E, M, Rk
BEDLFEIIDIzoTWA, IS OMFREREEED 5
EZTHDE, A DN D H R E DI O FHIE D
MR RE X A L, FREICIB I i RaE D 5B % il
W B E% LB REMED T HV. JFiCe M T, il
DEYFEICHARDE EDRECFEEL TS, T I
A< —REHTIE, 2OEDP 1/ 4FTITHELP LT
5.

3. R

EILTE MIRAZDTH A ) H? ZOFEFREERIX
HETHR-7272AHH L, EBICLLEXON TS,
AR S &, AR, (THRE, WILHEONET
5. BTE, WA EREIEG MBI TLEREY TH
O3 L, WFLEILENEY CHEBY TH L. L
BIZEZ 5 L, OHOWILECTEIREY 2 & HIREI A~
DRI D > 7213 FTH 5. — ISR O B
R X D L CEL D, SRS LS AR D
W ) BEE L L R DB & QBB R 545, T
DIUTHEGEILIES 2 ), &EREoA R, &
A, RYICKHY, LIRL, HEWVIFIEATLES. ¥
WOWFLE T, EERDEIREICHEL T 2 F THiEEE
AR & o TR B M D e\ TV 72T BB DY
V. ZOEOHASEIIE B O AL F— DT A5

CHREVIERZ &5 &0 BEPHIZOVWTWS720T
3772 A 9 0, BiREW & % - 7-e SRR & %1%
B L Cid, FEF3t SIS0 2 D DR
HINTWE, SHITHREFIICIE, B2 RREI I
il 3 2 MR 25 B L\ ) F e, IAORIA % 7%
DEEZEICRIAZZEIZE D EVIFHD 20N D
B, WEHEFEFIIM2ERA R TWEIEZ 52 LIC L
DIERAEEZ 2 L T2 THH. EEOMEMRIZIE RLH
R LR (HIRWE) o205 L CT\wa ik
NNV A NE R/ /e AN

4. EMEIRED LTRE, A%, BETOD

v N ORFAEEIZ Vo 7w ED X ) IZh o TWEDTZ
B BHLAHAMEM - 225 - BEIKRMEE TRELE
DN, KWMEEICHERZ G2 5T ED L)1k
STWEDTHA) D, & ONIEZEDOE) X LG ®E
W, RN (&, R, EE), Bk (FUR, #l
IRTES) WagE (PN, A&, 8, AMICarsns
(10— 1). AMOBEHIEEICD o & b RBL 52 5
FERHIHER AR L, RINOMREEE) IS, Wil k o T
HEHINTVDE Lo THBEETIER V., BRICH S =
=1 2RDY, RIEE R KA IS L, TG E)
DUNVERET ALY, BERMER, HEz &
DEREICIECHG LTWA, 20X ) kit % BTk
HRRAIRIT R & VW, ALARERBHE LT/ VT FL
FUY, k@ b=y, BAF IV, K=y, TEF
Va) Y ENH L.

ToH = hiablatTob 7 7% (1964)
37y FORRENICE ) 7 I RS L, S
D 25NEARY] (A1 —Al5), IEFEIEBRY] (B1 —B
9), ALBARIIOMIZCHEY] (C1—C3) DPIHEATWVS
CEEFBRLTVS (HMI0—2). ARFNIIISMEOHhFE

X10—1 t ol

(148)



The Dental Journal of Health Sciences University of Hokkaido 30(2) 2011 31

KRk BENRE
#avra—L

A= U/4ERIZ(B1~BI)
(EEER P AR)

A11
A0/ iR A=
A9

A8

JVTFELF IS (A1~AT)
(HERHIR)

A7/ (FATIEERINER)
AG/HBT UL (FATIEAMRIMER)
ASEREYIA (FATHEEMIMER) FELF1Y(C1~C3)

(REEHIR) (. i)

c3
c2
ct
[N vy

R10—2 fxipNToE 7 I A

JIVTRLHU %R

BEHR
F v POWKE T I U

X10—3

ok, WMEBOTHA5A1 ~AIGEAMIT SN,
Al ~A7THFRIE 2 VT FLF Y AR TRHRAD T
F—LVATLICHE L, HHDOAT, BHEHIZDOA
6, MEEEMIMI DA S I3 TATHEERIHR IS L Tw
B. A8 ~AISHIEEIE F— %3 A A Tk P R 12
ME L, A0S ZH T2 =2 —a 5 F—
NIV E NG &, RE#HSREI S, B1 —B9
Rl b= R T, ORI L TH
D, Cl~C3MFEEIT7TFLF) v HRATE SRR
i, EHIITEBERICES LTS (K10—3).
TEBEROBERE 2L AREWH CTHET L ERD L) I
b,
(1) /7 L+ CAeR 0 2 vT FL) AEH)
=2 —0 r OMBAIEEIE - EMICHEET L. /L
T RLFU CHEERIE, RNOT T LAV AT LATH
D, PISNREED S ORI TR RIS EZEHR LT, &
R EOBRIRER, RE0RM % Lot A
ML RAREAE BT A 5%E 2o TV 5.
(2) o b= bR . o b= B2 -0~
DHMFIARIE R OREBAZIZ D D, WFE, DG, PR,
Wi, WixR, KB SICHREL, U X L HEH)
ORATHES), HMEER), ES)), sv—3I 27 ky)

THAEL, HEIREEICBU DM A 2 i) R  BR
(TLENFH O BERRBEMEO LR L L) 252, T17
PEAIFIIHRICO G LT 5.

(3) A% I MEER D e RS I Bk = -0 >
DML BUR TSV O RS FLEEAZ & £ D JE PRI AR AR
L, I ZITMERIEE L Tna. B - [EIRL VO
Hi R AR R MU O, TRV E VFfiZ2 & OBUR
THEROBEREICES- L T 5.

(4) F= 83 MEER 0 F—83 UEBE= 2 —1 &~
OO L AT RN, —EIEHK FTEICHAEL, M
Fefh s & ORI 3G L CE AT B 16 8 12 B
HLTwa, BE-HEERDENET =33 V5D
ThE, N=FVVUIEIIRDL.

(5) 7HFa) AMedh L o) MEFE= 2 -1 >
DM ATINEE B2 SAFAET 5. AN O~
APV MR O 2) AMAEEIE= 2 — 1 2 IIRR R
BB ARG L, B HIRE ISR ATE V. T
A —=WTIE, TNSHOMEIEELELTFVva) V&
DR - Wi .

5. A0fEER

N ORBMEENCD o & IRV EEE G2 L mifkiE
i — KR N — 28 3 P PEBI I ARAE, BUAALOMIFER T
H5H. PRICH LB IMBRLB LR T E
&, PNHIETRGE & o L, KBGERR, KM EOAR
e, 5B, AMEE AL TN TOEHMISHMEY %o T
. RAHIE L W) IREIE, ALOFIRE R O Hh TR TE AT
B L ZOWBE AT A — ML Ty — (HD
ZEAR) FROTWD DI, BIEERTE IS 1L 0%
BHRVWEFIIF = NI Y PEEAESN TR 2D T
BUNEEZONTWS, F—r83 V3N % @
WTERVD, F—r33 v ELEBEIEMUL T2,
HBAHTHLAY 7253y (FEhkeary) 27
Y72y IV, MNP 2ol 5. SRR N —
NI VBRI, R, PURERCT. BREA oSS E
(& =83 Y OBFEITEZ A LHE S UEKRE 2
TBH. WK%, F= %3 v O&KEIHT 50— X
FN87Fayy (AMPT) Zhiix5 L TH < & REmAl
WXL BHED BEICL 2R 5EHLEL W, ),
R= 33 YARDEKN THEELRIE 585—F 2 >
EOWEHINL, T K= 83 2 &7 B N —Shsiskhss
L b,

6. MEFEEICK Z8EM, RBEARICOVT
ALOMAE IS TS Z 4 C A HiER T, F—s33 > 2L

(149)



32 Hiroshi IZUMI, “Human” in the eyes of Physiology

UEEEIES:

Red=[N=YZ I F3

B10— 4  ALOFHE O F 5

EEWE &3 2 HEMRRTH L0, ZOMFITy—7
I /MR (GABA) ZALFZEWHE &3 5 F v Vi
S PHFIICRE S TwD (10— 4 ). W AJFRIE3E
203 Z ORI T B 5 GABAD B & Hl# L T BT
PERRRRIRGG R 2 013 2 2 &2 & 0§ - SRR &
KT, ZOF v NPEMFRII I ARRSEY L (brain opi-
ate, WICHFAET BENV L AWE) OZHEEEF-> T
BY, =T RV 714 >D X =BEPIRREY B EH
THER=NNIVOEHDPKRELSRY, EFPPER &
DVHW DIREMEH 242 2 3. BHIZALOMFE O #
HE)ZHEI L, A ML AZERT 2 DPHALETH 5
Ny I TEE VHERTH D, MERTEDOHEIRET
brruuruwy v bAI0MREOBREEE Iz 5 D
DTHLH (BEIWEME LT, ALOMREOIEE ORI LY
WN=F V) VRO L) RIEREEL ). N—=F Vv
I EPOFIZ R =783 2 OBFENEE) THRDPH ST E 5
YF P UEBRIE NN VREORWEH T AL
%.

