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Eighteen years of our thyroid research. Kiyoshi YamamoTo
(Department of Physiology, Inmstitute of Endocrinology, Gunma University, Maebashi)

AAREHEEED bRES W cEBOER, K
EOH L BEXTHERENBHRT, Fikicih
HEhEVRXEBBLTHELAEEO—E L
EBxk, GEMCRTILE2ERELT, #
EKOWEEELDBELE VI I L TH ol Fhit
DJFEE, NHWFBROBMEE, Zh b3
HICHLIEbDORKELTH 72D T, O
KENPV T, ORI LERER T
BH, AWFEEHTIT b T & ISR O
FRLEL, FOX)AFEOERL Lo
OO KREIZDVTHORBZZ LIz Lizw.
COROBL HHERFEREIRER L. L B b
2800109, = =y, BEREAEECEEL-
MEDH L, ¥ TRFELLTHERLLLDOE
FELT, WEEROBERELD L S TR
.

[. FREREFSE5E O HEEE

195248 (BE27) 255 & LT, FRBHIZEEHE
HLBERRB L. TOEEORME, A3
R SEERE 2 0RRBRANVE L L LTS,
5, 3'-triiodothyronine (T,) 233 R & h (Grosse
Pitt-Rivers, 1952 ; Roche 7%, 1952), Bk
RIS 3P e nBEE B LI 21T & B
2, KB EFEOEEYRET 5 DICKVICE
R0k, HUCHIERRO B L 70—k
Thotk. & 23, IVEOWMEBEEEE
(Barker 7z %, 1951), & D = v F{LAW D5y
B % %55 1z L7z paperchromatography33)3) 7z
ErdbTrzLnTES. ZhbDFEMA
<, G yRORENIEHE (L, 0 72 E) oFIHE
BEBECE 7T L PHEE-T, L 0ES
FRORICAEIC Lz, Z0XoLT, PR

DOWFZE, 19524ELIRTO LW HEHBRED» B, v
DT B B I T, FIRIRT O &
WEVARIBRE, SWEhicRvE Y OREHE
B, EBEICRT 5 AT v OERlER &
ZoWT, JEL ORERIZLIFZER, BEAHLE
COBNTHED OB LY K - 2. BRK
4, BERFRBOWFRIIE LD TFE2T
DN, TEIBUEDZ L Th o719,

BrR OWFREIR IOV TiE, BICETFEICo
WTORBEIENBZ EIZL, T2 Tik1952
SEUFIOE 7 FRRAEESE EORRIZOVTE
i TBL.

BRBICEEED 2L v Eh V%95 REWH
K NERR 2, B.C. 20004 % T
EHPDEBZZENTESLEH THHNB, FEY
BENTREDLE LD 0RO Z LT,
Wharton (1656) 23, X U@ CEXBREIC-
WOHRERERE L, FRRESMA LR £OD
1%, HRBssReTUERE (Parry, 1825 ; Graves,
1835 ; Basedow, 1840) r#feikTiE (Fagge,
1871) DIREBRH S 2 Ik & h, %7 Kocher
(1883) & Reverdin 7% (1883) %, v +
REZHERL, FRBROBEBRTEREHERL
7z,

BMEROIELEVRETOFE DO Z L T,
Schiff (1884) LA < @ AW FURBRHEER 247 7%

- ofc. Schiff ¥E7e, FRBHERC X 5 ER

RERBEOBHEIC X - THHBET 3 Z L 2F0,
Murray (1891) 12 FRIRHIES b £ BRI TH
B tERRE.

PEo kb hEBE» S, FREBXA»ER
WBESWT B E ) BIBDEPITEY, RD
B L LTI E OLFERFIZER X U E -
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7z. Baumann (1896) 1%, HMREBR I UvFEL L
BIZSRL %, ZORBOPEABCESLTY
5z rERHLE. LaL, BRBARLVEVR
SyBE S ¢ thyroxine k&3 i (Kendall,
1914), GFR3PewE&h (Harington, 1926),
BRRORE % B % (Harington « Barger, 1927)
ETIIE, KS0ERNEL L. 0%, FR
JRIFE DD I U E o 2 19524 Cleix, &
BIC2ERBEBL T 5. BRI OREES TR
(Wharton, 1656) %> & o 300 4EfH X, BEDHF
ROBHTT P DRAD LELEBLLLTVS LIX
Wi, BRIREOBIE, ERNEmIER, BIU4E
HEER E v R Y BT BLRRBE R e
2 THED T, RROEE~DESEIY B
NTV oD ThD. FDOEMEOTZ VAR,
AR 20 RNVE VIZBBL T, ERMLESR
nY, BEAMEELZFL Y OKXEE, TR
19524ELIRTICIE & A EWh B BTk
WHZ L TED, 19624 DIEFEILIIEE &
FLviERE, chboEEO I UH TR
LLFbhiznTds. UTig, 1) FRKREO
A:TERRE, 2) FRRBEAA = ORHE, 3) B
WRiR AV E v OER#EES ST IchIT T, #
KOFEDD L EE>THREY.

I. Eﬁ;{xﬂ%@ Eﬂ*&ﬁg%)ﬂ)%)gg)102)104)106)

FORIR o 2 BRBE AR 13 R VB A R38N0 b 4
WDTHBZLRVIETLRY. £k, WE
ERAME L LTORVE Y DRRDWH, 0
FIR, A&, PtoRIET T, M HRgES
B HEIRIOOEIN 3 TR | R EREO—
Th 5.

195242 % ¢, HOREAV £ ik thyroxine
(T) oreEx BT, T, ORRBED
7z &, diiodotyrosine (DIT) 23 FARBRA D 2
DAEH = vE LAY L L THRR & h(Haring-
ton.Randall, 1929), = W3 &V & v OME—DHE]
BMET, 20 245F0MA L > TTaskT %
LE2 b TWwiz. Monoiodotyrosine (MIT)
BIERENTDE, £ 5 R { 19474 (Fink .
Fink) »Z L ¢#% v, DIT, MIT, thyronine 7

L3, BxOMBPADETHEALT, 3,5 8-
triiodothyronine (Ty) Z1x Lo, wVE {EH
DEF 3, 3, 5'~triiodothyronine (T,'), diiodo-
thyronine (T,), monoiodothyronine (T;) 7
EREAREND Z ERHLMCR 22D,

19524EP D Z 2 ThH 5. ,

ZH LeRRCHEsh T, BRRsVE
DEESFRRCET MRS itk o
TeDThH BN, FILNRIEE 1T U dic 1952484
R, FRBOREOBEEE T LbbavE
VAT NWE S EEEREL LTERTSIC
i, SERFSLEDLTY b o . Fhdk
X, EH b wxEaHi i B i B
BdY, LikhloT in viro OEBREXL T
BEYVTH-DT, £F in vitro O¥EEE
L LT, FREERTOMBHEE V2%
FPRUDBZ Lic Lk %7, PRRERFO
BRI R X+ 5 BEMRIRIEEESE E, ©
L ohDkVEVOERI 2\ THHELTA
oo Z 0B, BEEEROMO SR
EoT, PRBRBEEZRSL T2 EH D
&, in vitro DERTIEOLTRZZLTH-
7z. Acetylcholine % 10~ M F2E CTEH IR
ERIZ/ER LY, adrenalin, noradrenalin i
ERLIVZ &9 3R 5 h 7. Cortisone %
3 pg/ml DIREETH &2 ICHIBIRIC/ER LIS,
%7z T, BEX 10 pg/ml OREELL L THIH),
ZOREDT T b T 2 icfBEER R LD,
HizDR5B X 9 i (p.156), BRIEANVE VDA
BRIV EERBRETH 5. L LR
RO, FREAROBET ZbbaN
EUVOERRE DM, ERETEELERED
BRLVHZLROVTRALLTIE 22 -
7z.

FOIR R T R SRIEF OJIE L 3kic, FRIR
homogenate DERLEESR DG, 3 X OMFKH
FETTOBILBELEBMORE bITR o, T
D X5 kBLETEME, FREBTHRICECD
L RE BT, = DBATIL, BEULET
WO BRMEBTEM L WARNICERS bOT, &
RS T CHR, homogenate FROFTIHE
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OEPEEZRT L0 & & 2 b BB
12, ZDBMIOE Z kA, HBoBLEED
BYZ LERTETIE, RVEVRRICHE
RIERBBRICEREPPRBCEET 2 L 2T
THLDTh 5.

FIUBE, MkEEsE L LT succinoxidase &
cytochrome oxidase o#EM:Z, BUIKER homo-
genate [ OVWTHIZE L. Zh bOEEE R
4% ACTH » cortisone o{Ef%, in vilro
TREDTHB. ACTH REIERE L ENE
BT TEANERNVEVTH B, FRIE
LEI succinoxidase izt L TR U < lEy
w{EA L, cytochrome oxidase iz L T,
FRBTRIEAZRDEVOIRKLT, EIFET
EHEIECER L7219, %7z cortisone X, H
iR, BIREE, THEMAHZED succinoxidase
X LT b B iR L 7220,

P LoFETg, BIEoMRpmERD, v
bEBERNBRSTHY, TOBRCIE»D
ExBLvwA0ARERDB. LL, e
X, HIVETF2REOPEZHFRNETH
2LEVHEZFDIZLE ST, EHARR
B RE O XECRE, fhoo PNATIbER & ORSEEHES
LV EEPEICRBWT, Thhbhic#igc
bole. AFWRFHOBEREIC OV TE, X
R CIRERLIENEEL Ty 72 28, in
vivo DIFFED HTix, %L ONFWREHEC
LT V20 T 28 HBBRE &R T
T L RREET, EBRRE L T X D ER in
vitro DR THRE RS DLEER 20 T d
o7z,

Fie, BIEWBROWIEDL DELT, BILEESR
EEERIERICX DA Lk, ZTOHOF,
oML, dE v LBEEREL OBOEERGR
80)8L8RIN D ZE BRI AT B TR E 7% - 72 &
CITEEYD B.

Ebig, ez ACTH RERED cyto-
chrome oxidase [zt U CiEd{EAR K L, B
OF CEERICS L Tl fEATs L v o
BOBFEFERT, 2R TEL oS RYE
DL LT VOo&, Z0HOFEICEL T,

L L ofERA&HEIC LA Z ik ok,
ZNERORNSWEY, £ HEORLFNVE
VESWT B T L, ThEROFVEVILE
7o, LI UIEHE0ENBRE OB IAERT
BZ L, Wb CHEBERECHEERT
FTEHETHLR, FORBRZOVWTERIZFEALE
HoTwhdroll, §HRHADKRE .
22T, ZOREY, BHE b 3\ AR
R, ERRAENEE L 2EES Y TELD L,
MEROBERRER L & 2 P TR VE, BR
B2 S RO RMED 5 2V EB» bEhiz
V. FZTRO LD B—EOFEETOZ LI
I oleDTh 5. FIRIR L BT BE, B & Fig
F 5L, BRER T succinate #, BIFFRET
v malate ZEpfb+ 2IEMAE L, BIEMET
BBz LR EOENTED bREEW. 20
Wgec, #E#ko homogenate |z cytochrome ¢
Ehx s, RIBHEOBARHERELIHE

BEERRE BN, Zhikadrenalin oEfbic X

5D THBZ LMol EFIREBTE,
HMEICSLENBERBOTAINEVRIZ X -
<, adrenalin oL EFEMPICIHI STV
BT L, ZOBOBETHLPICKE 1.
TDEHIREZIVOREIVIZOVTOHF L
MR OBENENT, FREAVEVOS
R SROFGICI T 5 € & I v 0 AETRE
DEHLPITHVESHIZE o (p157).
Cytochrome c &&ix, FRIRTEL, BT
FETEL, RIBHETZOPEELRTD.
Glutamic dehydrogenase & glutamic-
oxaloacetic (aspartic-a-ketoglutaric) trans-
aminase |z 2 WCIEL L TRS L, Zh
D OEEREREE, FLETVBHLSLIEL,
N, BRICFRERE CRIcRYy & 2 Ho
iz, ZoE b b, PR FESBESR
OEMEAEIGHS bz, & biz alanine-a-
ketoglutaric transaminase & tyrosine-a-
ketoglutaric transaminase D¥EM:, B L O
transaminase o #§ B 3% (pyridoxal phos-
phate) »7z 5% pyridoxal OEFEREX, T
hbFFEETH S, FRIRTECC L bbb o
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72U3),. Kz, tyrosine-a-ketoglutaric trans-
aminase DO¥EMEE, FIREETRED bR & »
ofc. PIED X5 iR T 5 MR RO

5%, 7okt x2i¥ tyrosine jcxi¥3 trans-
aminase S FRBIC RIT TWBZ L%, R
CEOWRERELERRS B LELDND.
DT LILE-T, BREHAVE VERORM &
L CEE/ tyrosine 23, AR T X RES
NELEZONDZNDLTHD. Eh, HFLED
transaminase EERBCEP T2 8, Z
S DR T RIS AV E A transaminase
Lo TREtchzz L, HopikTsE
DT oBERELLTEETHS. Z0ZL
oW TiRBIzDOR5 (p.158).

