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Functional organization of upper cervical respiratory neurons
in mammals. Mamoru AoOKI (Sapporo Medical University, School of Medicine, Depart-

ment of Physiology)
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w RGN Lic. 20T CP oRIMhR
HREND L, ROEBROREED R ELETHE
KL, BRIMEHROLZBE L. 2hbD
BRI D, KEBFHBEMRMEIR I R0 v
FF AN LT CIN & IOKRREES = - —

v VICREBERERY T5 & Ris3hie.

CORBRRERIL, RET RN RS
= e—r VEREESIVSE VT T RAER TS E
WO RO A EEMT B &, CIN %Rk
L CHIREOES) = - — v vICHENCZEY b
2B EETBRLTS.

V. & %®

A. FEEHRPEES 2 —0O Y EORELRMG

I F TOEE LR I CMMFREE Lo KR
Iy, =2 (EcHEg C1-C24i5, 13 C3 &
), v+ (C2-C3 ), v+ (C1-C2
EaE), v (C1-C2 Biff) o LiRER LR
M= o—r YR RETSHZENERSRI. L
L, %2 C 1EMH B BRE TNTRA
& 4 7 (I-Phasic #l % X 0* I-Tonic ) TH
B3, Fy b CREBHEFEMEDOTEZ 1 7D
BEL, =2—v vORENERIIEMC LD
—BE TRV REER O BEO SEXEM D
fa2E1c 12BAR % ¢, Rexed @ Lamina VII iz 4§
W5 s A AR T, BE & BRI BTE
LTCw5b. ZOME—iERAELRY, =a—
ey O—FIEBERNCHREL TS ¥/, 20
TR IO %5 (N, retroambigualis,
NR) B BFHARC EE LKL icsTW5D,
NR DB AHIERE LR = = — = vE &I
Sxiew. Thit, e b r 2Tk, HE
BORAMTCIMERM = o — v vO LD LEBES
HTW52, GeEC 1 EmErbac kel =
a—r VB bDZEDND, RO NROK
Bie= o — e v IBENCt= 2 —m v
BhbLRHET LS.

B. SRS 2 —A VI FEETE

CBAE$ 357

Fa, 4%, vHF, Ty I‘tﬁg@uﬁﬂxﬁ%
TI3HG « FEREO BB IFRME Y X & FE 4 &
(Respiratory rhythm generator, RRG) 237
FTBH LRV, L L, MEEEHY
P h L= F B4 (spinal animal) TR M
Y RANFEETHNE 5B LTI & 1R
FBLTWwigw. LUK, 1%, 2, v
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FEHWC, EEMEHC1-2, ¥71x C2-3 8
Hi T2 LICRRE CRIR MR D DB MR
Fehta EHERR L eGS0 05 ST
%. Viala 4403 w0 C2-3 v~
T LcEAT, Eynm (Nialamide 3
XODOPA) #+5z bt v, BEHEROHE
FEMEE R RRIE B 3o 3 OSTURE A O 55 i s B 2
170 locomotor rhythm % Z34% 1L, SEEEH O
RRG & %% X OBfENE7E 3 % locomo-
tor rhythm generator o iz g #E# k235 b,
BHRERE DD LERL TS,

EE DO X 20 ERY TRV B BRI
% (spinal respiration) {2 C3 v <~ A D IFEEi4&H)
WiCIE Ul otcZ b, L#Es C1-2
BEENOERME: = = — v VISFHMEPR Y X A
RECBEELTW DA RBEREFEL OIS,
LU, BeREfbL, HREOFEH %
L8R Licv @ 5 fictive respiration OJRERT
C1-2 BEMiDEEME= o — v VAEBI LT\ 5
FERILHIRIZE DR T i, THFEFDH
BN RRG 2AEERMTHB Z L2 KK EE
CO, VA% 40 B4R THE ETRR
HERHERHI AT, LERZTUH DB L
PHELBEMNTERTWS. Lhl, ZOBED
RRG 1 C 3 v_ o £01i% OERTE LR
Fe iR IEB) fe D © C1-C 2 B DRl = - —
rYBELIRHO = 2 — v VRO EBNC X 5 THE
D 5.

C. MERLSHROBE

BEFTREL LT a2 AVWTHLAR X
NIRRT Btk = = — = v (CIN) o AHJIB8R
Bh LR, EHFERM= 2 —r v EOERB X
O CIN o FIEsREHFOTEL ¥ = —~1C
FTERBD L5 ILinD. DOV =—<nbd
2B Lo, MEREOERCBEL T, %
RERRBHAD D CEITRHEEREABELBIA
T, SHILERFNEBDEELTHHEE L
TUTOERBBET RS,

1) CIN o BZESAILF 2 8 L OO B T
3l U CIREE A (Rexed VII &) wfiee
THEREIND. LrL, ZLLixflNo =

DRG

BOT
VRG
(NA.NPA)

¢VRG
(NRA)

—»Phrenic

@) Ext. intercost

@——->

&

Int, Intercost<—i—()

Ao

8. THEAMPRM: = o —w VT3 5 AEREIER M
=a—r VN LOERE, BRHIFEM=S 2 —m v
DTITHRRHD <& — v, ARLRREH= - —
vy, BIUIEEM = . —r vEIRT, RENTES
HERL, BERREVFTAERTHHLILE
R LV, Z“EHITER = - — = vERT. BOT

Botzinger, Complex X : 10 th cranial nerve, NA:

nucleus ambiguus, NPA: nucleus para-ambigualis,
NRA : nucleus retroambigualis, CIN : cervical in-
spiratory neuron, NTS : nucleus tractus solitarius.
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\'@——>Abdomina|

a—r VREOEFERNMLOHETHY, K
BoMRGEOMBEL X ThEDELEE L DR
5. SHMARARaEC X Y, MigtorEy
REIERC S DIRIEBCRAEL, * 2% X0
B & OB OWT LTS HDER D
%. Bifg, CIN o RERLMIZEH O BIME= =
~ e VORMEILES ZESRHALME IR T
7, 89,45)

2) CIN oRerEs, T b bilifatko
e, BREER ICBMEETRERBEALL
RERATHS. EELILIANCHIEAHEENC
HRP %A L, C1-2 Biffio K 3 E rhiH -l
W T E#R I hioh, MO LSEK: = -
—rYRBELE. LhL, ThbD=2—n=
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vt CIN 285 2 izRE LTuwiny. &R,
B L BEEARE (C5) bIkg 2» b WGA-
HRP %#HEhiAEw, &7 7 AT iEE
%% (retrograde transynaptic labeling) i %
CIN 8 X 0VEH VRG = o — e vHHELL.
DETED B A5, transynaptic KBRS hic
CIN = . —w vikfatk 23 $ 10 gm (20~30
pm) TR AEPRHRFEEL O CREERT
—x). 5113 bz, HRP % Biocytin 7 &
AT CIN il EEEAL, 20k
EREHEEHOMC L, FHEERO AEFO
IR EHRCTIDERHD.