ALOFFE ISR T D B AP AK - PR AR D F2 G ER T <
Z, WIRTRE 2 /i U CEAT L TR B I ERE LT
5. Z D7D NEOMERKER: & FERIRAE & v o 728K
B EA IR AN /- Sz e S IC3EE AL O TH 5.
AL Z a2 > b E— )V 5 F v MR OB R C
A ML AIHTH BAHEE, GHFEAEZ D, @I EEK
TTHIDHEALSL. A8, AL ALOMRE L FAE
F— 33 v 2 b3 g & L ORISR Cl X, &
BROMMEZ L, & PORKEOBNTH 5 £, BE
20K 5. INLOMEDEE (F—1X3I v RZ) &%
J 5 L= F 2V VIROREIRT & 5 fifufE, WEE, K

WREEER 72 SN S (25 OFIE T TSR
T IZCRAE & TN D, MO TIE b o & D
R TH D).

7. BifEELRT & DRAE

(1) N=%>ViR
N=F UV VIRORMIE 1) oM, 2) FHREOAR
MEMIRE (55 2), 3) RE25I&T25457TH5.
IS DEEICMA THEMIFIROMBIb H D, oL
LVOEHR, JE, TAER, IOWRELETHL. RIF
FERIIS0BACAI D % L, TORBAITEITT S, FRHE
FHNAE PR O BB B E A S NSE, THIERX T
Z v ) BT LIYE L7 R 2 58
MBI R TH 5. BEITKIMIEER OMER L FikE
HIEDH Y, WMEROWEEZRAT L T 5. BIRE» S
DZa—uIFMETAMRBICSH SAyEE) =2 —1 >~
(RS OSEN % B #IHMECHB LT (Ay
=2 -0 yOEEZRIEZVEHIZLTVES).
BHEIZHD F—33 Y EEMBEAHEET 5 &, #HikE
BRI OBEROFE T ZAyES) =2 — 10 V2% 5 Z L1
L DAER) = 2 — 0 UATREEE L, — RS I
MHEZ o7 &) HIRAEIC 2 ), WifhiskED & O R OVERFE
(TafififE) AYEAE L CRETIICouEE) = 2 — 1 o 25 EfE L
BIGEATEZ 5. CHAHERTH 5.

b M ANER) R F ) & 2 BRI RN E O R TESE
EHHCEIY, ZOEMIIHIREE MRIZES NS,
ELIGER L BELRFHOBE Db Tur 5 I v 7
fibhsd GEERO 7O T30 7). FHKOME
LA 2 THH D T o i #h 8 2> S B R
(la®RIbEEMRE) 2L THIRIZELN TS, £h
SOSKIREE OREBEFICE SN, ERITHRA S CE
BEISELN, ZI0bA0ER 2 -0y ENHLT
il % DFHRITA Y7V ADELILGEF AR L. 120
FEE) SRR &) MRS G- L Tw T, 8—F
YV VRO L) ICBREMEAEEL, mEWETH D
F= NI UAERLTLE D &, BREANDREHRD % <
Y, MIREENATAEODRBEDNTELLEDLDT
»5b.

(2) B>ofR
BAEDRE BB T HEBIED DR H 5. EEH D
LA AR TAE &S KRR R MR O—2T, 57
DOEHE FREIRE THERF L, WICH ) 255 % BIER
LT D)o T LOHATHAL. FHALIZILL,
FHFE 38R O DO MBI CEMR IR L
JENZ WO ERILENLHETHL) LwnbILlTwh,

(150)



LR KRS 30(2) 234 33

SR TS 58 DI OV TR T A,

L MO T DN E & B FEREBALISAE TH & KMl
BARTHEH., ZOZDIIARICERT 2HMLTH Y, H
IR TFEIE &P GillE - AP, BEEPHK, 4§
IR, BEEEO LA, TEEATE) R T HE AT -
BIEI S B W 7 &%, RIGEARRISER THERIC
L BERR, MR, B G EORBITEI ORI R & OH
Wiz ATHIMUETH L., DL IcE L E “ERPIKIZE
AT ) RERME Sz E ZIZE R SR wERD
b LN wv, FBHRFEICRDEHIIZEZTWS. B
JEATT VT2 & ) KRRISHR T8, Wiz Sz £
2LV IFARICE L TR R T A LT
b, ThbbHELFID 0D B AREEEE SR THE L
TRMIZIRFE 2L, AR O X9 7 4K 0 K
(hEwEEhoMraEx, MrBnLWEETZ20°
FLIEICIR > T D) (ZRINERR DS LT 5.

B DT BT D HUR T EB & RBNBH5R T O Ei#
REORERESTH, JIAEMEET I Y OREVFEETH S
CEPHLPIILoTETWS, TADT I VEHTH
b, VFTAQRBTOE/ T Iy (VT FLFY ¥
o b=ril) OFHEERE) SFEIIHAON TV
Y OVEH OB % 10— 5 1R L7z, M1I0— 513/ v
7 FLF ) Y OMBERREBTOMRBZ2RLTWE, A
BICiX, SOETIVDYFTATOILENTRET
HIUXIER, BFEIHINL & & 0ERE, BEICEKTL
T2 EN)OFHEFRT 2 LHRE LTV, VST AR
HEOBRB LT/ T IVvEN YT T AR EORED
BETHELTWDY, ThbbyF TAREICH 5%
FEEEORERBESELIENTELNPEV) LT
bbb, v TARETOREDORKE S ORI U TH
FEBAE SR & <), ROMEEHNE O B 2 JE L T
. TNEAHRICLT, 1) WANT I V2B s 5%
FFHDO LI E v Ra— AF IV F— 3% 139 DIREER
FIEEIT, 2) ahA yR=ZRAM)2E (1377

Foiy

B7s/ED

BIYAH

( TR %M >

®10—5 <€/ 73 >of#k

MT

NA:/LTFRELFI>

MAO: E/7IvAFI 54—t

COMT: ATaA—)L-0-*F LS
YARI5—H

IUE) BBOSWL7ZE T X ORILY A A HIH
L, YF7AMBTOE 7 I ViEEZHENSEL L
WXL oA 38HET 5, 3) B/ 7 I UELEEE

(monoamine oxidase, MAO) [HESIZE /7 I » 21
X, P OEHZERIET S, COXHIZZOT I VE
(&, R TER & RIGLBR TOMBREEYE Th 5 EH
WET IV THE/ VT FLF) vetu b= o)X
B3, ) DIF TS D OJEK THA, EIFTIEITEL T
WEETLRHTHS.

(3) REE®

SEJE I, FrEEdE, SAORAVEENE, BRISUENE & & OB
TR (BRAEMETDN) LHENNORENEERED D\
(3 B MBI T 2 ORVEBE (SR RUESE) (2K
MEND. % OEREEIIREEIFCH . M
GEIE IR S < THEEM (BH36.0%), SRR
A (HIR=822.3%), HEFETEN (A#6.8%) D320
WA D., FWHERIENAF VX% v Eam, HELD
RIDHZENDHY, FRBIHEIC R D, FEIRIGER X
FEERAERATROMN I OND L) 1A, BRHEOZI O %
9. BRI T OROEIL (A, ROF
I, WA TTL S, —BICHEEFICZEL E7-701
RURCTH 5. KR IEIERR 2 D 2% \vas, @10
~30iEDEFHITFEREL, BEL ) LI L . 72
FEMEITHEZ 2 2 L A%\, FrBE e IS X POHERS R i RE
R, RFERER — MO & ok et b o &,
BkEED VS £ THH L (F70% D FHERE TR E
b)), FEIEI 4 ~T2Ref e L (% < 3485 LA
W), ol H~%ol EoEETHET 5. 5
TEDO N1 B IR T LR HER &2 LIS LIRS
ZENLV. HETEELATNE RS R VEIE, ¥4
TICEVIBRENRL L L THAH, FrEFIREI7
B E Vo720 LCRiRE BIF 5 &R EALT 5
75, BERIGERG IR B S AUITIER T AR 2
HIEDRNERDLNG.