UED X5k, whiEFRE Y OERERS
Tw3 5 bz, " 2FALT, FEOFR
fRHEE, TabbAVECVARBEE R, EEE
REFRIE L L C in vitro OEBR® EHi§ 5 HEHIS
IH5RlTE kol FRBEANVEVAEROBE
B0V, 1) 3vEAFy (I7) & DA
%, 2) I" opfk, 3) Bk hca vHRED
tyrosine ~n#E4 (2.7 %4k, iodination), 4)
iodotyrosine D& & 5 FREAVE LD
ERR, L 4BBrbhibhb. Thb0i
W, ZEBEARKETHY, BFRERER&V
TV DARICHIRIER S HE L Z L%, YK
TRALNT v . LiL, oxidative phos-
phorylation (BMLEUBEER(L) L & VT VERR
DEREEBALD TP o7, FRIRER
iz 2\, oxidation, phosphorylation, iodin-
ation Z[FEEHCHIEL THEELTRL Z 5,
oxidation X v % phosphorylation o523,
iodination & k v BEic R T A Z L BN B
L7, RUEFEBEEACT, BRERV
ETURROE1ER, Thbb I 0ty A A
&, BMLMBERLOBRIc DOV T O L TR
7. I" oL viaxpix, ClO,~, SCN- E¥n—
flifgA A ek » TRENMHEE W 32 2 &
1%, ke h Tv 7z (Franklin 7%,
1944) 23, SCN- o fEf#iRIc >\ TR
bole. EBROER, SCN- i, FREoRL

BB L EIEIL, 2ht D oL ViRBom
HEFTT 5 LBHALPCENED. Z0%
ZOEERELET bh, SCN- ofEfED
EFE L TRD BTy 5.

bk v E VA8, i vivo THURISHERE 2
BT 2 0 TRhvhELZON TE Y
(Garnier, 1921), FILix in vitro OIFFET,
FRBE~OBEEEREEILL & 5 & Bk
Estradiol-178%, 107°M DL E0OEIBE TIXER
=WE, I- L 9viA%, iodination ZVWFh b
B &2 ikl L7223, ARIBEERIEE <13, BT
BETIIH 52, (RENICERT 2 —EHEmS
Rbhd. L Lz oEERERR, Bk
BILOREI X5 LEBABVHRTh o .

I- ¢ viAZx, Nat, Kt-activated ATPase
(vhH@ % transport ATPase=tATPase) D%
TbEREBZERHALPICERT D T (Wo-
1ff « Maurey, 1959), FORLRIREERICIER &
BLETHED, FIRE tATPase w33 51F
JARKE S5 Z LItk -7, ABEROR
WwitERv ® o~ (estradiol-178, estrone, es-
triol) 1x, FEHIZZ OBEREEIRILT 528, &
BEA O i estradiol-17a 21k tATPase i
ST BEALED bR o7, iz SCN-,
B I O R RIES (thiourea, propylthiouracil
L) 3, BEANRDLIOBRFHEETSIL
BEbBICE o, ThbLINDYED, B
Rigo Im Ly RBextd 2EH0DEL LD
—¥vx, tATPase iCEBIFAHT5Z&ICL%
DThHB, EREHEEAVvEY (TSH) BZo
EESRIC R L C, in vilro CESHERT 5L
Z BIIR D - 7280,

uidEh I- 23FIfH & 1T iodination 23
fTohsicdicid, Pl & bEBER 2R
L+5 kvbhizs (MortoneChaikoff, 1943),
Z »#% homogenate iz J: - T % iodination 23
5 L (Weiss, 1953), = ¢ iodination j&i#
iX mitochondria } microsome zH 5 &
(Taurog 7z %, 1955), homogenate @@L
KFERID B L EESEE 5 2 & (Alexander,
1959), iodination % peroxidase jz & o TH#k
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#an sz k (Hosoya, 1961) 7z E34HDWT
HoThe. Z0EdBaAEERL Lcfdt
D—EORFFED-0p, = v REWALBE R R
LV HREY DD, i microsome LI
SERTVBZ L, ZOBRICE-T, W
o tyrosine, &M, JEE 7z & @ iodination 2%
Bozl, $FRBCHBHZECSEN
T3 7 2 a)vE VERAs, iodination 23] L
TV AABEHRTFTHLZ LR EEHLPIRL
7z,
U EoER T, RRIROEBMESC, 7 F
U¥EL T R U EBLERE N T, RAICEER
{bksR (H:0,) g+ 5 = iz Xk » T iodina-
tion ZEIE7ZDT d % 2, EBRCHRERT
H0, ##s L T3 R#Rc>vTERHAT
Hole. 22T, BMRRY O = U RIGMHILEER
ERIEL, b BRBEOEBWRS TH S
NADPH, = o@bEEsk, I, 8X04pbes
v K wnx e SRR <, Ko H.O, i
REMz L TYH, iodination e 2 = & &7k
DWW, BRI # 2 v Ky BEETS
DEID, FRZIhiefs TERATA LR
b5 eTEZRRMDP, L) RSB
FETH 5.

FROMFBIEEL T, Vb s HFRIEA
DYERBEIRO— 2Bl LI Sz, FLEFRER
#ix, iodination % ¢RAICHIE T 29E T,
J5 L FRIRERETLEE DTRRICH Y BTy 3
b DTHH0, PRz OEOWER, BEITH
CLTHEBLT, BfbehicavEe I TR
FTILRER, TOEABELEL DTV
2, FhILoRFgRic I, = U REHVEZEE
BEEEETSZ LR, ZOEAARETD 500,
¥ 7z & o HEERE, tyrosine 5 MIT,
MIT #» & DIT ~ iodination iz iz B &1
5 b, Thbd2Bpo iodination Ff
EET2BEERIFA—THE LEL DN,
W5 TN B RABOHTRRESE bR U
ETERT 2.

FLRR S B DRV E oyl b A PEER
BRTH 2 BRLOBRZZ L. £l cyclic

AMP (cAMP) 25, &< O &NVEVOEHREM
N T 2ETBHYET b 5 L#fEEsh (Suther-
land =%, 1965), FfkfE <1k TSH iz X b
cAMP 23+ L B&bhiz (Kleiner 725,

1962). BRpgizxt3+ 5 TSH ¢ cAMP o{EH
EEL—FL, "L VIARICH LTIE—Ri 7z
Elo%icREE, T oF#bokE 7I /R
D & YA, thyroglobulin o&pL7 ¥ O{EHE
BRT™. oz kix, cAMP 2 TSH off
HAofagchby, TSH 3 cAMP %34z
CRX->TERAT2ZLERLTVS. D3
T g i, cAMP 25, TSH o Fk
i+ 2R LECERATH B RVEVHWD
BT 2 Z & B b I ShietD,

M. FRERFRILE ORI

RIVE L ORERIT, EOSWELTETS
Lo T, BOTHETERT S PO F
VEVEEY —BORCEEIIRED, SVEYV
DBRRIC L 2RBOEREHS VI Z & h
b, AHZERLEEALMETHS. FRBHRV
U OE R, Ba vRSBERT
JECH B, FRIBANVE L OB E U R
iX, thyroglobulin 726 2 vEREMENL S Z
L& s TPk (Brum « Grutzner, 1920),
ZOREPROEELFNVE LV HEBERETD S
LEZ LTV, 195240 T, 0FRICk
> T, WEA—BHEE hiz. 20%, T
T, X0 bFHZT, EALHECE » SRERN
HT, #EERNVEVZDLDEEZBNTE
T, BB TERCLOT, 20 » 3K
W vESh, EREO T, Kkh->T
EERER D OLTOTIR RV EEL BN
. 2LTC, T, ofEfRHRE TS FRD S
hAEREE, T PEBCTHoIERSH 5 %
CRESTAHEETIAI LENE. LaL, BF
PRI Le X T, Ty ofEHIcd T, &k
EORCERER L by, BN T T, 8
T, CEAZeRELAERCIEBHAL i
aht, Ts BanvEeErofffETH»A I L v
SEHITEEAEP L VB DB K oTe.
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BL7 S /7 S3fRic >\ ThE, Roche 7% (1954)
25 T, Ofig4 o alanine HAEEN CHEER % 7213
BT P UBICES Z L ERD ok, L-73
) Wk & {VEESE ¥ 721X transaminase 23, Z DK

BCEET2THA 5 LEBHEL Tz, R

< Thibault (1955) iz & » T, TA, (T, O{aIg4
AEFRICEILL 72 b @, Fibb tetraiodo-
thyroacetic acid=TA,) 25, ¥4 L /e
ThrMEshicz b, TA Z AT
v RS, LEXoTHT I/ 5
DEBHBRSEVEERSIND X 5o, &
DHFEREIM SRV ChHI Lo
P, FRE AV E R ORI E R LicEE
AR Pl s 5.

MIT p DIT 235, transaminase 2 & - T
TI/ENB kT cicambh iz (Tong
7r b, 1954). —FELIEOFORFFELO ¢, #§
& ¢ transaminase DOiEM:L * OREBEZOE
2, FFEBTRMECI EBbP ok, Zh
ORI E7, To 2R bERBCHT /35
Mikcbd s, vz, T, 2B73/T58
$E1X transaminase Gk RV ir L EL THE:
75z ek v, T, transaminase DEFEM
AL END T H 3009, Z R,
T, » b TA, ~0iEHE, transaminase DO
B Cdh % pyridoxalphosphate &, 73 /&
REELLTOr FBREMAS L, WHLEBL
EEDZ &, ZORREERREGTTHLE
52k, JVEI VB, TARTIEUVBEED
TR EEENx T T, icHEisEs L,
TA,OERPBAZ L EEOEETHSB. =D
BEREEIE LR LEL, IRtk
DR TIETE <, FRIRTIRA B ig 10915,
HIRBAN Gk mitochondria (Zf b IEMER & v
09D, Ty iebEHLTTAZAE TS0, L
- T Z OEEE L, FIRER A V& transaminase
LIERRETH S,

PED, FIEREEEH LM L trans-
aminase %, % ®% Nakano 7z % (1966) iz k&
Y EE o mitochondria 7 bkl & h, HLWMH
CAERT 2 BRI AVE VT 2 BB TH B

T EHHER S M.
Ro#FgE® v, L-7 3 e fipk
FRLEBIWT7I/RKineR2BHT, ZOBHE
DS (flavin mononucleotide=FMN) %,
FE & DRk mitochondria ichiz 7z & = 5,
FeBETHTI /L0 Lola vEIEHIC
ol Ts Lo THRABOBRERLD b iz
U, Z oK, HTRIEL, BXZhic
KE, FREE S D THOMBETIX, EEA
EH D 0EELBED BRI, iRy
B¢k mitochondria BNELEWIEHEE 8 L
7z. 5V iz FMN-dependent deiodinase » 4
Sz oBBEOBEEPH X 7.0~7T51ch Y,
AW X v NEMHbsh, ERBERETERZ
HFBROFET CIER Lzv. FMN 04T
{, riboflavin, flavin adenine dinucleotide
(FAD) v#iEER e L<EHL, T, Ts ok
¥, TA, tbfEH LTl 7T 516,
FEoWFFRILNE % & 72, riboflavin, FMN,
FAD BHH», HMTLBa vEE2ETZ &R
B bhic, oM vE (EEOBES
X BAMFERHNE vHELEE pH RSz &
PHRBITEB) 1%, BRAT ORI Z 565
HIPLE vEKIET & 152, FExDaFE (eosin,
fluorescein, acryflavin, phloxine, safranine)
CXoThpES h 299, 72721, zhbo
EROMERRI, TOBBOME LITFETLA
v
UEoifsick - T, RUHTHLPEH
Te AR 3 ¥ RSIE, APy GRS
HEhasZidh vz h b, MBS
KBDBRTEECY, EBREREHACTEAT
TIONTERRBEAVE VLS UHSEO
e, BEEREEPLETH S5 L &R LK.
VS0, e v HRIEEE, EEMSER T
BaR LD T, Zh b 0BRSS, B
BELTHCBNBZZ LRECDTHBE, &
o OfEREE riboflavin, FMN, FAD »%E&
CHEL VT BPHTHBHD., LieddioT, &
WERpLa vRERR L CET 520,
BERLCLMBEATTERLEZVE, %Y
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Ry el B kexiE, +Tic Tata
(1960) b Lissitzky (1961) 238, ZhZhfia v
FEERL B> DR L L RRLEDT, B
3 URBRICOVTOMERZTE2LLIAE
THREZLEVOIBLELEZDN, ThbDOwmXE
XL, +CFMN &z CRETCE
BLTBY, La»b FMN oz X 53605H
Ba v ROMBEARESTERS L TRV b,
FMN iz X 2950l s v R4, BERENL
BER LIV RN, F DRI O ISR
BTV ZFBERER, HWET TR LLE
AVERRZ AP EBELTV 3.
R AV E VLS VRIS LEROM:
Beow T, BAETLHLA TRV ARS .