3) CIN ofZR#FEHDOITE R X ORI TER
EH= . —wr Ve vr T AERCBELT, EH
b & fBFZEE b O RIBBER-F1H 5. £
DELEHRE LT, BHHEOECEET LR
5. fiprgesdgr CIN = . — e vREEERE
iR RS L OB L CIN =21 2
% F UV — &35 spike triggered averaging
(STA) VT b, Lo L, KRBT R
Bth=a—r v bOTFHOKBAINRD S
KRBT, HBEtORWEHEBREY = o —» v
ERRIEER = o — » vOBAR H & h,
CIN L H5fRESER) = o~ — r v E D ¥ 7 AR
VEAHBIMRMTEE & 2k STA TRBEH LS B,
ZHZEDRIORRERL d, &KiE, RFGHE
(focal cooling) iz X D RS TR CHREMNHOTF
TTHA T2~ R L. co#4, CIN
OEBWFESIEILTHOT, 28N 5 ABE
EHWTC—HDBEBH S L-glutamate Z A
L, CIND 35t FEBEAEUIE, LTDAAL 2
bYA=, LT STA 2k o1, ZOHE
kb, hrvERe 38%) HyrS Ak
1%~ + 7 A#E (oligosynaptic) & & dh 5
BRSNS RETER?. o> 7R
HEHOBEILC6HHF N DO N E=2—n
VIR INE S, OB OWTIHEIT X
nTnWinw. SEIBRF—-22EEL, P
Filg OB ER = = — v Vg L2 DOWT
3 CIN vy 7 AEEOFER L OEHEY
B T2HERDS.

4) CIN i3+ A o Tk,
VRG, DRG oM = o — v v HEY 7
AEDANIB DD EPELAEI R T WS
2, EHOWEM= o — v v LOERCEL
TREBHTHS. “oHcBELT, CIND
MRS RO IPSP 2355 &%
z2bh, HEHEOWEM= = — r YRLDEFHL
LT&ETFbhs. CINEHT5RBEATEL
T, B, SHUDORFEMRED DO MHIMEA T
HFWHENINT BN, BRI IEFHOFE RS
BaMTsEREINBHE, £OATIDOFIRA
BBIIET I h Tz,

D. EHRET 2 —A Y OBEENES

ko X 5, BFER =0 CIN © AHHBIH
D—HHEH I hIRBTH%. FLo CINo
BEtEmoWTd RER—H L TR IREBT
T OBIENER Y PRCB NS DI L.
ULinl, ZERIERSICEL, EHOFERYE =
a— B YD T RERA T %2} C CIN
BEHL, THELOHNEFRGER = = —
rYRELD. W5 premotor = o —nr v
ELTOMERE O LIIHELEZLS.

72721, 23 513 CIN 234/ % premotor =
a—rvELTOBECE LT, ZORE
ez, AHAEAGRNLD, FIEBRTBITHH
BEH == — » v % (propriospinal control
system) 2R T 5 & S IEERFRIRBLT
Wi, Zhidk zofMER RO 'C3-C4 E
= a— v VR HBEIEOEBFEMRY &L
TECTWB ZEDEUENLTHD. htkE
BIROEE= o — 2 VR ED = 2 — v VEMN
C3-C4 HffioKABVIRB D v, KMKE -
HH% » Rtk T KRN T8 BRI
AN%Zr, SHICKE « fHibORBEAD
%}, ThbDANDOHEIRIcH % ES
= a—wvigfErs. CIN {200 5T,
FHER = = — 7 VROZHFEZL LTS,
BEFTEHLMIMI W KT, EHO
VRG, DRG ofiiic, KB¥EEEEEH oA
Bal o> CHRY > 7 ARDOREHA TR ZT S
T &, EREBKREES DE Y T AEOH
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5.

SHIBI, TORBEEKRIETS DL

BHEEBROEE = 2 — » VR & OB
BNGLELRSS.

i CIN 2B O RIE O B L s

DITE) (# 2iF vomiting) BRI EE) TS
CBETD LW mERITE by, CIND
BHEOEHERAESDEL IR TW5.
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Ultrastructural and biochemical enzymatic properties of right
ventricular muscles during hindlimb suspension in rats. Tomoyuki
KUNISHIMA (Department of Physiology, St. Marianna University School of Medicine, 2—
16-1 Sugao, Miyamae, Kawasaki, Kanagawa 216, Japan)

As a result of exposure to microgravitational forces, the body fluids are shifted from
lower part of the body to upper part with a volume of about 2 liters. Many reports on the
hemodynamic, humoral, and other biomedical aspects of the body exposed by weightless-
ness have been reported.

A 45° head-down tail suspension was introduced to examine ultrastructure and bio-
chemical analyses on the right and left ventricles in rats. Increases in oxydative enzyme
activities and relatively increase in m-CK (mitochondrial creatine kinase)were recognized
in the right ventricle after suspension for 2 weeks. Mitochondrial volume and density of
mitochondrial cristae were also increased. Direct measurement of right ventricular sys-
tolic pressure of suspended rats were significantly higher (28.99+3.11 mmHg) than that
of control rats (20.99+2.94 mmHg), (p<0.01).

key words : tail suspension, myocardium, ultrastructure, enzyme activity, energy

metabolism
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b FARERRECBRIRES, BEREER
CER IETHEERIED 128 LT, TEHes
i L O e MR LMK Pk s h s 2 &
XD EEHFNOGKRESHFEDHS. et &H
Wicli b (1G) BB 30 5 RLUEE NBED
Vall=vavEFAL LTI XKBE
(water immersion) IEHHIEMENEY: (head-
down bed rest) A —fANZ AV BT 55,
IRBOFEEHNT, BEEREOCERER
XA 8o T, MAIEHmTEREY
9, R VEIEEIOWLIY e VOB ENDE D
PFog, MEXNRIhTHBE. LaLkds, O
=¥ —HAC Bl ST 5 £ ERER, LEN
DBBMEE e & O EROPIZE, B LOHLR
DIRRER FH L C L BRI I 12. s huig,
L PR EDOEREFALE LTOWALLE, @i
DofEly & T 5 DB, Swan-Ganz
AT =TT EREETHLI L —HL

CPRCS 2 A 9 HEA)

TwaeEzbh5.

W, EREMERACCRUEERRECH
AL LT, 4&%E (body suspension),
BIRfRIE (tail suspension : LT, TS) 7z &ad
AobhTEk. o sy b % B iz “TS
model” 13, WIEIREZRBC LIS bOE
RERACHRT28WET A E LTERES
x’_ Bhf\l‘éfb,m,:ﬁ)).

FCTAPRNL, BEREREOY . IVv—v
a VEFAE LT TSmodel # Hys, ZD{EER
BRROFIT L b D=3 V¥ —fHADE
b L RENE, DEHOBBMESE Ay
CEHi L, & 7oA ORI D 7o DR R EF
i, »7—7 M FWcBnNALEEREY
filgw, ZOEEBr O OWTHER T EX Y
& L.