A%, BEICER Lo 7-0n b v &, B
SHEE AL O ML RO & 2 UHE, ERROGIC & ) 5l &k
CENDLETH L. HEENOMELHEENOME b 3
HOMFRN X o> TR 2 21 T b. ZTHITEAmR
JEIMAE, MRS FIME AR OME L F CTH Y, I
RANTZIEANRE, PEAR R LB S B & AR (7
WTIR=AHE) OXMAEZ TS, FIH L, Rk
9 112 R0 PR UL 5 13 2 AR D WG A & R AR O 2
TR OMIELR CTH 5. BIEIERRIELEL 525
75, AU BESARET N O B AR A ARAE O RS
SOFUREREFo TV, EohicgEEns =
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F U= aF R B S, KRN 2 DG S
g g R MR O R AEIRE L RAE IS 2B S0 5TH
B. =7, WEEFZOHS - FHETIE, MO ME DL
LT, WhwarMOK)PEL 2o/zD%, % - 8-

HAFERETMEXIRSE, MoK ERECHEM]
WMomELRIT). 22T, MEOIHIECIEILE
THAH. L2rLRERICELCEETHY, MRS
%(ﬁﬁ@ﬁl)fﬂﬁmﬁﬁ%(%f&%)kﬁé

FHEMNIIEEG THIN TV Az, MEOIEIZS
UL EILRTE v &9 RIREET, ﬁ%ﬁﬁ%ﬂﬂbf

LEILDITEIZDTE WP LRI TVS,

FrBEJR O FSRERE R & ST 5120, 1) MR,
2) 396, 3) BILORNEZTNCHBL 2T LR S
BV, INLEREEICZ) T T AEFOMBITEZSN
TW2WDS, DUFOFEHAINE TICRBENTWS
1) IMm4% 3 (Vascular theory, Wolff et al., 1948, 1952,
1953)

SHEANSE O MG O FF UG TASE )G - Ik S
LRI S 2 & ¥ 530, ®EED S OEEIIREENE 205
D, PGEDSILE D MEPERT 2 L& &/l e

MR AHEZ 5. TNDTHEAMFETH 5 = L ifE
TREIELIEIIL o THALLTELONS. R
WIIHHEETH Y, MEDGEIC X 5 MR T X > TH
W2 CORBREOFMIEIRI L LEZ LN TW
b, Flo S MREOBEN RIS UL LT
5.

2) =AM AE (Trigeminovascular theory, Mosk-
owitz, 1992ab, 1993)

BHENO Z LAREITHIL SN D & i Sk &
N5 ETHH. KE»R=ARMETIC L 2 IEKO
FERERRT & 10— 6 12/ L7z, = SUAREDS & 20 o Il
THAET L L, ZMRE» O MAEEBEMETF K
(&717/XP@ﬁW/F%/Lh%ﬁ W

(CGRP)) 7S & 1L CILE LR & M5 & w1 TUE ke
o
ﬁ”ﬁhﬁ ARiEH
B
mERED \
SRR
W L
mENE
e Eil BN

M E IR
MR
i (= RApHEH BERREL)

E10—6 = SLAhfEMASH

20, ZORRER, =ZAMEE; Vo) B LA L LT
&L 5. JAAHNLIE) & A5 5 018 O YRR M
HWEVED AN L TW a5 Thb. i, =
AR E EN LR EVCHMEDFF T D 5 ol S5
PEIMAEPLER B & M5 7 8 AR 1R % v BER S (2 B
HLTwa 353 THL. HEMEICBTSHH S
RISERFITE Z H =HE gk, MR, AL %
PRI I L72EZ T Th 5.

3) o b =3 (5-HTtheory, Skarby et al., 1982 ;
Jansen et al., 1992 ; Nilsson et al., 1999)

LH M= VRIS LD I MRICE IS e b =
> (5-hydroxytryptamine ; S-HT) 2SI A (2 & 4,
Mm%®ﬂﬁﬁﬁlb,%mﬁﬁﬁ&bfﬁ%ﬁﬁﬁﬁ
Bys., 2o, Mhto b= 2300 TRPISHE
S ITARIEHAL - KT 5. ZORER, WINLE Ok
T LT, REEISBEORMMELRE &I 32
L) =R L TRA L LTELE 5.

4 ) %S (Neural theory, Olesen et al., 1985, 1986 ;
Olesen & Edvinsson, 1991 ; Olesen & Ashina, 2011)

BRI S 2 DR K CEAEHE U721k, FPHIC
ﬁ;ZNSmm®ZE~FT&®i7=%#ofw<m
il (Spreading depression ;SD) 12 & b POMERS Sk Z
D, ZOMHRREAME ET S & = A 2 BE S
ARl .

EOHEDMA T O ) H =% DDA H % H %
{, RERBEROBERF I &) LT, #
CTto k=0l - /K, I8 ONE - JLk, 1
EEBETUE, RME TS 5 =ML L T b
CERTEIMSNTHL. BUEREBEOHHREEL LTH
WHERTWABDIFL) T Ty I VK|, 2) Lot
= URBREBUE, 3) VYU LEHE, Thb.
1) Oy I EEARICEAESINLT VAT R
T, REMFEENER 28> 7 FL ) Yoa—ZBKHE
EETHDH. 7 FLFY roMEEFEH 2 I LT
BETEH 2582, WOEREF IRV T8 I 3N E
DILERAE A Tk Z 5 15 2 MAENGHE S 2 TEH 23 5
DTHEEZICHON TR LREHEI N TS, L
L, FWIMEZT FLFY yo—8 8% N L TIHET
5. TRLF) Yo—ZHEROMEETHL T TY I
YERRG LS, ibwo%5#%¢6®fi&mﬁ
I ROWBSEMICE - Twiz, ik, #HiLvwaEE
?YW=11W37:/iSAanﬁwWﬂﬁﬁ%%
L, R LMEZN#ES S5 LBEns L) I1lho
7o EBEEE, VIS IVETRLFY UREERTR
<, &n b= URFRICVER LTI Ok 2 #il 5
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52 L E o THEHDIGHEREIZ L > TW B DELTEE
FTHEINI ko, 2) Ok b URAAEREE L L
TWEHAS M) TS U 3d 5. BifELT b= V2 HRICIE
L DN T YA TNHY, TOFTHIZ5 —HT.& 5 —
HTAR B OREBICZHE TG L TWE 2 LB Ik 5
T&TWw5h, A< M) 7% &5 —HT1B/1D%#EMA
B3 CTHAH. 5 —HT 1 BOZEMKITE L L CTRIMLE
2, 5 —HT 1 DZHEMIE =L M AML WL, A
< MU TY AR, WIS E S VR LT BEE ThLR
L 72BiiM e & UG S & 5. R B O FSRE 535 =3
FRFREDFIEAE K D & DAL FLEWE CTH BT T AL » A
PRCGRPO i # 9 5 2 L2 &k ), kK gHEIm
ELIREOL R M & @V 2 9 L, R Ch b =L
MFEOBELZIZ TVWDLEEZLNDL, 3) OHLTY
AEEPEHRICIIE A ) DU H L. ux ) Y RIS
FIRBYIAEH L T e %2 #0 L, spreading de-
pression° ML & @ 1 2 #0132 2 & 12 & ) B DE
L LTHOWSENRT WA,
FEHOREDOIET — < Td 5 RIS AN A LR
FRAEIZERTE - SRR O A T/ {THZFNOIME % b Ak
LTwb. INEEZERICIIME R T O, B IEARE M
PEFRARHME DAL FAmE W) 'E T & 5 vasoactive intestinal pep-
tide (VIP) OAAHE SN, F727 BT HiML25E
Z o 72N TVIPD A A HIBAL A ICFEH S T &
TW5, 20X (ZHKIMNLE T O RIS AN A JL iR A
DAPIERED LG SO0 H 505, FIEEOEERKT
RO MEIHAEDO L ZAHE SN TV, Rl
TORIZIEMFEMENLRRMEDFAEZ DL DIZOVTD
WMEPIMTEZOL ZZIFEMTH L. 5HDOEH D
eI iIfF SN 58 TH 5.