BROBELEVCRERTHS L), RIS

T LT, 72k 21 peroxidase @ X 5 i
DIEFOBER OIEERIEATHL L, v 5
wHEEEBERBbPRTHS. L, T, T,
T,(diiodothyronine), T;(monoiodothyronine),
TA,, TA, (triiodothyroacetic acid) iziZ{Ef
T35, MIT, DIT i3l Lisvin &, »5
VCAHD RN DRRLER T v ERbh
516, BRpizix iodothyronine i34 % i
T URIEENED bh v 0lies LT, iodoty-
rosine (MIT, DIT) x4 3 it 3 ¥ SRIEHIEE
V. Z OEERIC XL Y, thyroglobulin 7 5 &%
T BRI, RRICERE LT 5 MIT,
DIT #piz v#EEhT, Ll I dsrze
VARICEMASN A Z Lk X MbRIcEE
TH 5. = iodotyrosine Jif= v HEERI,
microsome |Z¥EFEL, W% L LT NADPH
EEL L, ERIAFMHTOMEATSRL,
iodothyronine i 3 7 KEEH LTV H LB L <
Bpd,

FRBR&VE OBl U RIS, —HOb
FEC L > THBEMETH 5 LBESHh, Z0Z
D, BROESEHDLEDZ 20BN E -
Tw5H, BIEOERTIE, %< OGRAImE
HETH B0, Thic#EEL RohsH4 b
B0, THNEFROBHMNMORNF Lobo L
Exbhb.

T A2V E VRO NSRS EOFERICO
WL, BIREVE D A VE VAW BT R
BHIEERILAL N TV 5. FIBHET
adrenalin DL EE 1L LTV B1EHW,
BRI © s VB VAR & B I % 5 B0
I ¥ OABBREY o TiE, IR TR
B oic Lic, 7 X2V E VBROMBES R,
BBoRELBETLTEEANTEL, RT
FRER, i, BoMECECD. flavkevd
BRI EER DS, b LIFRE DT A a e v
BiCk > THElEhTw3 2 Thid, ik
S TCTAINE VBEBRREBD T3 &, BREER
HobNBIETTHS. ZOR, BEEEOREX
TAANE VIRIC X o TR B O bahis
V. BLEDEZC X~ B REY, ERY
D beDTD, RICERBICHF LN
TVEEOTAaAE VEES, BLTHIVE
PHHEIT A E I PROVTHIELTRE. #
BIPEEYc, TAavye vy T, 5o
AFEIEME LY, FLBcs{EhTw
BT itk > T, FRIRANVE VPBEDTME
PORBEEINTVDZ LA LNITIHE 729,
¥, FRREENSE (7 v F CHRNEBER
1073 Mf2EE) o1/10Ti%, % - T E U RIE
HEE»5Z & bHH L. ZhidEEHicxd
IREEA L EL DN S.

Wiz, B VOERBIZE bE ) B v EEE
OBLIC DOV TERET o728, ZOWEOY
Bl ko BRI, —HoMRE ofic, R
BaARVE VS, FOBLE v RAMIC I L T4
HERERETS L OIBEXFBMfThhicz &
Thole. ZOEZFE, FRBANVE IR
AVFEEND LERERD LV IOIFEL ZHFEV
SFTELDL, (EAOECHIVEShTH
VEVIERBRERTS LI Z L ThHE, M
B LOZWENLCERIVE VX, &I THE
FEOERERBVCOT ARV EICES. ZOM
OBHLH-T, FAELTE, Z5vwHELH
I BRTE RV DO TH o778, Galton « Ing-
bar (1961) %, » = L OfF, BB v R
TR BV EREL, b TRBRE AV
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EUREBRBMETE L v 2 b LBRST
<, kfEoELz X LE oo, ©
OEZ L VBT B LI LzDTHD. ER
R, I, NiB &SF0BRMERYS Y OfE
U REBERIEMEL, FRBET & 3RIcET 5 25,
Lo LIRER L LT b, MR ERBRE
T50T, FbHdCREgEkc ks vk
EEE LT, KLTE LRz 2 ¥bho
729, LieioT, fa vERFRE&VE Y
DEHCEEL TS0 B8R tH S L v HH
OIRILDO—21F Kbz Z LIt 5.

BRI AT ORI, T RO
T2 BIOPLE v RSO, FN
FFRECOEPDH B, FRE» bR s N F
WVE VL, BT RIS PMRES LHET 5.
OREERTHENTH B, Zhick - Thw
VP E IR~ BRICBEITT 52 5
D, Sfg e PRESEE IR E S, M T
DB (M EEI LTl M BE) ol
WVE VOB PHB~BITL, AL, E
TSR ENBDTHS.

FLIES BRI RNV E L OSFICOVTHISEE
U DIIRI6ETH 7250, mE oM
B~ DOBATIIZER T ebh, EHERVE Y
DRECFEITT 3 L —RICEL DTN,
ZhiT KT 5 BEPLopADB T iz
(Escobar « Escobar, 1961 ; Tonoue « Matsu-
moto, 1961). %7z, {EIRIREE THIRIRMEEEDTT
EL, EBASIEEs L, FRBREE AV
% (TSH) ofZwsms, FIRIRESETEE
BIRFTHIZ L3, BLADNCEETH
5. T, RRBOEE AL VR, FREE
HIB T 2 LRERRIC, AR AT v OB~
OBATERET S & T, BARKCT S
FRIR T X 34EE0OHEGIC, HRE L bttt
i bz, ECv v 2 0f & v TER
+5% L, in vivo T invitro ¢4, TSH X
~0 T, BITERET 5 Z L M EHE Wi,
T DOWEREE L 75 o T, DLTORREALE
VOERRNGIR DR L 2 Thabh, i
FRIR RV E V—EOT I VB ThBI L h

b, T /BOEEB~DLVIAR, BXUED
RENET R BOBA~DL A% (BEE
) T s s AEROME~ L b
Tl oleDTh 5.

vy A T, 285+ 5 L, BTIE, H#T
EFC L VRENDHBECD, DL DA
HEMEL YV QHETHE TS LLFECID, ZnFE
RICEIET 5 013 estrogen Tixi { T an-
drogenTd v, Hx EBTHEHEOBRE X K
FL, testosterone DRI & » TEIET 5.
X e SRR OB~ U ARMEORETH Y, R
FREVOBE, F7-ikMEic testosterone & bz
B L, FREEORBEE CHEMT 5. Z0k5
= v 2 iM%, androgen 12k o TERE

BHIRAO T, BEEAOARFRESRZ LI

kraiELBNE. EREOBROMET, BO
tATPase JEME: testosterone iz &k Y k3%
ZEMAHENREDOTY, ZoOBESEILY TS
VBRIV T, 0L VARPMEES LB Z &
2, FEoEE, BXUb s androgen o
FEERO— o> OBIRL B X bz,

P bowrgee, T, OfBITICRET 5 3
LVEF & LT, TSH & androgen 23%&154
s, &b, MBROMRHIHEL OBKRERD
»icT 5 BT, FRIBWERY ¥ ¥ gk T,
REF L, ZOMF» b OEIEE L BREE
BOBLEFRFICH N 2. zofEE, T, ¥4
iz v 2Eh CEBRRE X EES L, 20k
HIEbe T, DL VRAPEEZZ L, T4
pHREMIAES T, OBBABITEXET 3R
FThHTLBRHLMICENLD.

PLbo X b nHfgefER» b, EAFIKIC XS
FOIRBR OMEERLIE, RO XD IKBL BN,
T AT AR ORI P IRERERICEL b
, BETHo TRE (TSH SUMEERF) ©
SwEEy, TREF kv TSH o5WnsiEy
&, HURIRHERE, LAV EVSWMERD S L
R, M svEe s OBBBITERET 5.
515 L EBREREEY, tOZLBHN
EVOMBBATE S DIEED B, 20T rkick
o> TR T B MR VE L, FRRO RVE



FURNF AT 5 D184 161

VOMEEIZ X - THibH B L v S EFTH
%. FEWGIRE O RRIRERETTIE 2 il A v E VD
Wiz X 5 feedback HUZCHHTE 5 L&
2 BWRE DB B0, FWHNUERLARE, M
NEVRERBRERDATH-T, BERTO
FEENEER D Dha v s b @Ak, RER), feed-
back Bz Y ThvLEL LR S.

BB >\ THRIR &V E v OERS AR
PHFFRENB LEIE, F4<V% 7 Vicow
Th, In, Ty, Ts OfRERIN, HRN5H, PEi
FIWCH LT, RN TR bhi
110)111),

EoRNVEVTIRECVS, IT, MIT, DIT o
BRNGH LR, FRERRRT v F 2RV
THIE L7e®. MIT, DIT o & 0igkiE
WHELB LS BRoeDT (FhE R
304338 X 1N604Y), = DEDI|MET, O
1% & o iodotyrosine (MIT, DIT) & L%
DORBB L5k (Row job, 1966) X, £
SIEBEb LW LEL b,

V. BREERIVE > O AEEONE%12)

R AT O EBICHT BEERIR o
Tik, 19524ELIEiNIcs L% D Z & 2REBHLT
wk.ﬁﬁﬁﬁmovr%,%<®ﬁﬁﬁﬁﬁ
ONIZZ LIZV S ETHRC, FFE»D
5&,vfn%$%%$w%ywﬁﬁﬁﬁ%m
HF2b0L LTI, BOTRES Td -
101).

EFI920FE400 H1930FERITIE, ERMER
DIFEEREL CATohicz ez LT, FIR
BArErOERE, £ UTRBRERER~D
fER L LTEBET 2B hbhic. ROT,
v 2 I VDR L T OVER OB AR
EhT, 1930 b1%M0ERICHRZY, FIR
BALVE VR, EXIVIEATRZLICES
TERZd obToTREVIrLEL DN, &
DORRITIR - TeFFFE B Lie. RO 19406
BI9SOEMRIT T T, BEZOWEOEERL,
OO —RILTR U T, BREEECHT
? RIRIR s Ve v OIERDS, EOERBEETS

AHLEZBR, LEYVRFEIND X IITEK
s, T OEORZED—RIZ OV TR 2 KZi
L 7 80)81)83)84)86)83),

WEET Y, FE VOBERCHT AERIE
ZooERRMEh, —OIREREECHT S
1Ef, MBERARICET2ERABPEL BN T
W38, b L CHIRIREERTE I T 5 &
VEVOBBERCAGT bhTvie. FAIEBHF
R L Vb olc D, TEZOETh 7.

U BRI L L TEM O 4 Ok homo-
genate ¥k LTHV, FREAVEVOR
LR RERPERREDTETD 5 2 L 2
b, HEHESOBRRINE L IEREERIEEICE T B
ERic o wTEE LT Lic. %7, BERE
H~OEEEREHGPCTE L E2HREL
7= DT, in vilro THRAE VENZ THEER
# O Tdh - 7. Succinic oxidase!®50), succinic
dehydrogenase3®3»10NID, cytochrome OXi-
dase® 7z ¥ o BRI T 5 T, ORI,
W B L IEEN R ERE CIXEICHALR
RIEERL, ABAEHLRCZEVE, &
% (RS TR EE 7 S b B IR I B RE
» b BIBREOCBRNEED, 7506
2 ¥R U 7 aspartic-glutamic transami-
nasel®) i34 5 VEH bR LA TH - 7z,

PLEDEERgR AT b D L 9 1T (p.155),
CERSRIEOHENHO L0 TH Y, BED
R s b b BRE RV E VIXEER O BRRICE
Brhblcz bV oiELFPTIE, BTL
LM AESm X2y, LiL, 7T
D7 X 5T (p.156), BRERARHREVD
ERADSZ S, BRI 2 EREAZ
HLNCRTERLHDDT, EEROEERD
EZPVCOPERBEN LA I LED

19514203k, T, Ts 25, EMERIZB VT
itz IE T 52 L 3D b, O
e T, oEBAHTTHEIEAOAREBLEZ D
hicz b b, —RHEEOESE OREOHL
Lol b o, FAEE, ZHXAX—D
FIREIET 5 2 & 25, EEORESCHRAEEE
HET B FIRIR AV E VOEBEROARBRTH D
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BTERBVEVSERChol. 22T, Z0
EBxiklLrvsEHL, HBEROEE TR
LR BB L2 e T 5 2 R T 5 BT,
WO YD EFEE TR o/, ZOB, 15
KEEo T, 2fivsz L it L. 208H
1, FREROREUIET, FRESAVEVOERR

2180 T, WERECHR, KRETRELCYD
BREACOLZLNTO N BT 5.

vy ADHP» EREIEY, —EREAOER
FHNERL, ATP ~0 ¥P MARAAREZHIEL
T, ¥P/0, &Rk T BRI LOREL
T3L, OB AR LoR R S IH
W& (2, 4-dinitrophenol) iz X v B & 2T
T Uiz, $ER o bR E R T 2 D8
i, T O = R0 cFIH S ik
REd . T, OERAEE LRk o
X5 TH-1D., 104 Mi v 5 HBETIX, W
bR R o bi R L 2 I & 3 5 25,
10 MPLTF DIKIEE T, & LAIREHENR
Wwohie, 2Dz Lk, £EHHBED T, OF
AN, BBt REThI LV LR
RLebDT H 5. BFETE, T, 0&IER
DAREE, BbRERILoOMEIC S & » 5 Ak
FTTRE VLS THB. ZoE»L, FIR
AN E v OEEEROMEICE, ZoMER
FeaLERDB LW IBLP—ELLTr 5
Tz.