I.% & % &

A. £EREMi LV suspension OFik
EEAEIY 1w 12 Wistar RS » b (269~
350g, 9:EEs) 27TIN% v, KENRESYER
L TS B (& 45 T H @) fothfr s
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Fig, 1.
at 45° head-down position.

Tail suspension model of rat suspended

2;BRIMELT, Fig. 1) LxBE#E (LT, C#) <
St ESEEMEYE CTEBELUR
ARLE BER S, AFEOREII2NERE Y1
s TREREYERL, BE25:1E, BESS:
S %L, BALEEEOEDS “hLEFE
BRI 3517 5 B RRic B 5 EARIRE
/ﬁé i,

B. 4ihik

1. C #sXxor TS B, #5WEeMERT

#iz sodium pentobarbital (50mg/kg body
weight) BT (i p.) K CHBIESRIBEZTT
WDER SO EREE L, UTOERZT-
7o,

a. LFBERRIOCNEELOHE.

b. DFFEERIEMEDOWIE.

i LD EELERHCoBErE o F 4
A, BHEOSEE L EEYAWT, L=
FAF—RBOIBEL LTREREE TDH 5
phosphofructokinase (PFK), lactate dehydro-
genase (LDH), BBt RBYHE T »H % succinate
dehydrogenase(SDH), malate dehydrogenase
(MDH) s Xt 7 v 7+ v —+ (CK) D%
EMEER bote CK E%ER Liz. MDH i1
Suominen & Heikkinen?®, PFK i Shonk &

Boxer?9, SDH % Cooperstein et al® o ##
févs, LDH & CKix2h % LDHopt., €
7A1® CK-NAC /5 RAIF® (R—p) vy
— e v AZARE, FR) RV

CK 4HEicvouvTiL, hydrophobic interaction

chromatography®® X v s b2 v FITRE

#£4+% m-CK % Phenyl Sepharose CL-4B
(PharmaciaftBl, AV = —7 v) &HWToHHE
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A1) BEREBCHGE. BORCERX Yk
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Ihav Y TOLEDBARER Y BH LY
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Table 1.  Myocardial Weight and Myocardial Weight/

Body Weight of Rats

Control group TS group
(n=5) (n=5)
Body weight (g) 309+5.83 271414.63**
Myocardial weight (g) 1.134+0.11 1.01+ 0.09
Myocardial weight x10° 3.670.34 374+ 028

Body weight

The values are given as means+SD, TS, tail suspension rats.
** Significantly different from corresponding control value at

p<0.01.

Table 2,  Activities of Myocardial Enzyme of Heart Muscles

from Rats
Control group TS group
(n=5) (n=5)

SDH (gmoles/min/mg protein)

RVFW 3.87+0.89 15,34 45,37+

LVFW 8.55+6.50 8.97+1.07
MDH (I. U./mg protein)

RVFW 5.98+0.92 10.38+2,93*

LVFW 6.1710.16 5.88+1.33
LDH (I U./mg protein)

RVFW 9.11+1.73 10.50+2.18

LVFW 9.92+1.86 9.31+1.96
PFK (I. U.x10%/mg protein)

RVFW 412+1.64 6.044:1.92

LVFwW 8.90+3.80 7.09+1.45
CK (L. U./mg protein)

RVFW 16.84+1.36 20.83:+4.04

LVFW 19.07+0.82 22.53+6.10
m-CK (I U./mg protein)

RVFW 0.24+0.03 0.37+0.21

LVFW 0.31+0.05 0.31+0.10
CK-MM (1. U./mg protein)

RVFW 15.60+1.47 19.14+3.44

LVFW 17.05+1.08 20.03+5.19
CK-(BB+MB) (I. U./mg protein) )

RVFW 1.01+0.18 1.33+0.67

LVFW 1.71+0.37 2.20+0.90

The values are given as means+SD, TS, tail suspension rats.

RVFW :right ventricular free wall, LVFW : left ventricular free wall,
SDH : succinate dehydrogenase, MDH : malate dehydrogenase, LDH :
lactate dehydrogenase, PFK : phosphofructokinase, CK : creatine

kinase, m-CK : mitochondrial-CK.

* Significantly different from corresponding control value at p<0.05.
** Significantly different from corresponding control value at p<(0.01.
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Fig. 2.

Relationship between succinate dehydrogenase (SDH)and malate dehydro-

genase (MDH) activities, The values are given as means+SD,
@, right ventricular free wall of control rats ; O, right ventricular free wall of tail
suspension rats ; A, left ventricular free wall of control rats ; [ll, left ventricular free

wall of tail suspension rats,
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Fig, 3. Relationship among phosphofructo-

kinase (PFK), lactate dehydrogenase (LDH) and
malate dehydrogenase (MDH) activities, The val-
ues are given as means+SD, Abbreviations are
the same as in Fig, 2,

2. BimiAOEEMED =D, CR(61E)
FXot TS # (11E) % Ay, Sodium pento-
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wCE EE Uictg, AR iBE Ah,
anterior facial vein 2343Ik3 % §j0 external
jugular vein L )~y v ) v A& Lz
NF—FN (T—=HANAT 4 Ay b AT —F
n20G; BAY v — 7y FHE, TR 24D
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— (PC-204 ; SONY #&, HI) & HwTaEs
Tl ot ks, JEBME L DIME, O

C BREBLIET, EFFRREBNEL AL

T AITE I ERE Pk L, S bR
ALtz TRTOFER, KR+ 1E, BE
55+ 5 OBRE T TR - 7.

3. @ e

7% B4 CORUEED £ FEH D O BE L Stu-

dent —test % FVs, WTROBE L RREK 5%
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. #& ®

A DHERSLUNGEL

BRI BT 5 LHEROERE b O Rk
EH% Table 1 iRk Lic. #axHil, sHhEbc
BOTCHLE TSHEOBERLEITD S
nich ot

B. BERIEME

EALERCOWTER L HERERIEE
% Table 2 R L1-.

Bt REEH TH % SDH, MDH JEHAER 61
T, SDH iEM{E Ciz A LB s\ T CREE TS
HEOMEE 7t & (CEE3.87+0.89 pmoles/
min/mg protein = % L TS # 15.34+5.37
pmoles/min/mg protein ; p<{0.01) 238> Hh
oo EDBrBwTit C 8L TS #L ol
ERRDIhote. TLT, CHTRAELEE
ELDBLEORCAERBLELR D It ot BY,
TSHTRELE L ELBEOMc BER ik £
(#5028 15.34£5.37 ymoles/min/mg protein i
st U 0>588.97 £ 1.07 pmoles/min/mg protein;
p<0.05) AR E i, MDH EM(EIC 50T d,

ALBCTCRETSHLOBEERE (C
£ 598+0.921L U./mg protein =xf L TS #%
10.38+2.93 I. U./mg protein ; p<{0.05) 2338
bhie. EOBrRWTit, CHE TSHED
M Z12FB i d - e (Fig. 2).
fREEREFRTH 5 LDH, PFK ySH:fE T3,

MELDCEDLERIVELBC RS WTCHE
TS BFEOBEZIZD LR, 5T,

PEZoD0=5 1 F — 815 LT
HIRREREER L LREER (MDH % F 7o)
LDoBfR%E Fig.3 Rl TS BALER
T, MERBEREEORME &b bl Bk
REEREEOH MR I .