T8 DMl - EeFRS

1. #Eka

FAoGERIIHMEr O, 25528, DF ) Ay
ORGSR THMBOLETH 5. FilkLFED I
HHZEIHENTH LD, FN5IEEOMIBHA DS
DALFEZALD 725 LTV BEIDTHA). FNBED
TR ADSTTH LD % EICDNTIE W FE ZIZEH
ENTWARW, b E7Z2HIEHOSZHEIN 2 S, O
W, B, W, B, B, A, bR, MER, R, M
EDEF F RlEgMBAES T (L FIFANEE
MERO o b BVHZEZONTE, LALIND
PREIZHPHIZENTEZON Y — 7 1~ (1809~
1882) LI D150 O TH 5. KESCH &, Fl2
X, S, B, WS, s, B, TEE, WEAED

BERR, Y ETLEE, BRI LHE, XFEETHH
&, REMREIE % EOEH b F 7 FF5RICHE L 72l
Db THL. EELERHIKRHTOLRFETHS
2, PITOHFRI YV Vo ZFIEMTHD, KERE
Mo Ao TEEEITH RIS 5 IBHE 2R
fo % B S8, Z OB IIHUR % itk L CRM R B &S
B (VHTHIEICAAfE) CROREE LCRliksns, BELL
THik%, B L CHEE? TS, T OEHIIK
Wi R BB S (RUBHEEICAELE) & KINEEERE, BUR,
IEE N L TAL— X & LTirbhls., Ihb
DRE —EEROMIC, THERICHE T 5.0 M, 1T
WAZEES 00, WALICRIRS 2 Bk, PEICERT 5
iz &by, §_TRERICEMLL 2B 7% 85
bDOTHAH., ZNTIE, £HLTIDL)ITHERL, &=
FALL, E PREWIEITEDH->Tno72DTHAHH
.

2. BEEDHD

Hilk - BEEbLoe Mo TRHRIBEGTH S, &
BHEEE L TR EAEZIILDME 2B %L R b0
BThHDH. EWFHNEBE»O AL E, BIZT
(DNA) DO¥HY %L 41T > T 5 DNALRSE A 1R
ELTor ME, THREERLELEANOFG ST T
bILEZVDTHL. WL, FHREKREE, HLid
BHIEEENVIERELRELDTH L. Lo LIEE -
AN & < e MIAFEREI A% 72 o TH S ORI
DELGoTEL, Thidfbodih e RE<C Rz L
Th5b.

TAx OHMBLI30ERB OBV EZATHDL. Th
FMELEEXL LY QLML EL 2D, BT
R SIET LI, DwiigEu e, 5LxHl
RBIETHEDL, AmEICEoTEL, MlBICE S
TH#b L. BIFHEEEOR T ORI EEZ N
5. —OIEBIRERFIREE T ORE R FFREMAE THE
WK B2 ETHhL. —oHE L THITES RS DMK
TT52ETHL. MEOFZUIS0MAREE L A D K S
Nzt wbhTwnsg, Z2OHEBMERDKTTHA.
NS OISR T ZELE 5 1CIFEDL ) R L
MR D% RIZE N TR,

3. £5FThIFBELLTVSNhB D

EENIZIIKREL COoDHENDH B, — 2 3FEE)IC
£ KB RIBO WAL, o HITHE TE— FTEERO
HHEALTH 5.

(1) E5
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—DOHBAR=Y R EDFHEFHTH L. © bDHAEKIT
POF SR CHRERE L TV 5. Bl IE C o SRS BOUIE % 1 14
LR ICEERB 49 5. KERIC &, filde
7 B R EAE RO AR % 8 U R R - i S odiik
WA BARE R EB MR A L TR ARIETH 5.
ST G, IS BEIG, B & B K
&, BI5 W EHEREROG, MR O RER A A DS 2 B LI
WARE SE, M ERRB RSN S, 26 EH
BRENMLCL FOBGEIFEMRISGEZZZ 05,
HAMREE L wbils, — I FRIEAN AL &
XA & BT B TR RSB D, SRR R i &
9 Z & SARMEER T & Vb s, O RISIE RS
LIRERUSFE 572 L ZICOARFREN L. REH
WCHAET L OIEMFEHEOH TS o & bV C
M & ASHAMEC » 5. MR B 9 5 DId s H T
BRVRIAS A > CTE /2 & TH L. ARVEEB) 0SS

L, B2, BEORFFLIMTHRI 5. BT
(I3 RSE D> © 2K B IR DSHAE L T b, £
lZe b TR D KV T, aROMER e IEh Tn
LIFETH L. ZOREIRASBEZE L 2 WIEED
SV T, MEHRT ORI AARMEB S TH ) TS
BHORFE L EIEDbN TV AR RIETH S, Ll
BB ICIE X D Vo2 b, WA 2 BT
. JETEHUIMIR, BUR, KMEE 2 5. Rt
OGS EAERY - Mk IE L S s 2 &I & ) ARFDS
I b, ThbbiERT 5 L IZHEROIERD 113K
bERIE A, HHRUkK, v MIEWR EORIED 2O
R OMFER ECHER A ¥ S HE R LVERETH -
72DRS, AT I NS ITER TR - BREEANEA LEH)
PRELROTELTOILHEDOATEHFR L M 3% <
LoTETwWhLEEbs,

(2) HERTE—TEAERDEML

ZOBRIBHR T — T RAEROEELOEZEEIZOW
TThb. HURTEIIM TEAEZFEH LT, T RS
VEZ RULL, HUIRBE, BIE, MG ECEE, K
R, R, A5l A MLVARID, RE, ML & x Tk
T5., HEOAINLVABLETHL., A L REMAIZ
TEAMERVEY TH LRI LG ALE >
(ACTH) zZ¥MmML CRIBRLEARIVE Y Z5WT 5. &l
FRERVEVIIHEEEHZEZHL, e MZEoT
BTTREEED L) 1T 2 b S ¥ 5. 2T DACTHD#
HEARE ST AR DOZ L E A P Ly — v, Zorh
I 2 b 0, [L¥EHE L0, Bl sd0ord
5. HEAEGETIOACTHR W ERHET 5 2 EAEET

B, WHIZWI &, BURTEICGH L <, Rz
YA FABDOLHNVA NV AZINZAAZETHE, Fh
WIERDO L) R DL F v, 1) FnEsig, HFUIReR
FIE VRRIERE RV E VDO NGUWAR IV E ¥ D45k
EREAICL, LDIRRHEICAEM A2 5 2 L THEMR
ThEg A LSS, 2) v MEEHEOAF VY
v TRWAEHOFRFEL, MEOERZEOEHFE 72 M T
(L EIE AR T30 2 I L BUR T8 — T ERACR O
LS5, 3) A COEMERZ1T) 2 L2 &
D, KBREE, RBAMHREZEEL S 5.
BIRERERICE 4 L RO, mik L7z EE)C X 5
HAAR B OTHEALIZINZ T, ShE D2 & A BN
ICATMERREEZOND,. LA AREMOEVES
BEFRZFHLTCOLRIFIUELR SR LA O
Thhb.

g£+-= bV

b IZ—3F. FEHICHII VDL DD, - HFIIEE
TAHDN, b MInEEEFNTEh,. THUTHKRES
Tld% L, HERZEOHEBTOERTH L. THIV ],
A, ba—L4, VW—, AN, ~N=7), &5
IZIE=—F = 5A2004E DA 221, 20X I
FoE, ssinfticBirata e, BRI,
AN &% BT 72, BBXZMESoME L7280
DHENTEDLN>TE bR TWS, LaL, 8
RoFL DOHETIE, F7a—1"VLIZ L 2HHEDFE,
FEEOFIE, BUROERZ: L, e LTHH
ANELTYH, EREFTEIEZEZ NG Do 7254 DRE
PHEELTETWE, FHIIF I L) ZRMEIZON
THEMTEDL L) BFEEIRFoTwaRWw, LiL, Ef
ALV BB R ZRFE L 728 L LTIRE) LTH
HOOGE NS A7z, & ke EAREER% - THAT
WEXTVWLDELIN?FLREDLIICLTHEETR
BICHIRSETEZDLEL )N R EICODWTHEIKL
TBEZVWEFLIIPON, SHOKRHE FEVRET
Hoh. GBITFTEbOLRVWEIA L A4H L EITE
ADS, BEFEH D 4 12130 LSS & 13 7 D 2 % R
OGO E LTV TRLWER > TWE,

1. Ph.DDFH, £/ hHh5Ph.DEREEZH S THES
N

FZHRDEE LTV DL REIZH % OfFEE R Kb
B, B2 - RS OSIEERICEICLWH A &% -
TWb., ZOEICEEPLBEWLIZWI DD 5.
ZIIMIEITH T B LHTH 5.
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BTl 13 1) CNETORADHLESEZICLT
F—xER GUr TN r), 2) —EDR

EVTTERET D, 3) T—F2HEH - L T—%
DFEANE RO H, 4) K T—F ZHKLT, K
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%, FLHOMEFENSEZEICLTT -2 EATY
<. THLTHREDERIDLHNTV L,

CNEZETTHOICKRERIEIT]) ZBWTIE—
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%, 2) CREBMOD LEHRZITH, 3) TIEIEEDW
T =8 DIBIE - W - HIBRIE LW ETH 5.

F=FDhDiEL VbRV ETYH, RENLRT—%
DIBIE - 2 - IR - ARG OIRIE, S hh SHf
TLE)ETHRFERICESTRERTAT AL .
b bR, BEo 7K & AT 5
LR, ZOMBENIIRLS D ETITER 2R E
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FERTHEBRFEEZT O 03R4 ORHFOMASR I E T
LDTH5D.