FF=Ty 7 VOEERIZ, BFRBRVE E
HOBERITIFESMBITH Y, IREELPD
Tiabh®®, FAIELIE T THgE Lz, 1953
FEH D, BRBERT O ESRIEE L3
FENIZL® T\ 7z 28 (Munro, 1953), Fhdk
1%, BB o bEER R L ' transaminase
COWTHIELTE Rz L b, BREORE
DRLGER L, Th bERR L OEH SRS
DIEHEE R ED X5 KBRL T 32 215
—;—5 iz LTC93)112)118>. 5%@’%:@?'( EN 118),
¥ To % e 2 TERBZREELLZEATY
%), succinic dehydrogenase & glutamic
dehydrogenase 73, BOWRINICHET - THHE
PMET Lk U 5 3%, aspartic-a-ketoglutaric

transaminase » ZEFSyMREESRIX, ARBPIENE
BRR NP o, 20 b, BB
O BERIEES L, S VB~ TBO
BiLaIElsh s 0T, BHARCLEL T X
ME—BEERBST R EL BRI, O
R PR AL E v L ROBERIL OV TORE
HIOWFET, TOREBHIMBERB I UZ O
D% OKIEBETR DA, ZERBIRE O B T
TrZLRmbh, £, BicoR3 X5 (p
164), BOBHA~DOT I VA ZHK, FIR
BARNVE VL > THRIE NS 2 & B BER®
bhic. thbb, BHOAR HHEhS |k
iZ, SERMEET S0 THB.

Bco_7z X 5, in vitro OERTRIEE
SEEMICET 5 BRI A VE v OEEE,
IRIEEE CIRERICERR LT, 2 0RERE
D ThERT, EEROEBAH, TohmowE
R, RE, TROEERSCbbbhb, B
HcEERERE, tACHATESZ 0L
Bbhihot. —F T, AETHERERV
EUVEARD bbb B ETILHTRD bh 5L
W ERE OB, SvE vOEEERL L
TRHEATE V. ZoEKREHEAT2RA20
—o L LT, Arevofgfi (T, TA) %,
Frgdl (T,) »oRBT3 L bRERICK o2
LT TIROR e (p158). mE R, FIRER
RVE VT X BREOREICE, HRIKER
AROBERET R bRV LSRR T
5.
PLbD X5 s ZE» b, BRI 5 Rk
RVEEAOROE, vhbbLEBRER (B
I U—REH) OARRICHHT SRR~ L BIEE
DEEETONE LD 1Ko 20, T
Lipmann.DuToit (1951) 23, FFOEBEARM
ERBARLVEVICEVIEET A Z LER TV
P, TOEROEBEFREIZ—MROBEEEZOLRCT
¥V, X 5= Sokolofl 7z% (1959), T
Tata 7% (1963) NERER L, LHEMHEOH
iR AL E R AV THERER bR,
wE MRECER L, RNA 0ofRESE
W, EBEHASROYTH S ribosome giFE
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BETHZ LIk oT, BEBREASC—REHD
EREET I ENEEL Lo, LEKST,
B, RAAVEURBIRERLTLD, ERE
HOARSHEMT 22 TOBBLEELONDIC
Bok, 205z b, BRERVE Y
DOVERIE in vitro CIXE®ICL L, in vivo T
RNVEVE D2 BT in vilro TEEREN S
HETB LV, vwbhwwd in vivo-in vilro O
ERPBERDIBERED LD EVEESHh
BREEoI. ZDLH BBED» OIFORERIC
DV L TR L2 S, & 2 iE micro-
some ¢ NADPH-cytochrome c reductase
iU, %< o NADPH EibEsiz, R
BRI X VIEEMET L, Ts BRI X Y[E
B3z LB bholct,

ZOX5iz, BREANLEVOERICOCT
X, BAAREEDHE IC oV T 0 A—IRICHER
Ehiz, Lzap, Ao ki, TEEZE
L ERB ORIk A © feedback BfEMNH 0O
06, Z ERAFRBEANE T, TEREE
o TSH &k & 0B HEMEANVE v OBREIH 2
ZEBEREShE. 25 v HEL,D, TH
iz LTk, BRBAAVE AEROELHD
H, ThHbLEAAGRMEHERRR NS TS
5L ifFEbL, ERLTA L 5
-, BUCTI/BLY ZH b, BAN
DT B AZHY, T, o k - TEHRM
HEF3ZLPHLPTR 0. EHERE
R LcB o TEEE T, PERS
RAMEHE LT, = © X 5 ke UIRRS,
TSH % 5 e MBS oV TR & &
bivicz &, TEEFTEERERICT T 5 FIRER
DH " feedback FHFiDATMER L X <R+
573)_'

IO cEELZ ik, T, oMEER
2, BRRE LAV EBRARLLTAIPED D
bh, Tz invitro TLR LN L TH 5.
TEAEMEBE~FRBRALVEVMEALT, T4
e TSH ofeitl+ s o L, R
AIVE VBRI L O BREREE TAOPIER
Taz2ichy, TOTEDEBHERITK

v, ¥, ERARERIEEALERL, invilro
TLHEERDODONBLEVH I LIX, ANVEV
OEFAPETIREL, MIRETHDZ L i
FLTV 3. ThbbZOHA, FRREVE
COERRL, BAARERDS Y B, b5
transcription o E¥pEGIL 7z {, translation @
BHEETHHHILELDND.

ZDnXHiz, BEREBAVE COBKTAHEE
ERBEALPIERY, TOEABELERES
TEREZLNEIEND, TEEICOWTOD
HEAEE D, HFCHERRE OBV T
optEERfFhRbUTE]. 7T /B A1A
R LB EHAROER CHEIL 20X, b
b EMHBICSSERTVET I BORT,
T EREML XY ELThE, ThETT
BAAREESRMF EE-TLS. 22T,
FORBIEER, BIRWIREITR o722, TEER
DT I ) BBEECIELE R R .

FTEAEMEOE 4 OBER D Tz, FRIRFN
L L CORBRCRET 5. TEEREL
FFo NADPH-cytochrome ¢ reductase, dia-
phorase, glucose-6-phosphate dehydroge-
nase (G6PD) i, FURMRiERE T, BFIC X
S>TFR BT %23, Tk cBboFmH
BERB. bz, TEED GPD EMII,
FRBfERICc X o< EFL, T Effick - T
ETF 50 LT, FozoBRx, &<
RT3, G6PD 1k, TEMAHEE CRIC
EHOBVERTH Y, T OESROEMEEMT
X - NADPH p ribose M3 52 b, &
Dz L RFRIRERIC X 3 BB KRB MO —X
TRARCPEBLZDNS.

FUREIEER i< X v, TEARZED lactate
dehydrogenase L4 % 25, ZOEERO
isozyme 0 % HAFICMEINENT 5. & O,
SLERPEAE IR L, glycogen MEINT 5. Z
b o, T, BREBEEFICRS®. %
7z, 7K UBEHERAEC 5 RBERIEE T X B Bk
X, FREERcroTREsh, T, BEH
RUE 1T FF (RN

FEMAHi#Eo Nat, K+-activated ATPase
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(tATPase) 1%, 73 /HEL VAR ICHEBEREEL
BCEERTHSRY, FRIRRMERIC X v S
HL, T, BRI Y TH2epicfls h 35
), T, X CoABENE RV E VIR
I X B IHIE I & 7 03 BRI B B o tATP-
ase LOWTRAED bhEVrd, Zhi TE
FHEOMBSERED—D EL BN B,
FERK Tz, TRE (FURIEHANS e 5
WRERTF) & CRF (B RERE ALV E V5
WMEERT) ORIKRTEH» bOZWHREEY,
Zhicl# sh< TSH, ACTH o T®HEH» S
DHWHRETZ LpmbhTeb. L, F
FERFEOCLBADOSRIEAIT L » TS
T, HoTRDPERRED. %727 v M OF,
RE L TEAFEOR2EBEHARIC OV TOWSE
LY iR &Y (Wit

DLEOHE TR, £ LTTEEOREAD
BRICOVTHEENZDTH 58, TEMEH]
Eiadnl L 6EOBEAMANVE VERRL
LAWTsZ LRmbhTvb. ZhbDRNV
E VO DL, NEMONE T LEOTEER
EPOERICHHET X 5 0, REAVEY
(GH) r3lpsiligs e (prolactin) ©h 3
(Lewis » Clark, 1963). z oz L% AHEIC Lz
M, acrylamide gel disc electrophoresis @
T N-EALDHRETH 5 (Davis « Ornstein,
1962). 7 BT 2 VRO ZH b RLE Vs
D BIAHERLVE VOLSREEDIREL L,
ERBEET 2 VB E L RFRAL TR E e &
eV, medium ~OMHBEE &VE VS
DIFELTBZLRTES. ZhbDFEER
HEbehniE, GH %721% prolactin &R &
SWicHT 3 RSV E VR EORERE, in
vitro TRBZZENTEBRTTHL 5. Z0E
BRI, Z0ohEE Ay ¢, GH ¢
prolactin DA/ E LW, T v F OESFLHE
Lo TEILLERZ EWRENED, F
7z, FREEHERIC X Y GH O FTEENSERE
Bk, FRBELE ViZE D GH AR NEE
TR ERMBRTE 780,
TEAAZEL, £ < OFRMNGW it O # 4E

&, RCBERT 2WERH O & icix b
LEELRFBETHY, TOAHAPESE, i
7 7B L VAR LEBEAROKERR, i
DRI LT B T B LLFEY™, IR
fRANE VI X B TFEREER OGO
TIRTTIROR, HEFEOTETIX, ik
D FRIR A AE VI ko TROBENERT B &
WHBEERTEND D, ZhLRUHERICXS
TREMES B 5. ERICINE, B, R LR
RS LTS 3Rk 0 B H A~ leucine ¢
HIABYE, BREBAVEVIZEVIKTFTB2Z L
BH LI ENTSD, gD Lk 5T, A
DEZEBEHDOARIZ, —RICEREBERVE VI
IVREENER, ILANTHZ LR
H&ha., %z&zi¥ alcohol dehydrogenase
&, TofE Hic & ViIEMNMETT29. %7,

cholesterol #» & cholic acid &7 3 i
fEf+ 5 12a-hydroxylase &z OFSCET
Z)?‘S)-

FE=Tr 7O BEBOER, FFobs
BOBHREH, TEANEO—ECEHSIVE
VOSRRITRT B R AV E VOERR, W
HHWELDOTHY, ThHOHE, SVEVD
ERAEETREL, MIRETHAI LEXD
a0, leucine xpind % tRNA o pat-
tern 2%, FRBANVEVRZEVEDL 5 1K
BHPBRERICHEENED. FF2Vr 7 VM
e, Tz, % tRNA 0F % & », o
tRNA 0B #{E» 3/EHERL, TORTIEE
R CABR R E R RSB o 72, SRR
o tRNA o pattern 25, bl b e AEX{ES
DT, TOZ LTk > TEHARICHT 3R
avEe v OERR, BiRicXY, b3
BeREBEHOERILLY, B35z Litkhs0T
R EEx b, BnEWO TEkiCo
W, FRBRAVE CREHARE T 28
BRI oV Tk, 2ok RfIEvERLAbh
e, : )

DL, BRBAVE VY OBEARICHT S
WHER &, = OERABERIC OV TORILORE
%ThHB. L, BHABIICEREHOR
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FR D BB ERIR AV E ORI TH B LE
Z2B5DIXREEHTH S 5. I CERIIEEOY
BEBL T XNV —FROBLEDHDOTED
B9, FhZNWOBEROREE, #HEs#%E, AMP-
ADP-ATP3%, & %\ xRS & (8t % 7o ix s
THRAENHER L 0REELSEIZ ik
- Th, FREAVECBAERT 2 RREL R
HN¥+Bzeixc&Eiv. ik ziE, PRESV
% {2k % cholesterol m&F: & SfEDIRME
IlmbhTwadzThHB), HRERVE
Vi3 F mitochondria ~ cholesterol ® & b
ABERET S, Z Dz ik, mitochondria
ICEE OBERIT, TORBE L5 cholesterol
PELEICHIBET A Lz v, cholesterol o
FOHORFBECHEEED X 5.