#ifapy ATP/ADP Hift#goETH S
CK iEffBEIC %5\ T, total CK {EH:fHIC A X
REIED I o1 (Table2). ¥ riEf
LEHD CK 4E (m-CK, CK-MM, -MB,
-BB) oW T &5 &, TS #ALE o m-CK
DEME L0 CK-MM o AMER A A bt
B, BRERERBRDIR, - (Fig. 4).

C. ZHEHEE DB Himig &

ERELEG»LEBOhETERE T E Y

CK isoenzyme composition (%)

50 75 100

Control
th
TS
Lv {
S

0 25
r T
Control
T

m-CK

] cK-MM

Fig, 4.

M ck-mB
CK-BB

Creatine kinase (CK) isoenzyme (%) of right ventricular free wall (RV)and

left ventricular free wall (LV) of control and tail suspension (TS) rats.

m-CK, mitochondrial-CK.
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Fig.5 @R L. EOEBIOALEDIRIFEH a2 v N Y 7OHMEEL DEEBGEHE D
A DE LR RETHES. BER It = LONEL, FD 7Y AT OEBEL B EAR
v ¥ 7B MR, 5 IZMREET B ot

CHEIR, FORBT—ARDLHHEY DK D. oY% - BTFEMRORE
30%THH TS IHHEBFREDLO Rt » it EMET Rk T, C Bkl

fo. Ldslichin, TS BALBE RIS It TS B THBIROIKESEELE R DA, I

A and C,

il. Calibration bar, 1.0 gm.

ricular free wall ;
f, myofi

’

C and D, left vent
tochondria

’
; m, mi

10N

Electron micrographs of the right and left ventricles of control and tail
ts. Two myocardial cells are seen in “A”.

B and D, tail suspens

Fig, 5.

suspension ra

A and B, right ventricular free wall
control
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Fig, 6, Electron micrographs of the

terminal pulmonary arteries of control and tail
suspension rats.

1, Lumen of pulmonary artery ; 2, Small lymphocyte ; 3, Erythrocyte ; 4, Endothelial cell;
5, Smooth muscle ; 6, Fine collagenous fibril. Calibration bar, 2.0 pm (A), 1.0 ym (B).
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Right Ventricular Pressure

Control RV

Fig, 7.
RV, right ventricle.

40 ~ * % P<0.01
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Control TS

Fig. 8. Right ventricular systolic pressure of

control and tail suspension (TS) rats. The values
are given as means+SD.

**Significantly different from corresponding con-
trol value at p<{0.01.

Records of right ventricular pressure of control and tail suspension (TS) rats.

BRI ITHAN LR R DR T,

—%, CEB X0 TS D terminal pulmo-
nary artery b & LB FEESEEHECE
Wi, C#EL ik LT TS HTiRmEERND
TR BT 2 B bh, Fiim i
FED EIREME D R X huic (Fig. 6).

E. ELEE

Fig. 7w C @& 10t TS Bz k1 5 REH
B LBEEXR L. o bAVRSEOE
BRicks\ Wik, ALEENECELTFROE
EH3E ¥ D T ARBFFRE TR A IR %
Bl ZofR CHELEECHK LTS #
HUBEOERE BN RIhic (CH2099+
294 mmHg wxf L TS # 28.99+3.11 mmHg ;
p<<0.01). 7g3s10MEIFEWL Y b o #RAEIIE
TEWTh, C #1831+229mmHg Xt L
TS #24.42+311mmHg & H7E 7% (p<0.01)
%@ »7-(Table 3, Fig. 8).

V. & %

e b OFERGRCBES D, HRK RE
DIET, EBRNOET, BIuMEOETRE
OBBUERFAL, F& LTHREESMCE b
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Table 3. Right Ventricular Pressure in Rats
Control group TS group
(n=5) (n=7)
Peak systolic pressure (mmHg) 20.99+2.94 28.99+3,11%+*
Average pressure (mmHg) 18.314+2.29 24424311

The values are given as means--SD, TS, tail suspension rats.
** Significantly different from corresponding control value at p<{0.01.
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Measurement of pain threshold and tolerance threshold using
radiant heat stimulation. —Regional difference, sex difference,
expression of sensation——. Hisanao Axita, Kazuko NopA and Sadao
AlkAawa (Department of Physiology, School of Hygienic Sciences, Kitasato University, I-
15-1 Kitasato, Sagamihara, Kanagawa 228, Japan)

In 1940, Hardy had developed a method of radiant heat stimulation and succeeded to
determine pain threshold quantitatively. An algometer NYT-55 was developed according
to his principle by Nakahama and Yamamoto, which was a further developed version of
Hardy’s model.

In the present study, pain threshold and tolerance threshold were measured quantita-
tively, using Initial Skin Temperature Controlled Repeated Thermal Stimulation System
(STRTS) which was composed of NYT-55 (KUDO ELECTRIC Co.) and a microcomputer
PC-9801 VM 21 (NEC Co.). The following results were obtained in healthy volunteer
students (62 males and 61 females). The pain and tolerance threshold were changed at
every measurement sites on the body surface. The sex differences were observed for both
pain and tolerance threshold. In general, the male’s threshold intensity was higher than
that of female. The pain threshold of trained subjects who have experienced preparatory
training about pain measurement were relatively stable, while the threshold of untrained
subjects were unstable,

key words : radiant heat stimulation, pain threshold, tolerance threshold, regional

difference, sex difference
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Fig, 1, Rising curve of skin temperature dur-

ing application of radiant heat stimuli, When the
skin temperature was reached to 34°C, the ra-
diant heat stimulation with 200 mcal/sec/cm?
was started, Rising of skin temperature, the sub-
jects felt different sensation, S “sensation”, H :
“heat”, P : “pain” and T . “tolerance”. P is pain
threshold.

Fig, 2. Points of pain threshold measurement.
Pain thresholds for radiant heat stimuli were
measured at the six different points (P1 to P6),
and points of opposite side (P 7 to P9) were used
for pilot test.
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Fig. 3. Relation between radiant heat stimuli
and pain thresholds. A : peak temperature of skin
at the pain threshold, B : response time to reach
the pain threshold. (male : n=5) Each value rep-
resents the mean=+SD,
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Fig, 4, Relation between threshold time and

peak temperature of skin for radiant heat stimuli.
A :P2 B: P4, Cross marks: male(n=62). Closed
circles : female (n=61).
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Difference of sex and location of pain
thresholds. A : peak temperature of skin, B:
threshold time. Hatched column : male (n=8).
Open column : female (n=39). Each value rep-
resents the mean+SD, (#p<0.05)
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SD. (xp<0.05)
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Table 1. Sensory grade of conditioning stimulation, pain threshold, and
tolerance threshold,
CONTORL (47°C) PAIN THRESHOLD TOLERANCE
{n=50) {(n=150) THRESHOLD <{n=50)
POINT GRADE -
THERMAL PAIN THERMAL PAIN THERMAL PAIN
SENS. SENS. SENS. SENS.  SENS. SENS.