NEWD NS BT - JRHECHREEZR 2 2122854725
CEBHLTHA). DX [NEOEE| %228
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DEFEBEZINT TORE»S LT, R EIERIZL Tl
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IR 2 DD EHZE DO LDNTTIE GV EEZ TV,

FHH T4 < DFFFEAIE DTS D BHT 515
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e, AHBESHAREAICIZS D L2 FAE, FHE
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2. TOBEL2DOEE#RET
COMHEBENTVLREICHVWANAERZ LI EDDH

o7z KRS, NEE—AZDLSRb DT RVrL -
72 200 L BIEE & IR E2BIIETHRIERIEY
RTHo7L ) BREN L TwAE, [ISEbLLBVWEHGH
WEDTHDH., EPICERTY L Caloz, Aoz
DHEFHEETL LB, PLEREEID2E(ER D
TENTEDLENIC 72, BT - HEICHELTHE)
LMD NDI=DIZE DI 5 72D L IZE S D5, K
S S DO NEBIIED S v, REFIEZFOR A2
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FHEORIKFEORE, 200 & 23200kt %, #
BRI R RBOEE, TLRFTIEMO%EE, 2L
TILHEER KR TR OZREH L, £ L Tnzo
P LNBEVEN) ZEEFELTWAS, AL TITHEREK
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TR UL BRUH L EIT2w, F2FHEIIN025D
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Anterior hypothalamic inhibition of reflex parasympathetic vasodilatation

in the lower lip and palate of anaesthetized cats
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Abstract

. The aim of the present study was to test for modulation by the hypothalamus of the parasympathetically medi-
ated reflex vasodilatation in lower lip and palate evoked by electrical stimulation of the central cut end of the
lingual nerve (LN) in anaesthetized vago—sympathectomized cats.

. Electrical stimulation of the anterior hypothalamus consistently elicited an intensity (50—-500 pA) —dependent
attenuation of the lip blood flow increase reflexly evoked by LN stimulation, at intensities that did not elicit a

pressor effect. The optimum stimulus frequency for the inhibitory effect was 50 Hz.

3. The greatest inhibitory effect was evoked from the periventricular region of the anterior hypothalamic area.

4 . Prior administration of a relatively specific antagonist of y—aminobutyric acid type A (GABA.) receptors,picro-

toxin, at a dose of 1 mg/kg (i.v.) completely abolished the inhibitory effect of anterior hypothalamic stimulation
at any of the stimulus intensities and frequencies used, suggesting that the inhibitory effect of hypothalamic
stimulation might be exerted via a GABA-like effect.

. Microinjection of D, L—homocysteic acid (1 M, 0.2 pl), an excitatory amino acid, into the anterior hypothala-
mus significantly inhibited the lip blood flow increase elicited reflexly by LN stimulation, suggesting that cell
bodies in the anterior hypothalamus are responsible, at least in part, for the inhibitory action.

. This is the first demonstration of a modulation by the anterior hypothalamus of a non—vagal parasympathetic
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reflex mechanism involving the oro—facial area of the cat.

Key words . Anterior hypothalamic inhibition, Parasympathetic, Vasodilatation, Cat

Introduction

There have been many investigations of the physiological
role of the hypothalamus in anaesthetized and conscious ani-
mals. These studies can broadly be classified into two
groups: those that examined the role of the hypothalamus in
emotional behaviour and the related autonomic changes,
such as those involving the cardiovascular system (see re-
view by Jordan 1990; Kojima et al., 1995), and those that
examined the modulation by hypothalamic neurons of so-
mato (or visceral)—autonomic reflex responses such as the
baroreceptor reflex (see review by Spyer, 1990). All of these

investigated only the influence of hypothalamic stimulation

over either the sympathetic system or the vagal portion of
the parasympathetic system (or both). To our knowledge, no
study has been made of a possible hypothalamic influence
over reflex parasympathetic effects that are not mediated via
the vagus.

It has generally been considered that the defence—alerting
reaction, which involves a rise in arterial blood pressure, is
fully integrated at the hypothalamic level, the response to
appropriate hypothalamic stimulation incorporating both
autonomic and behavioural components (e.g. Abrahams et
al., 1960, 1964; Yardley & Hilton, 1986). However, despite
much effort in the past, the precise physiological role of the

hypothalamic nuclei in this response remains unclear, since,
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interestingly, microinjection of an excitatory amino acid
does not necessarily elicit a cardiovascular or behavioural re-
sponse similar to that evoked by electrical stimulation of the
same hypothalamic area (Bandler, 1982; Hilton & Redfern,
1986).

We have previously reported that parasympathetic vasodi-
lator fibers run in the glossopharygeal and facial nerves to
supply the lower lip, palate and masseter muscle of the cat
and rat (presumably originating from the inferior and supe-
rior salivatory nuclei, respectively), and that trigeminal spi-
nal nucleus is an important bulbar relay for lingual nerve—
evoked parasympathetic reflex vasodilatation, and we sug-
gested a possible physiological role for these vasodilator fi-
bers in somato—parasympathetic reflex vasodilatation (Izumi
& Karita, 1991 , 1992, 1993; Mizuta et al., 2002; Ishii et al.,
2005, 2007, 2009, 2011; Sakurai et al., 2006; Koeda et al.,
2009). The orofacial area of the cat and rat receives a rich
parasympathetic supply, judging from the distribution of fi-
bers containing VIP (vasoactive intestinal polypeptide) —like
immunoreactivity (Gibbins, Brayden & Bevan, 1984, Niioka
et al., 2009), and the vasomotor control of this area seems to
be predominantly regulated by parasympathetic, rather than
sympathetic, reflex mechanisms (Izumi & Karita, 1992).
Thus, measurement of vasomotor changes in this area was
considered by us an appropriate tool for an investigation of
the possible modulation by the hypothalamus of non—vagal
parasympathetically mediated reflex mechanisms. To this
end, the effects of electrical and chemical stimulation within
the hypothalamus were investigated on the parasympatheti-
cally mediated reflex vasodilatation in the lower lip and pal-
ate.

The experiments were performed on anaesthetized cats in
which cardiovascular effects elicited by hypothalamic stimu-
lation were minimized by cutting the vagus nerve in the
neck bilaterally and by delivering the stimulus at intensities
less than that needed to raise arterial blood pressure. Fur-
thermore, the sympathetic trunk in the neck was sectioned
bilaterally prior to any stimulation so as to eliminate any ac-
tivation of sympathetic nerves to the oro—facial areas by hy-
pothalamic or reflex stimulation. From the results, we con-
clude (i) that an attenuation of the parasympathetically medi-
ated reflex vasodilatation in the lower lip and palate of vago
—sympathectomized cats can be evoked by electrical stimula-
tion of anterior hypothalamus underlies at levels that cause

no blood pressure increase and (ii) that GABA may be the

inhibitory transmitter mediating this effect at synapses some-

where in the parasympathetic reflex pathway.
Material and Methods

1. Preparation of animals

The experimental protocols were reviewed by the Com-
mittee on the Ethics of Animal Experiments in Tohoku Uni-
versity School of Medicine, and they were carried out in ac-
cordance with both the Guideline for Animal Experiments
issued by the Tohoku University of Medicine and The law
(No. 105) and Notification (No. 6) issued by the Japanese
Government.

Twenty—four adult cats, unselected as to sex and of 2.0 to
3.4 kg body weight, were initially sedated with ketamine hy-
drochloride (30 mg/kg, i.m.) and then anaesthetized with a
mixture of o—chloralose (50 mg/kg, i.v.) and urethane (100
mg/kg, i.v.). These anaesthetics were supplemented if and
when necessary throughout the experiment. Local anaes-
thetic (2% Lidocaine, 1-2 ml) was always applied to the ar-
eas of the skin that were cut. One cephalic vein was cannu-
lated to allow drug injection. The anaesthetized animals
were intubated, paralyzed by intravenous injection of pancu-
ronium bromide (Mioblock, Organon; 0.4 mg/kg initially,
supplemented with 0.2 mg/kg per hour after testing the level
of anaesthesia; see below) and artificially ventilated via the
tracheal cannula with a mixture of 50 % air—-50 % O.. The
ventilator (Shinano, Model SN-480-6, Tokyo, Japan) was
sent to deliver at tidal volume of 10—12 cm’/kg at a rate of
20 breaths/min. Continuous ventilation in this manner has
been shown to maintain arterial blood pH at 7.4 + 0.1,
PaCO, at 31.3 £ 1.0 mmHg and PaO, at 240.0 + 16.8
mmHg. Arterial blood was collected from the femoral artery
every 1.5 h or so for the measurement of pH, PaCO. and
Pa0.. Ringers solution was continuously infused at a rate of
approximately 12 ml/h and 8.4% NaHCO; solution was
added, if necessary, to maintain the arterial blood pH at the
value given above. The criteria for maintenance of an ade-
quate depth of anaesthesia were the persistence of miotic pu-
pils and the absence of reflex elevation of heart rate and ar-
terial blood pressure during stimulation of the lingual nerve
(LN). If the depth of anaesthesia was considered inadequate,
additional o—choloralose and urethane (i.e. intermittent doses
of 5 mg/kg and 10 mg/kg i.v., respectively) was adminis-
tered. Rectal temperature was maintained at 37-38°C using

a heating pad. In all experiments, the sympathetic trunks in
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the neck were cut bilaterally prior to any stimulation to
avoid the involvement of the cervical sympathetic nerves in
any hypothalamic or reflex effects and to ensure that only
parasympathetic effects were involved in the present study.
At the end of the experiment, the cat was killed by an over-

dose (about 150 mg) of Nembutal.