Co. ] (NAD-NADH) & Co. I (NADP-
NADPH) i, A#B{ETEROTT, £
DPIAKREER P27 bR BEBTFERAL, %
BETFHRER L LT, T8, B,
steroid hormone 7# ¥ DARRICE - TEET
b%b. TORBBEOREV L, T TIHIREE
DB AR L iF o cholesterol 4%
HRBONZ OV TH HMIC Lie, E 7 FRER&
e vo, Fo AMP-ADP-ATPRickt+ 51k
b, EAScEELTCEELEL bh, PIE
D TRER, kD HRHERE L TV 589,

Pk, FAILOBIEEETIT i b hic 184k D H
RIRATRRFZE o\ CHERL Lz, BICERL T
FRBICES Licbid TRy, 25 LTR
BL, BEA YO, BEERECFRRAE
BICERE S o TV 5. ToE i EBAlcHizE::
BRICBIEOPERBECH o722 825, 29 %
WEDRIC KB EE2 T it E AL
KRETH 5.

%7z, BRRSLVEVOERREPD, BT
DICERREE, MREEREET & 2 ERRiRRC
BAREZ L, BIEE AT R
SRR, £ LUV RERL
7 odr. BAEFETRFERMDL. E25,
MDD, BEROBEFAMETELZ L

53T, SR IVEARICEE ST B,
Wk T LN BRI Y AREZHCE S 0T,
B2 ORFFEH DS, & BEEE S0 BEER
BT, HEOERELSHKILTEDLT Th S
2, TR LY, ThEROBF,
HICBREEREEZ - TLB LI L TD
5. FRCEBRL CHIESROME S E LiE -
ronz vk bhrrbbd, Z0XH
BEHICELDTRS L, EOMELDD—D
DFENCHEAZEND LD BEHREL > T3
TENBEVICEATL 3.
ZHVIHIEDHINE, HARFRTELDT
Raziix, BlEOob22L Thbd Y, i
FHNEERZLDXIRE LTS, ZOBXE
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A study of taste effectiveness of copper ion in the rat Takashi Yama-
MOTO (Department of Oral Physiology, Dental School, Osaka University)

Taste effectiveness of copper ion was studied in rats, and responses of the chorda tympani
and lingual nerve produced by application of this solution to the tongue were analysed. The
results obtained are as follows.

Integrated responses of the chorda tympani to copper ion solutions above 1073 M consisted
of a phasic state response and a steady state response. The phasic state response was strongly
suggested to be concerned with the acid and/or salt receptor sites and the steady state
response was suggested as a response by binding of copper ions with the sweet and/or
bitter receptor sites.

Obvious nerve discharges were induced from the chorda tympani after water rinsing of
the tongue following application of high concentrations of copper ion solution (above 5 x
1073M). These nerve discharges lasted over 30 mitutes.

Application of low concentrations of copper ion solution (below 1073M) depressed and/or
enhanced the integrated responses of the whole chorda tympani to the successively applied

four basic solutions.

Copper ion tends to bind with sweet and bitter receptor sites.
Copper ion solution did not display any responses to the lingual nerve.

(J. Physiol. Soc. Japan (1971) 33, 169-1783

key words—taste effectiveness, copper ion, chorda tympani, bitter receptor.
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Fig. 1. Integrated responses of the whole chorda

tympani to 1 M sucrose solution and various conc-
entrations of Cu(NO;), solutions. The response to
Cu(NO3); solution above 1073M consists of a phasic

state response and a steady state response. Time in -

sec.
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Fig. 2.  Concentration-response curves of Cu(NOjz), solution. Open
circles represent a phasic state response (the peak response] and
filled circles represent a steady state response (the response at 10
second after stimulation). The magnitude of nerve response to 1M
sucrose solution is counted as 100, and relative magnitude of the
response is calculated.
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Fig. 3. - Integrated responses of the whole chorda tympani to
1072M of various kinds of copper ion solutions and 1M sucrose
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phasic state response and a steady state response. The response to
CuSO0, solution lacks a phasic state response. Time in sec,
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Fig. 4. Effect of water rinsing on the activity of the chorda
tympani after previous application of Cu(NOs), solutions. No
response was observed in the case of 5 x 10°M Cu(NO;); solution,
but the obvious nerve discharges were observed after water rinsing
of the tongue in the case of 5 x 1073M Cu(NOj), solution, and a
transient decrease of activity was observed by water rinsing while
the nerve maintained this high activity level. T. W.: Tap water.
D. W. : Distilled water. Time in sec.
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Fig. 5. Integrated responses of the chorda tympani to 1M
sucrose solution at the different activity level (A to E). The tongue
was rinsed with distilled water during the period indicated by a
black bar. At the high activity level (B, C), a transient decrease
of activity was observed by application of 1 M sucrose solution,
and at the activity level shown in D, no response was observed
after application of 1 M sucrose solution, and at the lower activity
level (E), normal sucrose response was observed. Time in sec,
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Fig. 6. Effect of wvarious concentrations of
Cu(NOs), solutions on responses of the chorda
tympani to 0.1M NaCl solution and to 0.1M
tartaric acid solution. Copper ion solutions above
107M inhibited, and copper ion solutions below
107M enhanced the responses to both 0.1 M NaCl
and 0.1 M tartaric acid solutions, respectively. The
magnitude of control responses to 0.1M NaCl
solution and to 0.1M tartaric acid solution are
counted as 100 in each case.

1) i, REOMmESE . BEBESRA 2
VERIRIC X B AR NIRRT B
SRR S ORI IEA10% T, = v b r—
NORISEIC S ¥ B ETI, BEKOBEAGHS
5y, BEABBROBENS ool 55,
R OB, FEHoiCKELE.

%70, BTICR LML, 1M BEERERKICH
THAHEMRERIEL, »orUHFICELIN
AF VERDOBREPMRRETH 50, BBET
HBPICE T, BHED B VEWfloE s %
Fic. BE 10'M O A F VR OBE I,
BEEEYSUE ORI = v b v — L DEIT0% i it

1 1M Sucrose 0.005M Q-HC1
100
% i RAT 13 RAT 14
80
10-3M
L
60 \-—0—0—0—0 N

100
10-4M /
809

60

120
10- 5" 100]#2&—0—-

10-6M 1°°]H"\._/'

80

-

- A
10-8m 2 ]{ \
0 3 6 9 1215 0 3 6 9 12 15

CuNo3)2 MIN MIN
Fig. 7. Effect of various concentrations of pre-

viously applied Cu(NOs), solutions on responses of
the chorda tympani to 1M sucrose solution and to
0.005 M quinine-HCI solution. Copper ion solutions
above 107*M strongly inhibited respomses to both
1 M sucrose and 0.005 M quinine-HCI solutions. The
magnitude of control responses to 1M sucrose
solution and 0.005 M quinine-HCI solution are coun-
ted as 100 in each case.
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Fig. 8. Effect of 0.056 M EDTA on responses of the chorda
tympani to 1 M sucrose solution (A, B) and to 0.005 M quinine-
HCI solution (C, D). The time course of recovery was different
from rat to rat as indicated in A and B. The response to quinines
HCl was not completely recovered when it was inhibited by 1073
M Cu(NOs), solution (D).
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Fig. 9. Single fiber analysis of the response of the chorda
tympani to 1073 M Cu(NOjs), solution. Obvious continuous nerve
discharges were induced after water rinsing. After second trial of
water rinsing, the nerve discharges disappeared for about 8 seconds.
D. W. : Distilled water.
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Fig. 10.  Histograms summarizing frequency of responses to four
basic and copper ion solutions in 16 different single fibers in the
chorda tympani of rats. N : 0.1 M NaCl. Tr : 0.1 M Tartaric acid,
S:1 M Sucrose, Q:0.005 M Quinine-HCI, Cu**:1073M Cu(NOg).
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Fig. 11. Responses of two kinds of single fibers in the chorda
tympani to four basic and Cu(NOs), solutions. A transient response
to 1073M Cu(NOj), solution was observed in acid fiber. Continuous
response to 1073M Cu(NO;), solution was observed in quinine fiber.
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Fig. 12. Effect of 1072M Cu(NOs), solution on responses of
the lingual nerve. No detectable response was recognized in the
integrated response of the lingual nerve to Cu(NOj), solution
applied to the tongue surface. Time in sec. (A). No detectable
response to copper ion was recognized in the single pressure (B),
touch (C) and cold (D) fibers, and their original responses were
not affected by previously applied Cu(NO;), solution.
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2, 3-diphosphoglycerate (DPG) &BE:&E L T 612.127.2 : 612.646
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Oxygenation properties of fetal blood with special reference to
2, 3-diphosphoglycerate Yo YASUMITSU (Department of Physiology, Nara Medical
College, Kashihara, Nara)

Oxygen dissociation curves of human adult and cord blood were constructed gasometrically
and compared with each other in pH range from 6 to 9. In almost whole range of the pH,
the cord blood showed a higher oxygen affinity than the adult blood. The former had also
slightly larger Bohr effect (dlog Pso/4pH = —0.50) than the latter (—0.48). The peak of the
Bohr effect curve in the cord blood shifted toward acid (pH 6.15) than in the adult one
(pH 6.50). Both the blood showed an elevation of oxygen affinity upon their incubation in
vitro and this change could be associated with a decrease of the intracorpuscular 2,3-
diphosphoglycerate (DPG) concentration. Upon the incubation for various lengths of time,
both the blood were examined for their oxygen affinity and intracorpuscular DPG con-
centration. Interrelationship between both the parameters suggested that higher oxygen
affinity of the cord blood might be due to a lesser susceptibility to the DPG level of the oxygen
affinity in hemoglobin F, the main hemoglobin component of cord blood, than in hemoglobin
A, the main component of adult blood. (J. Physiol. Soc. Japan (1971) 33, 179-192]

key words—O, dissociation curve, fetal blood, 2, 3-diphoglycerat incubation, hemoglobin.
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155 RS 4G & e 4%, 7k$RE 0.9% NaCl
TR ERH Lz 1ml YLy ) VRS ICE
SR VY. Y HLZmEE, REET
KARHFIARTE Ui, Mgdlet o 7 2 447,
Van Slyke-Plazin o#E®REE (FTEMKEE
0.1ml) X v®, Ebt/ A—F—-NKMED
72 45547x Haldane o 5 2 3#88IC & - TYT
otz

ZbhiciERr b, £ h Fhodlito% O,
FFEE (y) B X ORHERE D O; SE (Poy) &K
R XV EHLE.

- (0; &8)—(EiEE Oy
(O, A 8e)— (AT Oos

O, && b5 Po, L &M D O,
&8 (Vol—%)

(HERYEAE Oeooo 3T Po, T LA I 4
HERIHET 5 0, & (Vol—%)

O, fEafE - ARUE, HRT TR ZER
LG & 1R D il Os Bk (Vol—%)

(HrEmEYEAE Only- oo EFESRM T I iR 14
BT 5 O & (Vol—%).

R oW T

Poz=——o/:‘i0(32 (B—W-pp %7t —np)
te 273 V4+S—(b—s) (2
tr+273 V—b

% Oyeeveee b A—F =MD O, %

B, Weeo oo F 23T O R GER L O Z DR
DEIR T OMFVKEKE (mmHg)

te, tr-- P IV e ERM ORER X O
H A0 ER (C)

Voo b ) 2 — & —758 (ml)

Serienn S OD b ) A—x— 5 Haldane
SEBIZ L ) Ahfo A8 (ml)

bee s RGO b ) A—F—ITHEAL
7o ¥ E (SEx 0.5ml) .