0 8.0 32.0 5.3 33 6.0 2.0

1 16.0 32.0 14.7 26.7 0.0 0.0
P1 2 46.0 (%) 240 (%) 353 (%) 50.0 (%) 16.0 (%) 40(%)

3 20.0 6.0 38.7 16.7 20.0 24.0

4 10.0 6.0 6.0 33 58.0 70.0

0 2.0 12,0 2.0 0.7

1 10.0 20.0 2.0 15.3
P2 2 30.0 (%) 38.0 (%) 413 (%) 53.4 (%)

3 40,0 24,0 50.0 27.3

4 18.0 6.0 47 3.3

0 4.0 2.0 2.0 0.7

1 40 22.0 7.0 12.7
P3 2 24.0 (%) 320(%) 31.0 (%) 52.0 (%)

3 48.0 40.0 53.0 30.6

4 20.0 40 7.0 40

0 2.0 20.0 1.0 2.0

1 16.0 28.0 8.0 16.7
P4 2 34.0 (%) 32.0(%) 35.0 (%) 50.6 (%)

3 40.0 14.0 51.0 26.0

4 8.0 6.0 5.0 4.7

0 4.0 4.0 6.7 0.7

1 6.0 6.0 6.7 10.7
P5 2 4.0(%) 10.0 (%) 30.7 (%) 453 (%)

3 36.0 54.0 45.2 36.0

4 50.0 26.0 10.7 73

0 0.0 10.0 0.0 0.7 0.0 0.0

1 6.0 12.0 74 24.7 0.0 2.0
P6 2 16.0 (%) 24.0 (%) 33.3(%) 473 (%) 4.0 (%) 10.0 (%)

3 42,0 40.0 48.0 240 44.0 20.0

4 36.0 140 11.3 33 52.0 68.0
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Fig, 7.

Peak temperature of skin of untrained subjects (broken line)and trained

subjects (solid line) for repeated radiant heat stimuli (female : n=13). Abscissa : trial

number, Each value represents the mean=+SD,
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L EBDTHL, EEOE 213 F#1.0~2.0mm
ThHbHN, FEPLRETIE 3.0mm b s
5. REOMEITER»S 0.5mm & l4mm
DRI MEIREE D b, FEEed LOmm
DAOEEAN E#H 2.0mm o 5 Fic SIEH IR GES
HHY. CORTRFETHEREIMEFEIEK
FofREickE {BHEL, TOFBEC L DHE
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DRI EAREIC & » TERIE 2 b 3
ZEANVF-NEHREIhDbDEELBRS. ¥
7o Della® (3fFEI4ABFEH R L v, BEDOE
SR> THREOHENETHELTHS. &
5 LicwmB RS EIOMER X W B bhicHmER
EDOFAIEDFHAOHKME b b, HEDOHF
EREBREAEEDE VWV XA EERELT
w5,

19784, Croze 55154« 10A%33C OB
CAR, FHEEREE33CeHE L 5 2
T, EFEcmkic X5 R0 Y 52 mE
BE L MEMELHIEL, TOEX4TTH-
TeEHE LTS, SEIOESERIHY Bic
FEHBIE L MR E O 2, THRHEO Plieo
WTIEBHETIMO C, LTk 35CoRE
#tk v, Croze LOBERCEWELRL T
5. Linl, EHP6>WTAhRDE, BET
EPLERUSCTHS DI L, &hETiX
L7CLBEENRL LT V5. Zhit P6
BEMCH b, ThicKil > L OB ER L
TwadbDeEbbhb.

¥, FERPBANECEL T, TEX
BHHELICEE, TRoEVFEAE R UK &
&), BIV ML bBEAOBRR O T
hEREE TR L T, MR BIEC DR
WHBLh 5. TEARMSE L&) HEES
THEBEOHINHEL L, IS it
THRWERHRED ATy FNKREL BT LTk
ChR~iz. iz, ERER 7Y $03407
SHEEDDIRCETLRT VB, BYELD
BIBITEE L. LT, IR Tuioun
BEEL R L UTERNRARIE TS
BV, TR-E0ELIER U & &) »EE
FAEE LCHETA Z EBREE Ly,

7w Uicig 0iR LHIB 310 % i B il
DL, IR TR WERETCIIE LR
TN 2 « FHIRTT, RACEHWHEL
BAHWL LR AT T BRI e pvh .
HIE % BB L IR RS T Loz
WA CHATCRIEORRRELZRL, £RATHT
OEE%/}‘&<7’£0“CL\Z>. Lf&i’iof, ﬁb

B LRI X 2 EERECE(LTEETXT5
FEHREOFRECHEIhD LEZ bR, WK
JGRE W TIHBRE O BRE DWTORS
BEESLEEBEbh . ¥, FBERENE
CELTIE, #RE~OLBLIERT S DB
E# iR LIE BT RE bisns, 16
DHADOPECREBHPKRETE D00, HHE
DHERERC X DFHEALEL bbb 5.
Hardy 5838t X 5 88 5
DERE I Thedie, BRED ZEERY R
Bg v TEATIHEL B, LaLIT
L g v 2R ), KECEES
VIETHZERDWTOERARE « BRE L
DIET D, PESPIER 15.0mm O
BLEBLILBREDO BWEKKRAIF (w127 =
A7 3MB) &R EEEC T 50
BEERERLTWS. AHUECE T REED S
EBE A ¥, 2o BAKREIF R EEE
S LcBEBNOBEER b FHATH -2
S EID KBTI, FEBRECIEEEE HE
THBICBERENK CRE LR A 4 b BhE
T RRERBIKE L LT RRRC G L.
FleRToel, Pl ToRBEEBRK#EID
WCHD &, 4TCTHIR L IR BERTTIRICIZES
2K¥ED T LB 234604 Th -1k,
HEREMERCIZE SKED This hEy 2
387%Lisy, MHREMENER CIXkmAKLE4
O TIEFEN - 3880% Lt Twab. Zh
CX L, BERIKETIE, ATCTRE LN
IBRATRIC Ok¥ED TRIBEK Uy LK
O Thhicfsg hdhe 320%, MmERE
BIEMAICITEE 2 KHED Nt & D Licdy A
50.0%, MHEBIMERNER CIIRmAKE 4D T
zbhinisy B3700% &> Tnd. &0
X5, BERBIKE - BRRBUKESL Sk
HEMERER X » iHERERE RO REEB K
ENBOEF TR, 25 LBy TA5HR
FZOEEIERERD. OE VEFE L HEE
LEENRENEOKRLOMBENE D L
Zied. wThicg X, BREL LTOFEADRE
BLroFERBIILTERBECIIRL, &



174 R EEEE RS X 2 R RHE « RREOWE

KIGH~NOEDTS IO LBsbbhb.
V. #& E

i gtaI s NYT-55 2 L, 12340
BIERARARSEE AT VT 4+ TERNRCRERIE -
MERERHIE L. ¥, WRERNERO K
R SBEORERBEKEBC LI - FET
DEBEXIRGEL, UFoFRIELR.