2. Hypothalamic stimulation

After the head of the animal had been fixed in a stereo-
tactic frame (Narishige, Tokyo, Japan), an electrode was
placed in the anterior hypothalamus, the intended location
being at stereotactic coordinates 13 mm rostral to the in-
teraural line, 1 mm lateral to the midline and 2.5 mm below
stereotactic zero (atlas of Snider & Niemer, 1961), unless
otherwise stated. For this purpose, we used concentric bipo-
lar electrodes, obtained from Inter Medical CO. Lt Tokyo,
Japan, insulated with enamel except at the tip. The bare tip
was 0.5 mm long and their impedance was 2 kQ. To pro-
duce moderate inhibitory responses with minimal brain dam-
age, we usually used a 30 s train of rectangular square—
wave pulses, generated by a Nihon Koden Model SEN-
7103 stimulator through an isolationunit (Nihon Koden
Model SS-202J, Tokyo, Japan), usually with an amplitude
of 100-300 HA and a duration of 2 ms, at a frequency of 50
Hz, unless otherwise stated. The stimulating current was al-
ways set at an intensity less than that required to evoke an
increase in arterial blood pressure by hypothalamic stimula-
tion at the same site.

Reference sites were marked by passing 500 LA current
for 30s. At the end of the experiment, the brain was per-
fused with saline followed by 10% formalin. The brain was
then removed and fixed in 10% formalin and 5% potassium
ferrocyanide (which produced a prussian blue spot at the ref-
erence site). The hypothalamic region was sectioned at 100
um thickness on a freezing microtome and stained using the
Nissl staining method. Histological study permitted identifi-
cation of the site of stimulation with respect to the anatomi-
cal structures of the anterior hypothalamic area. The location
of stimulated sites was recorded on representative coronal

sections from the atlas of Snider & Niemer (1961).

3. Electrical stimulation of the lingual nerve (LN)
To elicit a parasympathetic reflex vasodilatation in the
lower lip and palate, the central cut end of the LN was elec-

trically stimulated with a 20 Hz of 2 ms rectangular pulses

at a frequency of 20 Hz and at supramaximal intensity (usu-
ally 30 V) as described before (Izumi & Karita, 1994, 1995;
Karita & Izumi, 1993).

4. Chemical stimulation

Chemical stimulation within the hypothalamus was
achieved using a solution of D,L—homocysteic acid (DLH,
1.0 M) in physiological saline. The pH of the DLH solution
was adjusted to 7.4 by adding 5 N NaOH. A 120 um needle
(attached to a 1.0 ul syringe) was placed through the fixed
guide cannula under stereotactic control at anterior hypo-
thalamus area as described above (13 mm rostral to the in-
terauralline, 1 mm lateral to the midline and 2.5 mm below
stereotactic zero) and aliquots (0.2 pl of DLH solution were
injected over periods of 10 s in order to keep the rate of in-
jection approximately constant. All injection sites were
marked by the injection of Methylene Blue in the same vol-
ume as that used for the injection of DLH and the marked

sites were identified histologically as described above.

5. Measurement of the lip and palate blood flows, sys-
temic arterial blood pressure and heart rate

Changes in blood flow at sites in the palate and in the
mandibular lip adjacent to the canine tooth on either side
were monitored using a laser Doppler flowmeter (LDF;
Canon LC-1, Tokyo, Japan, or Advance ALF21R, Tokyo,
Japan) as described before (Izumi & Karita, 1992, 1993;
Karita & Izumi, 1995). The probe was placed against the lip
or palate without exerting any pressure on the tissues. The
present LDF values represent the blood flow in the superfi-
cial vessels in each tissue. Electrical calibration for zero
blood flow was performed for all recordings. Several gains
were selectable and the maximum output of a given gain
level (defined electrically) was taken as 100%. The analog
output of the equipment does not give absolute values, but
shows relative changes in blood flow [for technical details
and evaluation of the LDF method, see Stern et al. (1977)].
Output from the device was continuously displayed on an
eight—channel chart recorder (Graphtec, Model W5000, To-
kyo, Japan) at a speed of 10 mm/min. The blood flow
changes were assessed by measuring the height of the re-
sponse. Systemic arterial blood pressure was recorded from
the femoralcatheter via a Statham pressure transducer. A ta-
chograph (Nihon Koden Model AT-610G, Tokyo, Japan)

triggered by the arterial pulse was used to monitor heart
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rate.

6. Drugs

Picrotoxin was obtained from Wako Pure Chemical Ind.
(Osaka, Japan). DLH was purchased from Tokyo Kasei
Comp. (Tokyo, Japan) and lidocaine (2%) from Fujisawa
Pharmaceutical Comp. (Osaka, Japan). All other chemicals
were of reagent grade and were obtained from commercial

sources.

7. Statistical analysis

All numerical data are given as the mean + S.E. The sig-
nificance of changes in responses was assessed using an
analysis of variance (ANOVA) and a Contrast—tests. Differ-
ences were considered significant at the level P < 0.05. Data
were analysed using a Macintosh Computer with StatView

4.5 and Super ANOVA.
Results

Mean values (+ S.E.) for resting mean arterial blood pres-
sure and heart rate were 107.3 £ 9.1 mmHg and 162.6 = 6.5
beats/min in o—chloralose—urethane anaesthetized, paralyzed,
artificially ventilated (50% air—50% 0O.), vago—sympathec-

tomized cats.

1. Modulation of parasympathetic reflex vasodilatation

by electrical stimulation within the hypothalamus

Hypothalamus

« N _ N\ _
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Figure 1 includes a schematic representation of the experi-
mental design showing the sites of electrical stimulation and
of blood flow measurement (Ileft panel). The right—hand
panel shows the effects of electrical stimulation within the
anterior hypothalamus at 5 or 50 Hz on the reflex vasodila-
tation which was consistently evoked in the ipsilateral lower
lip and palate by stimulation of the central cut end of the
LN. The mechanism underlying such vasodilatation appears
to involve an activation of a somato—parasympathetic reflex,
as reported previously (Izumi & Karila, 1992, 1994, 1995;
Karita & Izumi, 1993). Higher frequency (50 Hz) stimula-
tion of the anterior hypothalamus markedly inhibited the re-
flex vasodilatation in the both lower lip and palate, but
lower frequency (5 Hz) stimulation had no such effect. In
these and the following experiments, hypothalamic stimula-
tion was always begun 10 s before LN stimulation since this
was found to give an inhibitory effect that was much greater
than that induced by simultaneous stimulation of the hypo-
thalamus and LN. No substantial difference was observed
between the lower lip and palate in terms of the inhibitory
effect on the parasympathetic reflex vasodilatation elicited
by electrical stimulation of the hypothalamus and in subse-
quent experiments we concentrated on lip blood flow.