SeoEHHE T AGHD Fo O N ) A—F —
Sy H LU mkE (ml)

PP, Np-+eeer F)A—F—0bSmloyzaz
Haldane #fEic & YHLEZE, FA a2l
v b LKSBOKBEDOEDP DEATIE D/ A—
% —NRRE (np) £72135E (pp) (mmHg).

ko XdicLTEH Ly & Po, (72i
ZoRE) KL TTry b5 L O, i
BBz ohad, F—F—%k&bic Hill off
EagheD .
7/100=Kpa/(1+Kpr) orvereeereerveenens 3)
2k - T Lz, 7L, pikPo. &R0,
K, n zehzhEske, aE O o
b (Hb o O, ot 2 5ifniE) &, #EX O,
EHEHBROTIR (~LAHEEERORS) 2%
NZERKRET 5. ’

@) X bEFH I,

log—= 100“7 =nlog p+log K «eeevee (4)

NEPNBP B, logly/(100—y) % log p i
HLTT ey k Liehd, ERSZ bh 3%
T, TOEROAESENEEZ B, Fi y=50
DEED P EEKIC Py TRT L, B) A bR
DB Z BB,

K =1/(Ps)

L7eRoT, Peolzk v, Mg (Hb) » O, ic
T HPTMEERRAT LB TES.

X X
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2. ik pH e

HABHHET R, 7552 y=50 [TiEv ik
Bz o, pH meter model HM-8 (%#
B —WEnNEHA Y 7 2B HG-5005 (FHE
BI) CXVHE L. JER 14~16C o=
BT - 72t%, BEMRE—0.0147/C* i &
> T, HAREHEOREE (38°C) TofiicHiE
L7c.

3. Met Hb A ENE

HRAGHHET %O MK E v, EHLOHE
0% & HICHE L THIE L.

Fhbb, 10%7 ve=T L RN BiA
F vk 10ml (2, Rk 0.1 ml % Jnx fxi
Bftas. kwozos5ml %80 02M #%
ERfREE (pH6.8) LiRA L7cth, KCONfHS 1
Fenz X <EFML, 542mp TOWSRE LN
BT 5 (B). &bz KFelCN)s 5 1K %0
%, XBTEME L T b 38°C 120450k E
L, B 542 my TOWRMEEFT (B)

Yo Met Hb &F%i3,

KE:—Ei 0100 oveeeeeeeeeeeerannn
_mx 100 (6)

nhEHENS. 27 LKiEEE (=1319) ¢
b5B.
4. Hb F &H%WE
Jonxis & @ kinetic #32 1 X Y flE L7z,
5. FRIERINAE R IL AW O4HE, E&
Bartlett @FEMCIZITHER L CTITR o7, #
fEOREE 2 FE+ &, ¥Rk (BF 10ml
Hitk) RRAREREEICE Y, MIREELS
BESE, ImBkEk® 09% NaCl < 2E ¥ iE+
5.

Z o4, Lenfant 7zb iz & - T buffy
coat MERFEIXATE b 39, MIKES D v 2R
BYXoMLorEE A 9. o v T Packed
Cell Volume o#fE&ED10% 3 HALEHE T 1
I, 5% 3 bEigT 2B L, HHkEE
&7 5.

B Ui BB %, RO —T Ve SHF
SpCiR D (4 [H), 3HEALERERE MHBRET 5.
N, #2 2R eEL (=—FVEDK &k

il DERFR PR T 2w T 181

BET) Lts, BA A v sisifE Dowex-50
x8 (H*I) # 5 hicBL, RUDIFF V2R
£¥%. B#gic 109% NHOH i< x v, Rkt
pH 2Hiicd 5. z0Xdic L T x 230
i, #EHET —20C CHERE LK.

BEHERLEYOSEICE, B A4 4 v Rl
Bipg Dowex-1x8 (CI-&) #5354 (1 x14
cm) v, BEREHEITE o7, BWHEME
i, (a) 0.003 N HCI: 300 ml, (b) 0.01 N HCI:
300ml, (c) 0.02N HCIl : 300ml, (d) 0.1 M
NH,C1 : 300 ml, (e) 0.2M NH,CI : 400 ml, (f)
05M NHCI:400ml, (g) 1N HCI: 200 ml
T, 14EEF20ml & L. FELES O
i, 02M NH,Cl CHEHT2EHS (€) b o
<, DPG W4y & L 7. £ESOBERE,
Bartlett o745 iz X v, P gmoles/
Packed Cell (ml) 2 LTHEHLE. &R, £
fitie>v¢ DPG/Hb vk & L C $3FbL
7.

. # x

A. FEERRIRM T & ICHER ALY O,
g ic > T

Fl—S&RETC, FERRRMm L 5 pk A i ©
O, #fMEZ IELTH 5 L, HOL2HFD
FRE v 5 EER1E, Haselhorst 5233 k
Ot Litarczek ¥k, WS op#HES R T
VAR, WERLEIAET, B pH b
> TORBPRRBE R ShTvizvy. 22
TETEMIC, K pHEH (5.9~8.7) bl
-T, 2 O, LR EERL THz.

Fig. 1 & Leoiz, pH7.60, 7.15 TOEH
MEOHBETH-T, a) X y. vs.p Py b
%, b) X y.vs.logp v v b%&, %7 Fig.
2z log y/(100—y). vs. logp vy b+ &
FRNEIRLTV S, £ THIBROME (0.8
) w0 THB L, FipH & bHiA Lo
BIEERAMLO FZH I LEFMET D Z &
b, LVEC O, #FEEET2Z & Bb»
%. %7z, pH B{ticktict 2 diRoE (O
PRt OB OBEERELTARZ L, WE
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ficig A ¥ EE R (Fig. 1b). L B -
T, Bohr ZIE0OKE SKBELTR, WHEe
MERRBELEZL I, Fig. 1babdbr
32t ThHBPN, pHEMCHIELTES DX
WEOEE L bMEZT Td » T, oW
(~ AEHREME H ORE) B s & b h i
v. HillRiz X370y h Oz b3 EROL
B (nfE) »b, ZOMOBELEENIC A T

100 T —T T T

75

a
Q
T

n
ol
T

o

10 20 30 40 50
Poz (mmHg)

(%) O2 Saturation
o
O

Fig. 1.  Oxygen dissociation curves of human
cord and adult blood at two pairs of pH’s and at
38°C. a)y vs. p plot, b) y vs log p plot. (——) cord
blood, (-+++++) adult blood, |l pH 7.15, @ pH 7.60.

ZBHL, nEEVERD 28~29 L —F LzE
% & % (Fig. 2).

Uk, Zo0 pH cxizfRe, SbIKEV
pHAH CHREt LckER%, Table 1a, b Bk
W Fig. 3 w—FL TR LEZ. ZhbnEERic
BT, BBk pH B{kix¥fg Peo, 01k

DI X - TERLZ D, BBCBmER L

Tk v pH %9 Bewicix, Peo. Zikic
ML T, SHICHLERD B CIZEREY —F O
IMBABRETH 7z (Table 1), x bhickERix
UTDXSBEHTHZLHTES.

1) BetLe pH 03 o B8Rz T
(im, 43R pH KL EY), FERMITE
CHEAIL & D &V O, itk (IRv Py fE) &b
2. feiitinis ik (pH6.3 DITF) Tk, &
ORBRMER L CRAILOER L VEy O, #
MEZTT. 2) vwhbwz Bohr 2R (log
pso vs pH Hi#R) OWix, £F s LTlH £<

1.0
05 -
>
1
>
S ot :
(@)
°
-05 -
-0} ' , 4
1.0 1.5
log Po.
Fig. 2. Hill’s plot of the oxygen dissociation

curves as shown in Fig. 1. Symbols are the same
as in Fig. 1.

FEPL T 28, o~ 7 OMESRALML
DA (pH6.50) kb L, #HHAR i <k pH
6.15 L i b ic B MERIICBBI LT\ 5. Eik,

AER pHIRTD VW 5 7 v 7 U & Bohr %
B (alkaline Bohr effect) mk& &%, ¢=

%@_(pH 6.9~17.6) 1T X - TRk iz bt



Table 1.

a) Adult blood

T Y 0 BE SRS RR i 2 T

Primary data for oxygen equilibria of human adult and cord blood at 38°C

E&cgt mlzg‘ﬁ g pH. log Ps* n** Met Hb % Remarks

1 41 6.00 1.763 2.7 5.0 M lactic acid added ; 0.05 ml/ml blood
2 40 6.27 1.785 2.8 0.9 ” ;0.050 »~
3 43 6.40 1.792 2.8 4.2 ” ;0045 7
4 40 6.80 1.685 2.7 1.5 ” ; 0.040 »
5 40 6.89 1676 2.8 14 ” ;0030 »
6 40 7.11 1.607 2.8 2.2 ” 50025 »
7 45 716 1555 2.8 0.7

8 41 737 1423 2.8 O~

9 41 741 1404 2.8 O

10 24 759 1334 2.8 9.6

11 — 8.06 1136 2.9 0.7

12 — 817 1113 2.8 9.1

b) Cord blood™##*

Eﬁgt ' mfr)ﬁ(ﬁg pH logPs n MetHb % Remarks

1 40 5.86 1770 2.9 3.4 M lactic acid added ; 0.07 ml/ml blood
2 40 591 1.795 2.8 1.3 ” ;007 »
3 42 615 1.816 2.8 5.4 ” ;006  »
4 40 643 L1752 2.8 5.0 ” 53005  »#
5 40 659 1.672 2.8 13 ” ;004 »#
6 40 6.89 1574 2.7 7.6 ” ;003 »
7 115 6.99 1.507 2.8 3.7

8 100 7.06 1472 2.9 7.6

9 78 7.15 1451 2.8 3.7

10 50 7.33 1.376 2.8 0.6

11 45 7.34 1361 2.3 0~

12 40 7.39 1311 2.8 4.8

13 21 744  1.342 2.7 0~

14 20 746 1338 2.8 4.6

15 17 750 1311 2.9 0~

16 4 754 1.285 2.8 7.9

17 8 7.60 1255 2.9 5.1

18 — 771 1190 2.9 35

19 —_ 7.83 1.130 2.7 7.7

20 — 7.97 1.089 2.8 6.9

21 — 810 1.000 2.8 7.2

22 — 8.34 0942 2.8 2.6

23 — 8.67 0.875 2.8 1.9

0.5 M bicarbonate added ; 0.06 ml/m] blood

* ; logarithm of the oxygen pressure at half saturation
*% ; the exponent of the Hill’s equation

#**k . Hb F content of the samples ranged from 80 to 96%

183
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LTHBE, FRAMTE ¢=—048, AL
T ¢=—050 L7 oT, ErERLBEDS
2358V Bohr #RZ2 L o2 L 3bh 5. i1,
WHEOGAE L b, Bohr ZRth#oE Hb %
HeovTHfEShTeysb0k X HEPIL,
BAEACREEOSHE L B U <, HAbric#

3.0 .

20 b

Fig. 3.  Oxygen affinities (log Pso) and heme-
heme interactions (#) of human cord and adult
blood in wide range of pH at 38°C. O——Q ; cord
blood, @—@ ; adult blood.

Table 2. Summary of oxygenation properties
of human adult and cord blood (38°C)

Pso (PHL7.40)F  n* m":;g—pﬁ’——
adult  269+13 2801 —048
cord 220402 2801 —050

* ; means and S.D.’s of oxygen half saturation
pressures (mmIg) at pH 7.4 and 38°C
*#% ; the exponent of the Hill’s equation
#kk  calculated between pH 6.9 and 7.6

Bohr %5 (reverse Bohr effect) mfEfENEE
» bz, 3) Hill Ko nfEix, Hiwe b pH
LIRBRI K —EDE (27~2.9) 2R L.
P EORRICS & 5T, FARIm & BRA
O O VHGHERE 2 IR AR B L < %4 % L Table
20 X5iciny, WEROZZ O, Ffntkico

WTOLEHCHBNDZ BRSNS,

B. 38°C R X 5 FENM, RALMD O,
R iy A |4

B, FRinEkAicsg 5 Hb o O, #HFniEHR
HEFL LT, DPG BicbriciEHERB X
HIThE o T1D, FORER, = OBICIR - W5
DEFHRESHTVER, 20iEe Ak Hb
WRIZOWTO LT, BLTZ oWERRIL
BRATIMIE E DRz bEE LTV EREon
T, BREPORMBECTLAEY. 22T
T2 OEMIC OV TETO X5 BiRA 2177

o7z,

100 T

T5r

50f

25F

100

Oz Saturation

%.

log Poz

Fig. 4. A positional change in oxygen dissocia-
tion curves of human blood upon its incubation
in vitro. Incubation ; 38°C, 5.5 hr. a) Adult blood.
——; fresh blood, -+---;incubated blood. O ; pH
6.90, @ ; pH 7.60. b) Cord blood. ——; fresh blood,
------ ; incubated blood. O : pH 7.00, @ ; pH 7.54.