1. FsEERED k& v 3R E i 150
mcal/sec/cm? 75 400 mcal/sec/cm? D&
TRIZISEHAEBE 2 R T25, BRI+
BOER LicddhWEiE L. i, RIBGRE
AL IR B Lichivs, HRE « MM E b
RFYFIB L.

2. FREHE 1 % BRER & BT T
WIEDHHBER A BT,

3. MHEM I L HERD D, T
EC DWW B L ic KRR L Tl BEY &
{, BEFLHEEB CIIBEIME . BhEieo
WTIE, TRTOMERMTHELBREL R
L, BRREZZ ERAEED 22CTH - .
Fie, BANTETBEAEREED 03CTH - 7.

4. MHRERRME b RERERRCEEN B
bhic. i, FBEEMEERREEOREZX
BEHTIIHS C, ZETIHRASSTC THoTz
25, JIEIAIC X ViRERTRR ST,

5. BEMENERCRE & BHE L 5 BRIED
REFBKBECTEREI®S L, TNTOHAER
(i CIRBEFREABER DWTIL 3 DU indx D &
BEDEL, BERBEAKETI2O NI-&D
LiciEi, EEBLELORAFREYRLE.

6. FHEBRERER L CDTHERET 5 ik
TiE, RERBC X % 4370 CRED 282
Zbi sy, HEOREEERC X b EEERY
ZEL, JERrHoREZSEA L.

oW

AUECEE LT, SRR iclBRE ok
IR BB LE T, %7, Ao —MIZLHA
BT R B R4 (BABRDTSE (1)) 628700633 X U4F
B2 - SEEIBEFREFNENERCL Vs kb
Nz EERL, CCREBHOBEYELET.

1)
2)

3)

6)

8)

9)

10)

11)

12)

13)

14)

15)

16)

e £ X M

HNES x4 (1983) 6. HIKkKIT5
BHETOEELEN. B « 17 « FL17, 379-388
Beecher, H. K. (1957) The measurement of pain,
Pharmacol, Rev., 9, 59-209

Clark, W. C. & Mehl, J. (1971) Thermal pain, A
sensory decision theory analysis of the effect
of age and sex on ¢, various response criteria,
and 50% pain threshold. J. Abnormal. Psychol.
28, 202-212

Clark, W, C, & Goodman, J. S. (1974) Effects of
suggestion on d’ and Cx for pain detection and
pain tolerance, J. Abnormal, Psychol. 83, 364-372
Croze, S., Duclaux, R. & Russek, M., (1977)
Constancy of heat pain characteristics to
changes in skin and body temperature. Brain
Res. 131, 367-372
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G. (1965) A study on the cutaneous pricking
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141-170
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1. #nEERICE T IREL R ORR

EIREEEY, FEERZ, AEBMEY, KT K
HARF), HPE(REIELX, $—h5 o
)

FEk, BUMNLERETOBBESTLEMN, B
CHATHZ LR TH - BiE, Rriiohi
THEL TAMESEARI Y AT 2R HE L. SH
ZDOYART ATy FBEECAY, N REOmRSE
TR B iR LS T,

FHERE LTKOBES M TRET 5MEDHE
IR B, AT L, Sh8RE & LT 2.85x 105 cm?/s
EWSBER L. thiXBEREEED CTRIKL, &
VAT ADOREE L BT LG .

BUERTIL, 7y P RADEEYRA X708,
MEARERA IR T, £OMOME—MN % EEOR
RO ER Y BRI ERERN, ©F ARS8 L.
BYAT A CRIBEFEE BN T = — FEEOKE
BEERE LTie s, ShiyEgNE L, BESfit
frE & R OB & UCHIE Lie. SENE 35 8 5
2, B & BE R OES R CRIE L., =0
RV EREME R 5BE OIS H 1k ~09x
10-5cm?/s L HEE I hi., T ERGCOERMED
30~50% M5, Fh, HHMEEBESTERCHE
EEEE DRVG—BEBB DL, BB E R,
BRSO BENBEIBATHH T L LHM
Lic. DEhoReEe, 5%, #MNIgx, v —
7 DRRINR O & 0 5.

2, TYZRAMRIFY L7y ROMPOFMTERER
FRBRRIECEME: & OBEIC DT

BHE & # FH (EREX #o4RE)

[ER] -~ v A M KRS EE CFET B4
MmERFREA (CFU-E) RIBET (CSA) A=y 2m
R=F v (EPO) THBHDMH E 52T, EPO e
NTBE, 7w —Fadifk (MoAbR2) % FivCHiat
L,

XS B ERT

[5EE] ~ v ARFFMRE EPO ¥k~ v Al
WEETTAF VL r — 2558, CFU-E 7,4
A %47 o7, MoAb Hf15EEY, MoAb *IERICHE
BRINT 5 & TfF ol Fio, MoAb 4 Affi-Gel
100 S A X BIMEDA L) TT7 4 =2F 4 —7r=h
TI7 4 =FTol.

[#3] MoAb R2 yxin#E CSA DA & sk
L. MoAb i~ A IgG PiEBIME S D T
Al mERFERME X b, MoAb dfifE FHITELIC
Mk Ui, M CSA D752k MoAb 7 5 AR
L, XBif3E CSA 12 MoAb Iz X h5e 4 shfnde s
L. Bl XA K o 7RED < AMEIIT,
EFMEDR 3EORE CSA 2EA TV » T A
BB T HIEMIL, MoAbR2 - R6 35 X OV ¥4
EPO Ififfre & b drfiskiE Linds - 7.

O]~ o At CSA »75%LL Eix, EPO kX
BLEFERSOT bR, L L, Bb25%0iEED—IF
1%, EPO DStoRBERTFr LB EEL h5.

3. MivJMRICx$9% staphylokinase o4&
22T

*WILFEL, FEEE “BREZ, ERAR, ki
% BRE EH A B, $£4E)

[H &) Staphylokinase (SAK) i3 plasminogen
(plg) L EAMEEL L T plg activator (PA)iEM: % 5
B4+5. =D PA E#L a,-plasmin inhibitor i X
DR 2} B, fibrin ECi3 FOMER ST,
PAEMERETHZ &b fibrin HEML RS
—7, MU/MREE plg @ receptor MEZEL TV 5.
Z 2T SAK L if/MiR & DEIRIC OV THRE L.