Step—by—step increases in the intensity of anterior hypo-
thalamic stimulation progressively increased the inhibitory
effect on the lip blood flow increase elicited by LN stimula-

tion. Typical examples are shown in Fig. 2 and averaged
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Fig. 1. Schematic representation of the sites of electrical and chemical stimulation and of blood flow measurement (Ieft panel), and the effects of electrical stimula-

tion within anterior hypothalamus at 5 or 50 Hz on reflex vasodilatation in the ipsilateral lower lip and palate (right panel). Parameters for anterior hypothalamic
(Hypo) and lingual nerve (LN) stimulation (indicated by bars) were, respectively : 2 ms pulses, 5 or 50 Hz, 200 pA for 30 sec and 30 V, 2 ms, 20 Hz for 20 sec.
Ordinate, lip (LBF) and palate blood flow (PBF in arbitrary units (a.u.) and systemic arterial blood pressure (BP, mmHg). Abbreviations : SSN, superior salivatory

nucleus ; ISN, inferior salivatory nucleus ; LN, lingual nerve ; PPG, pterygopalatine ganglion ; OG, otic ganglion ; V, trigeminal nerve root ; VII ,

IX, glossopharyngeal nerve root.
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Fig. 2. Intensity—response relationship for inhibitory effect of anterior hypothalamic stimulation on the lip blood flow increase reflexly elicited by electrical stimula-
tion of the lingual nerve (LN) in vago—sympathectomized anaesthetized cats. Parameters for anterior hypothalamic (Hypo) and LN stimulation (indicated by bars)
were, respectively: 2 ms pulses, 50 Hz, 20 — 200 pA for 30 s and 30 V, 2 ms, 20 Hz for 20 s. Ordinate, lip blood flow in arbitrary units (a.u.) and systemic arte-

rial blood pressure (mmHg).
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Fig. 3. Averaged data for effect of anterior hypothalamic stimulation at vari-
ous stimulus intensities (50-500 pA) in the presence (open circles) and ab-
sence (closed circles) of picrotoxin on the blood flow increase in lower lip
(LBF reflexly elicited by electrical stimulation of the lingual nerve (LN) in
vago—sympathectomized anaesthetized cats. Picrotoxin (1 mg/kg, i.v.) was ad-
ministered 10 — 20 min before electrical stimulation was repeated. The ante-
rior hypothalamus was electrically stimulated (2 ms pulses at 50 Hz for 30 s
with stimulus intensity (50 — 500 pA) beginning 10 sec before LN stimulation
(2 ms pulses at 20 Hz for 20 s with supramaximal intensity). Ordinate, value
of LBF increase expressed as a percentage of the increase elicited by electrical
stimulation of the LN alone. Values shown are means * S.E. from 6 animals.
Statistical significance was assessed using analysis of variance (ANOVA) for
repeated measurement folowed by a contrast test for significance of difference.
*P < 0.01 ; #*P < 0.001 vs response elicited by LN stimulation alone.

data in the presence and absence of picrotoxin in Fig. 3. Hy-
pothalamic stimulation with currents of less than 130 pA did
not cause any increase in arterial blood pressure, but intensi-
ties of more than 150 pHA did elicit such an increase. Al-
though the threshold intensity needed to elicit a rise in arte-
rial blood pressure varied from animal to animal, the current
intensity needed for the present inhibitory effect was always
below that threshold intensity. This suggests that hypotha-
lamic stimulation at the level that induced the inhibitory ef-
fect under the present stimulus conditions did not itself
cause any significant cardiovascular effects and we observed

no other autonomic responses, such as pupillary dilatation
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Fig. 4. Averaged data for effect of anterior hypothalamic stimulation at vari-
ous stimulus frequencies (0.5 — 100 Hz)in the presence (open circles) and ab-
sence (closed circles) of picrotoxin on the reflex blood flow increase in lower
lip (LBF) elicited by electrical stimulation of the Iingual nerve (LN) in vago—
sympathectomized anaesthetized cats. Picrotoxin (1 mg/kg, i.v.) was adminis-
tered 10—20 min prior to repeated electrical stimulation of the LN. The ante-
rior hypothalamus was electrically stimulated (2 ms pulses at 50 Hz for 30 s
with stimulus intensity 0.1-0.2 mA) beginning 10 sec before LN stimulation
(2 ms pulses at 20 Hz, for 20 s with supramaximal intensity). Ordinate, value
of LBF increase expressed as a percentage of the increase elicited by electrical
stimulation of the LN alone. Values shown are means = S.E. from 6 animals.
Statistical significance was assessed using analysis of variance (ANOVA) for
repeated measurement followed by a contrast test for significance of differ-
ence. *, P < 0.05; **, P < 0.01 vs response elicited by LN stimulation alone.

and piloerection.

As shown in Fig. 4, the inhibitory effect of hypothalamic
stimulation was frequency—dependent at frequencies of more
than about 10 Hz, while there was no inhibitory effect at
frequencies of 0.5-5 Hz. The optimum stimulus frequency
for eliciting the inhibitory effect was 50 Hz (Fig. 4).

Prior administration of picrotoxin, a relatively specific an-
tagonist of GABA. receptors, (Bloom, 1990) at dose of 1mg
/kg, i.v. completely abolished the inhibitory effect induced
by electrical stimulation within the anterior hypothalamus at
any of the stimulus intensities (Fig. 3) or frequencies used

(Fig. 4). This suggests that GABAergic synapses might be
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Fig. 5. Representative transverse sections of hypothalamus (from 7 to 15 mm rostral to interaural line) showing location of sites at which an inhibitory response

was evoked by electrical stimulation (see Figs. 1-4). @, sites at which stimulation reduced the blood flow increase by more than 75 % ;

, more than 50 % ;

more than 25 % and O, sites from which no such inhibitory response was elicited. Calibration scale in mm. AC, anterior commissure ; AH, anterior hypothalamic
nucleus ; FX, fornix ; HAA, anterior hypothalamic area ; HDA, dorsal hypothalamic area ; H L, lateral hypothalamus ; OC, optic chiasma ; PHA, posterior hypotha-

lamic area ; VMH, ventromedial hypothalamic nucleus ; Vs third ventricle.

involved in relaying the inhibitory effect from the hypothala-
mus to the parasympathetic reflex vasodilator mechanism.
However, this reagent must be used with caution, since the
disinhibitory effect of picrotoxin had all but disappeared
within 90 min of its administration and since administration
of picrotoxin itself sometimes (5 out of 12 tests) caused a
vasodilator effect in the lower lip. A similar effect is ob-
served with pentylenetetrazole, another GABA receptor an-

tagonist (Izumi et al., 1995).

2. Sites from which hypothalamic inhibition was elicited
Figure 5 shows the location of histologically verified sites
in the periventricular and medial zones of the hypothalamus
at which electrical stimulation elicited a inhibitory effect on
the reflex increase in lip blood flow. As electrical stimula-
tion within the lateral zone of the hypothalamus, using a
similar stimulus current, evoked an increase in arterial blood
pressure, we did not try to examine the effect of stimulation
in this region on the parasympathetic reflex mechanism. The
effective stimulation sites lay in a region extending from an-
terior 15 mm to anterior 7 mm; the most effective sites all

being at anterior 13 mm.

3. Modulation of parasympathetic reflex vasodilatation
by microinjection of D, L-homocysteic acid (DLH)

Figure 6 shows the effect of microinjection into the ante-
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Fig. 6. Effect of microinjection of 0.2 ul of 1 M D,L-homocysteic acid
(DLH) and 0.2 pl physiological saline (saline) into the anterior hypothalamus
[anterior, 13 mm ; lateral , | mm ; 2.5 m below stereotactic zero (Snider and
Niemer, 1961)] on the blood flow increase in the lower lip reftexly elicited by
electrical stimulation of the lingual nerve alone (control). Values shown are
means * S.E. from 6 animals. Statistical significance was assessed using
analysis of variance (ANOVA). *, P < 0.05 vs control.

rior hypothalamus of D, L—homocysteic acid (DLH, 1 M,
0.2 ul), an excitatory amino acid , on the lip blood flow In-
crease reflexly elicited by LN stimulation. A statistically sig-
nificant attenuation of the control response was observed on
microinjection of DLH (reduced by 27.4 + 10.9%, n = 6; P<
0.05 using an ANOVA test), but not on microinjection of

saline alone.
Discussion

The initial aim of the present study was to determine if

any modulation could be evoked from the hypothalamus of
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the parasympathetically mediated reflex vasodilatation in
lower lip and palate evoked by electrical stimulation of the
LN in vago—sympathectomized cats. For this study, o—chlo-
ralose and urethane were chosen as the anaesthetic agents
because they have considerably fewer depressant effect on
central nervous structures than barbiturates or other com-
monly used general anaesthetics (Brown & Hilton , 1956;
Price, 1960; Izumi et al., 1997, 1999; Ito et al., 1998; Mi-
zuta et al., 2006). Our considerable experience with this an-
aesthetic regime has shown that, with careful attention to
dose and method of administration, it produces a stable and
consistent level of anaesthesia for an extended period of
time. Pancuroniium was used to allow control ventilation
and to prevent any muscle movement during periods of
brain stimulation, We have found that, when used in the
doses employed in our study, pancuronium produces immo-
bilization without any persistent effects on the cardiovascu-
lar system.

Electrical stimulation of the anterior hypothalamus with
an intensity in the range 50-500 LA elicited an attenuation
of the parasympathetically mediated reflex vasodilatation in
the lower lip and palate (Fig. 1). The effect was the intensity
—dependent (Fig. 3) and the optimal stimulus frequency was
50 Hz (Fig. 4). This optimum frequency was quite consistent
with those reported to induce (i) hypothalamic inhibition of
the baroreceptor reflex cardiovascular response (Coote et al.,
1979; Jordan et al., 1988; Mifflin et al., 1988), (ii) the hypo-
thalamic depressor response (Hilton & Spyer, 1971) and (iii)
the defence—alerting response, including muscle vasodilata-
tion, in response to hypothalamic stimulation (Abrahams et
al., 1960).