Fig. 4 a, b 3zhehn, HAM, HiERIL
% 38°C ¢ 5.5 hr. BB L7284, =0 O, P
HAIz B 5B LR LTV 5. MILOBE L
b, BRI X - CHROMBICESFBE (3
bt O, PREEK) OBk RNbh b
25, FOBERZRHLPICEBEDOHEDFIH KT
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b5. —F, HROF (~sHHEEER), Bohr
DEORESCEBBIRLIVELALLEBLDR
wHLVvZ bbb ozl E, b
ZEHIC O THED ® 7203 Fig. 5 (FRAIL),
Fig. 6 (H&R1M) Th-T, HEOEER O,
BFMEERORICIEE S Z L BRSNS,
Zipursky 55012 L, fikk 37°C icigE
T3, BEERE &b icRmEkE DPG ik
BRI, D ORRA LT O fREEEELH
ERMTOZNOHKL/6 ITBERVE V.
—7, Benesch &1, Chanutin &¥®pPIskEE

T T Al 1 T
2
o l5F
o)}
A
1O -
1 1 1 1 1
30 oFe 1
[l
2.0} 1
1 1 1 1 - 1
6.0 7.0 8.0
pH
Fig. 5. Changes in oxygenation properties of

human adult blood upon its incubation in vitro.
Incubation ; 38°C, 5.5 hr.. —— ; fresh blood (cf.
Fig. 3). O ; incubated blood.

% DEBHER S 5, DPG 28 Hb (< L b3
wikgETo) o O, FifmER R TS5 &ic
g OAHIT .

IhHDZ L EEBCANT EOBEEZ LS
&, BBicXs 0, @ik, BXOR—F
FIRE I b A2 & TR ML T O FFntE R 2
BETHD L OEEZ, £TREIK X 5HRILEK
W DPG BIEFickBb0k LTHATEZS
iBbis.

C. RIEM-FEAMEIC % 2 O FAEDZE

& RifEkpy DPG £ & o B

LAk, DPG 0%pg», FifnEkpy ic £ v T
b, Hb REOBFEFEHEABND B LV T LA
bholz. ZITEDBK, TOHRLSVTER
MBEeTa 5 L & b ic, RAM-BEImLE
wHh b O, BFnEnERL, ZOWERMLRD
BHbdaEbonldne#lITHE.
TZTCETEZONSOE, WML TEORIM
kg DPG EBICERDBDOTEAEVHEVD
ZLETHB. IO LIROVTIE, TTIRERE
M R DSRAS & T\ B ASOBID0, A&
BIZFHRA L TH 7.

Fig. 7a 3 &pesa R meko 3 /b FmeHL

o 151
a
)
A3
1.0
30
f s
20 ' 4
L 1 1 1 1 1
60 70 80
pH
Fig. 6. Changes in oxygenation properties of

human cord blood upon its incubation in vitro.
Incubation ; 38°C, 5.5 hr.. —— ; fresh  blood (cf.
Fig. 3). O ; incubated blood.

Wiz >\, Bartlett 092w u<
S5 a0 14, DPG @dE4s () & LTHEHL
TL%. ZDnXdikLTx/ DPG E&E%Z, ¥
BERRR AL & A R i THE Uiz o 25 Table 3
ThHoT, TAOHELFILL, MHEMICHS
REZORVZ RIS bPB. LER-T,
WHEEC # b h 5 O, F#FEDZEE Rk
DPG GRBOEIC L > THHAT 52 & B RAHEE
Th 5.

Lo TRiL, Hb F ke Hb A JgL
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Tix, DPG o O, SiFntmHIshR o+ 5 sz
PRIZPB YV REBEODH B LN REESI Ty 39
DY), 2ZT, LR, FOKNICBOT
BV LoD E I b, WETIT, YRR
DEIZ L - T, FAERM-FRAmEDO O, Ffn

HOENFATELZNLE 9, EHLPIETS
7w, WIIKEEAREREL T, Z20%a0
sk DPG &8 & fuik O, gifntd: (Ps fE) &
OBEE% 7z, Fig. 7b 1, 38°C © 20 hr. §§
B LiesmsRiic >, SEtnoss L Rk

Absorbance(830my)

«—ad—le—b—re—Cc—|e—d e —|le— f — g

Absorbance(280my)

20 40

60 80 100

Tube no.

Fig. 7.

Chromatographic fractionation of cord red cell phosphate compounds extracted

with trichloroacetic acid. 1 x 14 cm column of Dowex 1 x 8 (Cl form), flow rate ; 3 ~ 4 ml/
min, fraction volume ; 20 ml. Elution with ; (a) 0.003N HCI (300 ml), (b) 0.01 N HCI (300
ml), () 0.02N HCI (300 ml), (d) 0.1 M NH,CI (300 ml), (e) 0.2M NH,Cl (400ml), (f) 056 M
NH,CI (400 ml) and (g) 1N HC] (200 ml). a) fresh red cells, b) red cells after 20 hr’s in-
cubation at 38°C.—— ; absorbance at 830 my (Bartlett’s P assay procedure), -+ ; absorbance

at 280 mp.

Table 3.
and cord erythrocytes

DPG content*

Methods of assay

Reported average values of 2, 3-diphosphoglycerate contents of human adult

Authors

Adult Cord
3.87 (4)** 3.14 (4) paper chromatography Greenwalt et al. (196024
5.49 (8) 5.80 (12) detd. as non-hydrolyzable P Zipursky et al. (1960)5®
4.95 (6) 4.48 (12) Dowex-1-formate column Greenwalt et al. (1963)%
chromatography
3.62 (20) 4.43 (22) an enzymatic assay Schréter et al. (1967)*

489104 (7)F**

4.39+0.67 (6) Dewex—1-chloride column

Present author

chromatography

*: pmoles/m] erythrocyte

**¥ : figures in parentheses denote the no, of determinations

R £S. D,
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KLTCilk/mn= b7 5CHoT, DPG
5% DAEREFRMER 1T 7 72 KSR B Sy D 5
CBRENEESITHERL, RV KEL LTE
HBEER D DR 2 HISY (D) ICEHRROKE L
TVBZ ERbhb.,

Fig. 8 ixBRAMIC OV TOREERED 1 HlZRL

100 T 1
I
S 75 .
i
3]
S
3
5 50 :
»
o~
(@]
3 o5l 4
1 1 1
0065 10 15 20
log Po.
Fig. 8. Invariant shape and altered positions of

oxygen dissociation curves of human adult blood of
different DPG contents. pH 7.37, 38°C. O—Q;
fresh blood (DPG content =4.49 umoles/ml erythro-
cytes). @——@ ; incubated blood (DPG content =
2.13 pmoles/m] erythrocytes).

1007 T T
5
+= 75r E
g
2
3 50 .
o~
o
2 251 4
L 1
065 .0 5 20
log Po,
Fig. 9. Invariant shape and altered positions of

oxygen dissociation curves of human cord blood of
different DPG content. pH 7.35, 38°C. O——Q};
fresh blood (DPG content =4.64 #moles/ml erythro-
cytes). @——@ ; incubated blood (DPG content =
1.99 gmoles/ml erythrocytes).

b0 Ths. Hiter DPG & Packed
Cell 1ml 7Y 4.49 umoles (DPG/Hb =
H=0.93), Peoffins 26.9mmHg Gdb oz b O
25, BB X » T DPG & & 2.13umoles (DPG/
Hb £V =043) L1G@EEW L7258, P @

i 21.8mmHg ¢ # 5mmHg (R FLTWv 5.
T CHETR&Z L, %% T DPG/Hb =
VN OSEENEL LB ehhb b, Rk
FETT, Hb WROBEITH b vz s O
REAL (24892, @Bz bR VI ET
bB. -

FERMC OV TLLL AR TS » T (Fig.

Table 4. Oxygen affinity (Pso) and 2, 3-diphos-
phoglycerate of human adult and cord blood

Adult Cord
Pso 2, 3-DPG Pso 2, 3-DPG
(mmHg) (moles/mole Hb) (mmHg) (moles/mole Hb
26.9 0.93 22.0 0.96
25.7 0.87 204 0.73
23.9 0.72 20.1 0.58
22.5 0.64 19.6 0.47
22.1 0.58 18.7 0.44
©21.8 043 17.6 0.19
175 0.09 16.2 0.05
175 0.04 15.7 0.02
17.6 0.02 15.6 0~
17.0 0.02

T T
25}
[+d
n
a
20t
I5f
1 1 1
1.0 05 0.0
2,3-DPG (moles /mole Hb)
Fig. 10. Relationship between oxygen affinity

(Pso) and red cell DPG content in human adult
and cord blood. DPG contents were expressed as
DPG moles/mole Hb in whole blood. Q ; adult
blood. @ ; cord blood.
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9), B Ic x 5 DPG 4 &m 4.64 pmoles H b
1.99 pmoles ~n{E T (DPG/Hb = v Hix 0.96
B 044~IETF) i fk7z v, Poo fE1222.0mmHg
2 b# 3mmHg {&F L ¢ 18.7mmHg &7z
%, HBROBRELOEZ b2 LIERALfL
M Td 5, DPG ETicfEind Ps EEKT
OEER, RAMICHLEALPCEETHDZ
LREEENS. BERBEZCSVCSELTH
BEBRE 175 o iR %, Fig. 10, Table 4 1z

—BLTHR L. 5B, Po fHR, &Thkick

Dz ¢=—0.48 (FAlm), ¢=—050 (FrAN )
v, pH7.40 ToOfEIHIELE. AL
FERMOBHAE L b, IRy DPG RE DK
T (DPG/Hb £ VD IET) L L bz, 00,
PR ERA TR (Pso EIZET) LT
®L R, ZOBEXRAMOSTBZHBHIZKT

b 5. Bohr R DEFE DIREK ¢:Al+%HP5_O

dlog Py,

THBE, RRAM T +032, FHAERMTE
+0.13 L 755, = DR, BRI REkNDPG
DSERIC AR R LIORRB Tk, SOl T
WEECS b i O, #ifattozE Py T 4.9
mmHg) @k vPpELEoTLEY Py T
1.4 mmHg). #icz 9 &, DPG OfFELEWIR
BT, WMimsRimERo O, ki kEE »
e, FRimEkA DPG oM KRIck VB S
O, HIFMEIE Fic s\ T, MaRIMERE Iz DPG %)
BRSO N D B T b Bl ICH I T,
FiE M ek DPG BEOENR L \IT S h
bo¥, O, gk kEhB C2ETEZ L
2%, i kcihiz X 5 ic, DPG/Hb
VL EERE L, O FHEiROMIRTE
SHEREZL, nfE T A B, BmLb
28 Hitk L —EDEE R Lz

V. & %

#404857, Haselhorst 523 X (fLitarczek
B3I, BAW O MR A7 ORMED MR L
T, B O, SR b oz LEPOTRERL

7. Pk, T 0EEEIFEEROTEEIC X - T
VR LBIZE S, BRRESN TE R0, &
7ok Pz oW TRHENZZOFER, 54
fOEIC BT H A b b — 2 DR 5AE
YLK THY, EHEENBAIYVTIE, Zh
WiE#E AL T ORME-IRIER O, BTtk
T, REREBEHEE bz L bEARBINTE
3. L LEXD, fEROER, vwThi
FREEOIR b e 8 F T b il 7R b
DWED o7z, = O ESEIORER, EEEO
pH kbl - T, BRI & RALE & 2ok
BCREHCHRLZZLDTO L O LR
5., ZORRY, chETEHREINTVIHE
WREETOZN L BT D L, W OPOHE
ERpEsh3. 29, O, @ifnkicowThi
3L, &k pH6.3 DL CRREmASH
AL L Y BRVEREER R Liciest L, &
Wk z o pH I cHmE i O, #fniko
EEA LR, —J, pH6.3 PUTFt4&Mmo
BECH N BWEE O O, FFEREMAR DMK
i, BIEREEBE v T b 2ERBCED bR
7o. 72721, Mann 5302R3F U L BRIREBETX
Tk L, pHT.2 P E TR mEMICER
B HBEGR, pHT.2 DU Gk &miREE Tz D
Lfic, RAMBOEE»Z > T VR O,
BRI RT L v 5. Bohr ZhEphRoO Y — 7
MECEL T, 2REBTE h 2 h pHES
(FR A1), pH 6.15 (BaYaif) & B & o A& D A
Shinic/K L, Mann & ORRESSO Cikz Ofr
BlzzE v (pH6.5)

72721, Antonini HORED b1 B L,
FWHCREBIZ B T O FEHICH b2 E B3
bhsk 5 Th 5. pH6EI~T6 HTRkdi
Bohr Zh3 KT (p=4log Pso/4pH) 1&, FRALL
© —048, JERMT —050 k7T, WK
Bexbhizbnr I —& Lk TRt~ L
BHEEAOKE & Hill Ko nflE) covT
gL T A& B L, BRI, RAMLE biC, &
fin ~YAWEIR BRI BB 75 { — Bk Lo fE (2.8~2.9)
¥R U7, pH6.9~7.6 @ CAFEIZ 7 Po &
%, kicx 7z Bohr ZIREF & v, My pH
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740 TOMEIZHIEL TH B &, 26.9+1.3mmHg
(FRA L), 22.0+0.3 mmHg (J5UR 1) & % - T,
ThehigeEfl 268 mmHg (RRAMD, 221
mmHg (fIRMO & k< —&L7%.