[07%:] SAK X KIGHE CTHRE S ¥ recombinant
SAK % M\, Iodogen Bk X b 28] -CHrAHESS L.
BEAD 7 = VB X b 87z PRP 25 ¥ LB
X b eI/ MR % 355 Uic. WI-SAK i1 4 CCcENE
P lli/ME, ADP SEM/MER X 00 ADP @D
MR & RIS &%, HRPEARZHE L. 1,
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plg OHBHFET THR/EEREYT -7, PA FEX
HREEE (S-2251) ¥ CHIE Lic

[R5 RE#£2] WI-SAK i Rgbd i MRS U g B
¥ X OB MR f5& Uic. Scatchard f#7 & b
Kd=1.0 nM, Bmax=1.8x10%ites/cell T & - 7z.
ADP /MR LT B-SAK L& Licdd,
PIFIMEA 2 ~ 5 f5{E T Lic. PI-SAK D I/MREH3
AR plg ik X DIEE S Wi i, MVMRIC
WEE Lic SAK 13 BERFT PA [EikaRE L.
BlEX v, /MR35 SAK oAt My Lo
plg receptor TEA L TWB plg ZALTWBER
bbb,

4 BREBTIRCEDIANESOEVFFAKERSE
DIRE| DR

LI, ARE—ERY, CBAE—Y, CERER
ERE(BRA, BR, #—4H Kk, T, FLEF* R
X, BT, £HT)

I RNERBEABCESSERET % 0 F
T, deoxy B TOREDKBREALEIN S LIXEED
LA T $ VBRBEREY I OREDOATER~T
v EVEARL, ThbLOPUTIsE» D, HEDTT
PR A OB R EE R Lie, SEAVWER
~E e VL, al-2 RECOAREES ST
57 3 BBEYMOBECER L Hb Y42aF
(Tyr-42a—Phe, LI FE#E), Hb Y42¢H, Hb T38aV,
HbT38a$S, HbW37A8F, KXV, BHERDOKERE
SBET s BREAER L Hb Y145 8F o 6 8
Thot, THHEDETOER~T v EVvERENT
R0 LR, BRMRORIHE <« OBEE
Tot. ThBOERA~E SR EVORIMEEARY
P e AR b, Sy NMR, LIRS < v
Bl EoREN S, BEABEOTHEN deoxy T
b ooxy BANRBRELTWBZ EB1Gh e, DBk
B, SEHFELAFEE X WThIERD
deoxy Bl A2 REMRL T, BRAMELZRITIOK
BHECHBZEERLTWAEY, ZOERERZLD
DNBECAEOMECHEFTAEE R LTV
5.

5 HMEROLDLEORMTOBERNECRIET
£

I #, *Pierre Foex* (WEMEX, #H—E
H « University of Oxford*)

HHEROLELED R O BERIE T 5 &
PWET B, 4 X0 invive EFAZHWT2
DOORBEET (158, 155) AR FAEEEL
X, FOENEIHEE»SEBRS chamber stiff-
ness, Ko %Mk L. 7THOKETOA X DIEsEEE
AR =Y 27 ) A AR L, DRI D NE
WERDOFS VAT o —H—FHEA L. EEARIT
TRYIRCEBA Ui — vEES ¥ 3 5 (Rapid,
15%), FoAE LicHCM 200 ml #i#gimek, 1550
BT 5o & (Slow)iz X v ei. Ko 1
PrEEG A Ligmato RECERML LEERRL &0
BEEA F=Aee®o'L ThBLLTHEL 20K o
Ex D > CTRAFTOBMDIRESL Liz. Ko 1T Rapid
OFiHt Slow X D S FBEKAE L, HOEBRENRE
Dr EDEE L, Offx Slow #BHABEI L
fo. Ktk OFENERTEE, Thbo K, Ly D
BRI LR SRWETEIR S D, AR
ERIITABRIE A — vERWEESEES O
WEETIE, 30%BERNTO K (ENKEL b, K
HERNERTERVLOLELDNS.

6. 7 AV AFY H=DBYEICEKTIDLBEEOE
it

TE B ROt RBER, ROETOGIEX

7 AV AFY A =R BENE RS LB LkBTE O
Erto—HEE v T ENTENES 5. &
B (-~ 3) rBENEEELEYRRE S€5, £
DOEEDOLEBEOELTTENe. 4R 10cm, F—4
BE 12cm f2D7 2 Y 2V = (P. darkii) ZH\
fo. BEEY ) F=DRHECEEL, EE 15mm
DHFAH = a0 — VELECHATAZ L VOE
MEmE%xE=2—Lk. BENKELT £—5HH
CESHES S B E S L. FYF =1L, 5
WEEHBCIERETEHERES L, BUeBaEy)
®P[EEz T, BER0CRET S 7 =00
13, 90~125/5TH -t 20Hz, 6V, 5 FOBSH
Wk vE—SHo R &R TE, FIF=0
DIFEUT S IR L, 10EBBkETei%s] ¥
ol 2~3M, HIOPBHOLEIECEREKLEY
PR LBz ¥ L2 mE L. KE
130 cm DI CH BB —SHcEDRA L
REBOBINHE X » BEEXFIEEC LB/ TD
BLoTE - # — vARDbhie, E—HHEgIT



BT Lim X D DBREDIRIEA D bhBZ En b
levator muscle D3R AR AR EBE D FBEICEI S L
TWBHDL#ER XS,

1. BRI RMEEGEICH T RMEAT IV H VL
DEE

RINEMR, BHEST, BRART, KRN, BEX
FORIRER, $4H)

[BH]) BEfIRAERE D-7r=2 —R) 2
ELcs EOMIEKEA (En), MHRN pH(pH:), Na*
(Nai) OZEALE IR, Nat-BEig2ms o M1 + VB
RBE B L.

(7] 100~200 g oA FREERE C, BNERY
Ny PEAVCTEREMI Y 10mM oY SLWE R
5 Lk Em, pHi, Na; IEEOREHE L —H 1
F VIRINER CHIE L.

(ER] AR (Fge 10mM <= F—1%ve
ir), Em i3 —75mV, pHi % 742, Naj ik 8mM T
Boie. EHACE 10mM 24Tk % 2 5 RE3
&, EMIBREEH#I VY 1I0mV BESEL, 1548
T 2mV B4R Ui, Nai 30 SmM #ino
#®, kEweHEA L, pHi 12 008 2 LR L. FHE
R K* #% (25 mM) ¥ifiic X 5 Ev OBSEORE
i1, EREREEETC 24mY, JEFEETF T 18mV ©
Hole. FEMOERE pH 2B (PH=6.7) LT
PHi 2 ETI® 2L, BAMCISHOBITZEA L
HeEL, ¥ pHi # EH 3¢5 & HOMEILHER L.

(] ESRMENS S B IE © 3% 8 i Nat-
3HCO;- EHAMEI LT, pHi 0 EER BT, &
© pHi EFT, EREr )5 Nat-$Egtintfk o
HibE, BEEO K 2 vy s 2 vAo#nyiEs X
®5, HBEZ, Nat- X oB8 i chs Eu ©
BRABOEREZE b D EFHIh S,

8. BEFHERICHST2EREFUEE OB

& OWE ARIE, BEER DB, B
& (KREX, F£o43)

[E#Y% X O058E] MRS BROBEEME TS
B4R » ¥ 4H (OK) Ml 0B ERAERFC ST 5
MR EAIZ L, SMRER E—7F XA BiY,
Ry F 7T VTEERGTEF L.