The question of stimulus spread is quite important. It
might be thought that spread to sensory structures (thalamus)
mediating pain sensation might account for the results. How-
ever, the highly localized distribution of the most effective
electrode positions within the anterior hypothalamus argues
against this conclusion. It was necessary to increase the
stimulus intensity three to four times to elicit similar inhibi-
tory effects at points only 2 mm removed from the optimal
area. Also, Figure 5 shows that sites in the optic chiasma
and optic tract were consistently ineffective, as were those
dorsal to (i.e. on the thalamic side) of the effective sites. It
therefore seems unlikely that stimulus spread and pain sen-
sation contributed significantly to the results.

A number of factors had to be considered as possible con-

tributors to the inhibitory effect. Hypothalamic stimulation is
known to release adrenaline from the adrenal medulla, as
well as ADH from the pituitary gland, and to influence
preganglionic sympathetic neurons (Harris & Loewy, 1990).
However, it is unlikely that the present inhibitory effect is
due to a release of these humoral substances or to any sym-
pathetically mediated action, since (i) the inhibitory effect
occurred in animals sympathectomized in the neck and was
unaffected by spinal section at the level of C, (unpublished
observation), (ii) electrical stimulation of the anterior hypo-
thalamus with the stimulus characteristics used in the present
study elicited an inhibitory effect without any increase in ar-
terial blood pressure, (iii) the latency is too short for a hu-
moral effect of that type. Thus, these results suggest that the
inhibitory effect is due to a direct neural effect exerted at
some sites in the reflex arc for the parasympathetic vasodila-
tation. From the present results, a likely inference is that the
anterior hypothalamus sends inhibitory fibers to the pregan-
glionic parasympathetic neurons situated within the inferior
and superior salivatory nuclei. However, as discussed more
fully below, it remains obscure whether or not the inhibitory
responses derive from specific anterior hypothalamic neu-
rons alone or from some pathways traversing this area, since
the degree of inhibition induced by the microinjection of
DLH was much smaller (20-30%)(Fig. 6) than that elicited
by electrical stimulation of the anterior hypothalamus (Figs.
3&4).

Picrotoxin blocked the hypothalamic inhibition of the re-
flex vasodilator response in the lower lip (Figs. 3 & 4), sug-
gesting that the hypothalamic inhibitory effect might be me-
diated by GABA-like effects, possibly within the superior
and inferior salivatory nuclei, which presumably correspond
to the reticular area dorsal to the facial nucleus termed DFA
(dorsal to the facial nucleus) by Kuo et al. (1987). Electrical
and chemical (glutamate) stimulation of DFA has been re-
ported to increase regional blood flow in extracranial tissues
by activating parasympathetic preganglionic neurons, with-
out induced changes in systemic arterial blood pressure
(Chyi et al., 1995; Kuo et al., 1995). This disinhibitory ef-
fect of picrotoxin may be similar to those observed at other
sites which suggest that GABAergic synapses may be in-
volved in the modulation of cardiorespiratory control proc-
esses. For example, general anaesthetics depress evoked po-
tentials in the thalamus and hypothalamus and may convert

responses to somatic afferent fiber stimulation from depres-
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sor to pressor ones. The underlying mechanism has been
said to be due to an enhancement or imitation of the action
of GABA at central vasomotor synapses (Lalley, 1980;
Price, 1960). Interestingly, Jordan et al. (1988), who made
intracellular recordings from neurons receiving baroreceptor
inputs, have reported the possibility that GABA may act as
an inhibitory transmitter mediating the inhibitory actions of
hypothalamic defence area stimulation on neurons of the nu-
cleus tractus solitarius.

In our mapping study, the anterior hypothalamus was
found to be the most effective area, among the periventricu-
lar hypothalamic regions examined, in eliciting the inhibi-
tory effect, although other hypothalamic areas had a moder-
ate inhibitory effect (Fig. 5). The finding that stimulation
within a relatively wide area of the hypothalamus evoked
the inhibitory effect might reflect either the existence of re-
ciprocal neural links between the various hypothalamic nu-
clei (see review by Luiten et al., 1987) or to activation of
axons travelling to or from a specific inhibitory locus or, in-
deed, through it.

A number of cardiovascular responses (pressor, depressor,
defence responses etc.) can be evoked from the hypothala-
mus (see review by Jordan, 1990). Hypothalamic inhibition
of the baroreceptor reflex cardiovascular response is well—at-
tested (see review by Spyer, 1990) and can be evoked from
an area that might include our inhibitory area. This may in-
dicate that more than one type of response can be evoked
from a single area. This could occur if a particular area has,
say, a rather general inhibitory role, or if axons belonging to
different neural systems all pass through one and the same
area.

Only comparatively few neural pathways have been posi-
tively shown to run between the hypothalamus and pregan-
glionic parasympathetic neurons. These are (i) the pathway
from the paraventricular nucleus to the Edinger—Westphal
component of the oculomotor complex and to the dorsal va-
gal complex, which consists of preganglionic neurons of the
dorsal motor nucleus of the vagus (see reviews by Luiten et
al., 1987; Swanson, 1987), and (ii) the lateral hypothalamic
input to the superior salivary nucleus (Hosoya et al., 1983).

Although electrical stimulation has played an important
role in the identification of the specific brain regions which
subserve emotional behavioural and other responses, a major
disadvantage is that both cell bodies and axons of passage

are excited by the stimulating current (Rank, 1975). There-

fore, it is not clear whether the inhibitory effect elicited by
electrical stimulation is due to excitation of cell bodies or of
fibers of passage.

For this reason, it is useful to employ another method of
stimulating central neurons, by introducing an excitatory
amino acid (e.g. L—glutamic acid or DLH) into their imme-
diate environment. As shown in Fig. 6, a statistically signifi-
cant inhibitory effect was observed after microinjection of
DLH, suggesting that cell bodies in the anterior hypothala-
mus are responsible, at least in part, for the inhibitory ac-
tion. However, the inhibitory effect of DLH was much
smaller than that caused by electrical stimulation of the ante-
rior hypothalamus. There are a number of factors that may
underlie this discrepancy. One is the responsiveness of the
cell bodies to DLH; others are the density of the relevant
cell bodies within the anterior hypothalamus, electrical (but
not chemical) excitation of axons to or from the anterior hy-
pothalamus, different degrees of spread of the two types of
stimulus, and the possible involvement of fibers of passage.
At this stage, it is not possible to locate with any precision a
“DLH-effective zone” (in other words, to be sure of the lo-
cation of the cell-bodies. responsible for the inhibitory in-
fluence over the reflex response). This is because (i) fewer
sites were stimulated with DLH than by electrical stimula-
tion (moving the guide cannula to several sites would cause
too much damage to the brain), and the DLH—effective sites
were scattered around the anterior hypothalamus (but not
outside it), and (ii) the inhibitory effect of DLH was of
about the same magnitude (20-30%, see Fig. 6) at each of
the effective sites stimulated. For that reason, in contrast to
the situation with electrical stimulation, there was no possi-
bility of identifying an area in which stimulation was par-
ticularly effective within a less—effective zone. At this stage,
we can only say that, as injection of DLH into the anterior
hypothalamus was effective in evoking the inhibition, the
anterior hypothalamus presumably contain the cell-bodies of
neurons that mediate this effect is not evoked merely by
stimulation of fibers of passage.

In the present experiments, electrical stimulation of the
anterior hypothalamus elicited the inhibitory effect described
here without raising arterial blood pressure. Thus, the inhibi-
tory effect we evoked from the anterior hypothalamic area
probably has no physiological association with the defence
reaction, which involves a pronounced rise in blood pres-

sure, even though the defence area appears to be close to
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our inhibitory area at the anterior hypothalamic level. Fur-
ther support for this assumption is that neither electrical
stimulation of the present type nor chemical stimulation
(DLH) of anterior hypothalamus induced any other auto-
nomic effects, such as pupilary dilatation and piloerection
(characteristic components of the defence reaction). How-
ever, it must be admitted that the sympathetic innervation of
the iris would have been severed by our cervical sympathec-
tomy. This is the first detailed study showing an influence
of the anterior hypothalamus over non-—vagal parasympa-
thetic reflex mechanisms involving the oro—facial areas of
the cat. Further study will be needed to determine if the ef-
fect can be ascribed to a particular anatomical entity and to

examine its physiological significance.
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The relation between denture prosthetics treatment and nutrition condition
in the Tohoku Earthquake area.
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