[#&82] 1) Nystatin g X 5 whole—cell record-
ing kT, MREEMPAELL. BREEEY
FWT 5 &, ARFEEMKH 15mV 0—BkoBRS

w B 177

BOK, # 45mV oiSEEEc L. 2) BEA
iz KC1 %% % i\ 7o cell-attached patch ¢, B8
BEEO B L v, RAEEROBEILLDBD.
Inside-out patch Iz X b, & hit# 40pS o Ca B
KT+ 2L THD T Edbh o, 3) BEAKE
Bk 1z Na~gluconate % f\ 7= whole-cell recording
X oT, &Ml Na BIRAWE Lic. BRBEEYE
Bk s Na BROBHALZR D bh ot
4) BRI LB NMG-Cl %\ /= whole-cell
recording I X » T, £Mifg Cl BREHE Lic. BEK
BHEEXF L v Cl BREHCHEML, OB
¥k DIDS 7z &o Cl # & A AERIC X b T %
e, Fie, EEAE XS Cl BRROFEMEM
FaPmE e X 0 EW e IEE Z0 1.

[Hiw] OK #ifics\ T, BRIERELE L v,
CaBFZHK F 4 XL E L pH B3 Cl 5 %k 0
IEEE S h, Zh b HRARRS ST 5,

S, HEEMXORRKALIa -V

SHEEN, FHFFH, BE %, PEERS, H8%
B (KEREE K, £$5—4:3)

BB I RREROMEFR EBNEOTH
FEREPHREF-T05. BA3EBERICEERHS
BRXBEOH LWLkEML € SGERERO €S
NMMEEFEDBBDY I 2 U— P RATEEE L.

Ussing DFfFELIR, RO A + vEZEEE K DW»
THLDEBRIAMRNR S B, ThoMREBE Lic
Keofeod-Johnsen-Ussing D7 1 4 v F ¥R
BFEURSDEELLRTWS., ZORHIC Licdi»
T A A VERSABOERE L Bt RE T AR
2 — VEESK 7S 7IETED, ChERRREYE
BT 5EYa -V EHLER TREA A+ vEige T
& Lt

EFME VE . — & ECEED T F V%R Y
BHTA. ThbbBkisd© NaCl L, Bk
#C Na Rt —H L EREREBEER TS, Sbc
EZEMABED Na 2 v 87 2 VAREETZ 7 IrS
1 PR, Na-K # v SREH O v 731 vHIRE
EEMCY I 2 U= T&5, BRECIBEM—EHE
BAReRT Y YAREOZ LR, BEBE—KEEM
DEIBESENM SR TW5A, SEOEKEE T VIT
EFDOWTHhIZIL Y aVv—1+TH5LDTH 1.
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10. $ARIDREE A1 Y E—X v ROBFRIcoT
HFHFEL, SN (KKRKEX, F—483H)

4 v ¥ — 2 v AR TR RIS Ot

CRIFETHB, nE2iEFARVvY 3 VRET A
EBBERMDHBOGEIRNEETES L, FEEDL
LEOBSAMEELMBZ LMW TES. Ll
MNb, TOEBARILE x5 HIROH LB & M
HERHEOR WO CTEMULTHEShB Z &2
B, FLTA vE—FVADREL WEBONLHEE
SEOBFIR OMEOHEKRF T 2EA S LB
ThBh ERIT g Eo R -0 T OB
EBFIRIIEE P, CoREBEL»TBHE
BICcOE R S Sfifgic o\ T OB ES B O EL HR
HEEEYAWTRENE L. TOHEFEIMaY
1ODFBHEEL I /I ADOHBEARELML L X
VBB RD, TOBBRT VY ALBLERYR
BB, COBRBTHRECRTHBROMhPEERA L
ThHdDERELTA VE— X v ADRBERKER% T
BLiz. %L THEEROL» - T3 MERERLHEDH
L OBFBEEOLTHE BB L. 2hkXbvbhs
BEBETNE-FHEBLNDT, OEOHS Ml
EDOWTESENT I H AL 2HEEFH - L &
5, BESBOBTE,N ) BEEINLELEAD S
ERTE .

. BAEICL2EFBRTOBEMRS OB LERE
EEEERDORE

BAEE, |IER, BX % S$HEN KRE
K, SB—E)
EEBRYBHET S L X 2T, FOROEHE
B oEEBEXTHEER 2RO EE BN LT
5. AEBEF CREROBERIGIETT 5. B
BB EEE L HEERE b » TRE R
775, COBRYERBRDFOMEEE T LR A
EBE L. BREREBECTI X v bR
EBRIOCBERBREZ 7 V- L, —EBEOTAHY
CHE L pPH L2 MR T 5565 E 2 5. BEBREEK
R L D ERER & BERAAS. BEREO—FH
BERIGEA D, —HrBEELEREC . —T4K
M Z OB LR P OL TORS OBRE
Fr5ERe T, cOEEEEFAIERE-T
FER X BB R O pH 22 BB s
EHMHSEB, 2T, HEPES 3, 7 o — &y
B—EOLEE OWE L CELHEE MR & mgE» o8

Lha BRI L, BEYEORE L FHEER
EOWTHELE Lie. BRAEERER2VTH R
THE Lis. &8RS 55\ EEEOBE L FHERY
BEHRIEAD T 4 T 4 VIR TRDI. FRERD DR
BB S UEAEKE LTHR TOHTE MR EE
LZ DR DERE &R\ THEE L.

12, Insulin-like growth factor-l [C k3
BRY Y REBOHEERE

TIEXE, WWHLE, KTEE BXEF, & B
}E, B W S T/ RKNBEFRKRERX B
Fk )

LR b EFEHE 5 R/ET, WRERXSE
FELAFRCE LSBT 5. Co£BEN RO HE
KREBEREMETHL MR Y v RO L 5 &
Ezbnb. —F, BERECERK factor & LT,
BEArEY GH)RIVER - STWHAFE I h %
insulin-like growth factor-I(IGF-I) &5 T\ 5.
&, IGF-1 435 o MlRY vABRORE 52 58
A Ute., FOEER, IGF-1 3RV v B0
EEHEL, FOEMBEL 380 ng/ml THot. %
7o, ZEREYEFARSRE, 128§ preincubation £ Hafli
Y v B IGF-1 2 %N % SEBRRC ¢, 15K & 3
B Lic. T, BlR bR iEfiRass IGF-1 &4 W 3
BE0EPE T » IR B (IT-45R1) %4
WOHRER UckE R, IT-45R1 2550 IGF-T JkHimisR
Dbk, Fio, TOKRHBERRN GH BKRELT
WL, =8 GH JBEL 200 ng/ml Thote. Lk
DOFERL D, Mg LpEMlas IGF-I KL, o
IGF-I 2% paracrine D X v iRy v ROBEE
HFETHZ EATFRIN, PROLABHHENCER
RRETRE LB EEEI R

1B R bO7 4 —~E dy 79X EHiRHEOHEER
B TR O D ESY

Fix R, EUERE HBE ®8 FH B (EaR
ar= =B, &8 . =ZF5L B, $—EEY)
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