PLE, BRI A, 2o 0, $ifn
B LT, koo Lk AN pHIR
DHIE BT, iy Ev pHEHATHS 2 E
DHBZLHbhrolk. T, ZOEIMT
PREAC X Z2hEE2LE, ETE2ZBNS
DEHMmE O > Hb 0FTthH 5. HAEER
DFERCOWTHS L, M Hb 0F1580%
%, BRAMLF o Hb (Hb A) » iz o R
5 HbF ik ot bh T3 (5%920%
ik Hb A). &gt Hb RETE5ThH 5 &
S5 Hb 2 b 2FORY RIS F FEP D TE
A BAEEER L (HbA=a B2, HbF=
at 1), RYRTF FHEO—DIEF L TH 50
(@r gH), ho—2REVICKELRLS (B84
T8 Thbb, B4 T W T I
TRE0S) L3YVERT CHIEN D B L v H®. ok
Y g EkED S Hb 0ofE,L, T H #
NWIRRM-RAME % & h 5 O, PHiHkiET
DEFHALLI LT3E2FHI, T2 LEh
HTikd 50, ERICZ bhAERFEECRED
LT, P Y URICHBREE S5 22 mh o1k,
Thbb, T TIc193648, Hill 58320/
LR MERIREIR DIRRB T, WfLHic 2 5 h 3
O, FAEOE VD, BWIIKOREBTIRERIC
WERL T, RAMOFPERME Y i O,
AR RTICESZ L2 RHLE. CnEE
&, MR TO O, FREDER, ThZho
b o Hb 0EWIX 5 X Vidte L5, £ Hb o
BrI T3 RMERNBREDOEIC X % L OREE
HERE LT\ 5. [FfRRER, BR, #hn
1%, Fhlsticd McCarthy3Dic & - THRES
nTvws. Ebicens, Allen 503, BBIR
YA AR & RRA ¥ IR % 3Ll /MR 3k Ui
Wyszkicky, MED O, FHEhHREEL
—HTrz ek RML, LEHRE SO IHkE
mbDE Lic. 2047 R 7= Schrueffer
5%, Prystowsky 5®0ffsEr b b, Lk

O L —BT AEENZ bR,
STKRICEEE 5501, WiLco O, #ifn
PIZEE b7 & T RIMBRANBRE R T 0 A
B, LWHZ L ThB. ZHETII, Z0k)
BETF & UCRFmERER T, SrFFi v
2, REBHAKEESRD, JRifl 2k Py Base Excess
BLUOHFF VBEIDD ERHTEA T3
3, AT B CHER R b D L ik E X HEv.
E7 L0ERF LD LERY, g,
LRI I B RMBRO TR RME (RicHk
MmERKEE, RMIRERELE) & O @ikl o
FEZRTHE D H 52D, WHEHEOEEY
BRIEovWTik, RALZHLEB R k.
Z{ &L, Benesch 51035 X ¢t Chanutin &
BYOBFZE & o) L 72 - T, in situ (FRifEk
W) 2B 5 Hb o O, BfnsRgHEF & L
T, ChPCEBEEZBUB L5tk » 7= DPG
i, DEOREE2E2 5 LCEELFERI Y &
BEz25XokBbh3s. #lziE, Bauer 590
BRARIC X DL, AR ORMED Mk 2
bh B0tk ER (pH=172, 31°C T2
h2Eh Py=31.0mmHg ¥ X ¢ 24.3 mmHg),
WM-FATIC X D E&HERT 3 B (Fhiz Py=
19.7 mmHg), = hicEBEREE O DPG %%
FTHZLILEY, BETLEIKRES VS (%
nEN Psp=294 mmHg 35 X ¢ 22.4 mmig).
—7%, e bEBEHRED ATP iiFincis,
Foh EHBREFRIZEVE VS, %= Tyuma
540 1%, Benesch & D FiEY CEHBERLE
HEBRvicHiik Hb A 35 X 0 Hb F %k ic >
<, DPG, ATP ol Hb o424 0. 8
DR T2 b b3 2L, ERETORER
HbF TIVEETH 3, ZL2HEL TV
5. DIEFRZE L 3, DPG & O, Sfniig FIE
ekt 2 BEZHER, 2 < & b BT
HbF <, HbA Kb L X W /hEVZ e ERL
T332, ThPIFMERAKLD S Hb izowt
DU TIHEZDNE I OEFEZ R\,
#iE Engel 5203 X 18 Papadopoulos &17
X o> TIT b hiciFZeik, FRERPNESAIRE
VRO b EEEREEIC, ANBHRELERZ
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¥R, HBICIEBEBWICEILYEDZHED

RAZILE v, BREEEICERT 2DPG

BEOHRYE, YFmKo O, Bkl o
EHILOT, VTN OGEKTORRS, <
EOLEEMICEMKIC DS TEESLLYT L
FHLMICLTYS. &5icDuch®ix, JRIR
P LU 2 — FERZHNL, 23°Cic
12hr J28 L7254, Wi & bRfnEkA DPG
KT &dkic O, @fntko#k R+ &, DPG
DIETEPRAMLTE VEETHZThrb D
¥, O BAHEOHMAN L VERATHEZ L&
BERELTVE. 20z 2id, BiRRETAL
hiz DPG ZRic X » T, WikEicHbh3
O, BfEOENRTHPT X 5 2 LEFL TV
B. REEDEETAREZLE, DEOERT
b, ABEC LBREHIC, £ ORSRTE
DD 5 b OMEM S RNk E FHvTv 5
HThB. Hiz Engel 52, Duc 5 i
4, Bt (phosphoglycerinaldehyde dehy-
drogenase) [RZEHIL LT3 — FEERE VT
VWBR, F— FEiE—RcEESH o7 v
MEBREEL LTEL 2 BHVONTERE LD T
HoT, Thicka{EEHNRHb 477, 5
WL E DR IERAERRE IR Ziddl & v 5 R
Rz v, —J5E7, Hb o SH BfiofkE,
Z DO, VHEHRRIc R B (2 O, 8fn
PEDWEER) OET B Z LIZAmnEE TIN0),
DR, BRBELOREMEREL T 3.

SEIOER TR, EFERLKEH, 6K
WOWMELSIBE LEZT THE1 5, BRI
Ebic, in situ ©o» DPG HEZBH &M ICL
ebDL LTHETE S, Lied - TR E
FRNME %% O, HFE0EL, MEO Lo
Hb o DPG ZHnEIC Y 3R KTHS L
Eibh3. iEL, ThEFPE—DEREET
HBEPEPL, FREACEERTIZLNTE
zv>. DPG ghB oz ov Tk, ZBAH
EZbEBEZRCE, TOREERIZ, DPG
& Hb L ofRE, WA BERSM &
RABZLEHENPELD THBEID, = pFk
»5, Hb A ik, HbF o DPG 333

HEBMERRC LV IEREEDI LK
BRTE DS, FEid e BA B OBREICE T
B,

DPG/Hb /<1 OBE, WK TAH DK
248 O, IRV, FIRRSGMET oei e
RH SR VEE, B L UBIRRE TR DPG
Dk %, HbA 2302 -T HbF  vigw
O, BRMEZFRT 0 I, £MLTIRZ D Thdro
ez &, %, DPG LA OREER Bz 35k
MERNERERE, pH %) 0ZBCE3b0T
HHHY, TOERCHOVCTRBEES bicKhS
FThB.

V. & #

FRYRI & A MR C A BB O, Bt D
ZI2wT, AR L.

1. pH63 XV 7% ViR Tk, BRIEIASE
ICHRRAMLE VB O, BFtEZ b2, 2hi Y
ERPERICIX, Z OBMRSHE T 5. BRMT
pH 6.15 £}5Ficd 5, Bohr ZhEphigio v — 2
REBIE NI T 6,50~ BB L. TAh Y
14 Bohr ZIBR oK & £1%, AT AlOg Pso/
4pH=—048, f{IR T —0.50 & k&E v (pH
6.9~7.6). 3 Bohr ZhRi%, WLk L 855
BB b, pH7.40 [THIE Lie Py I3,
FRAfLD 26913 mmHg icstL, MBIRMT
1% 22003 mmHg Th o72. Fh~LEHE
fRRORER, pH BERR <, Mikc—%
L7 (n=28+0.1) %>Rk L.

2. Yk 2w ToRERE, WIKRET
DEIEHE L.

3. 38°C WmEick b, mRAlL, MRt
0 O, s EF+ 5. LaL, Bohr %)
ROBE, ~LMHEEIERORE IZEILAH
bz,

4. FE xR, 38°C ITHRHE L 2c Wi ic ov
T, FRILERA 2, 3-diphosphoglycerate (DPG)
BERLIV O, #ifE2HE L. BBz
O, ifntk bH- &, DPG BEEEIKT & oficid,
SATRIR RS bz, DPG YRR T Iz
5 O, BIMMEHAOEE X, BRMLOFEIH
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L, BAMLTCE VEHICAH B,

5. ¥fsz AL, B il < o DPG &
(Packed Cell 1ml % 7= 9) & 4.89+1.04
pmoles, 4.3940.67 ymoles & HBREZEEIR
El.

6. UL EDRER» S, FAM-IEYEME i &
bhd O, FitEnE X, HESEHEIILL,
DPG iz & 5 O, #AEE TR ICH L TRV R
FEboz bickd iR L.

(RFR3 D KT A A S PATER A TR W T
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Effects of cyproheptadine on the rat lateral and ventromedial
hypothalamus Yutaka Oomura, Taketoshi Ono, Mutsuyuki SUGIMORI,
and Tsutomu NAKAMURA (Department of Physiology, Faculty of Medicine, Kanazawa
University, Kanazawa)

In order to clarify the physiological actions of cyproheptadine hydrochloride (Cyp) which
is known clinically to stimulate the appetite and a sequent increase in body weight, acute
and chronic experiments were carried out. In acute experiment, changes in single neuronal
activity in the lateral area (LH) and ventromedial nucleus (VMH) in the rat hypothalamus
by electrosmotic applications of Cyp and glucose or electrophoretic applications of Na and
Cl were studied by means of multibarreled electrodes.

1. The amount of Cyp released at different charge magnitudes (currentx time) trans-
mitted across the pipette filled with #C-Cyp solution was significantly larger at negative
(inward current) than at positve (outward current) and the relationship was lineal ; 3.5 x
10712 mole/1/107¢ coul.

2. About 60% of the VMH neurons were reduced in firing frequency by Cyp. Most of
them were increased in the frequency by glucose instead. The least effective amount of Cyp
was 6.4 x 1073 mole/].

3. About 70% of the LH neurons were increased in the frequency by Cyp. However,
most of them were inhibited by glucose.

4. The above neurons had a specific Cyp or glucose sensitive membrane, since the effect
began with a characteristic Jong latency and ceased with a long lasting time and the
applications of Na or Cl were not effective, indicating not the osmosensitive neuron.

5. The activity of the Cyp sensitive neurons was modulated by single stimulations of
either the basolateral amygdaloid nucleus or the stria terminalis. The stimulation facilitated
the VMH neurons and inhibited the LH ones.

6. Thalamic neurons were never influenced by Cyp, glucose, Na or Cl.

7. It was concluded that the glucosensitive VMH neurons which participate in the
satiety mechanism and are supported by the facilitatory input from the amygdala are
inhibited by Cyp, while the glucosensitive LH neurons which participate in the feeding
mechanism and are modulated by the inhibitory input from the amygdala are facilitated
by Cyp.

8. In chronic experiments, young rats (35 days after birth) significantly increased in the
amount of food intake and body weight by Cyp (0.5~1.5 mg/kg/day) compared with the
control group. Thus, it was also concluded that Cyp brought about an acceleration of the
neuronal activity in the LH. (J. Physiol. Soc. Japan (1971) 33, 193-205)

key words——single unit discharges, lateral hypothalamic area, effect of cyproheptadine,
ventromedial hypothamic nucleus, glucosensitive neuron.

Hite b= vBXOHE AZ I VERRES (Lavenstein 1, Naranjo?, Drash &3,
L LTH@Dh TV RERY AT e~T Y Idelshon®, Kofman 7 %%, Puentes 7z %9,
v cyproheptadine («=V 7 7+, Cyp) 236 Pototschnig & Serafini?). = OFFEEH 52
RECRHRTTE 2 R = L, BAR, KEBX TiEvH, HETHREFEEL T2 0T
VHEROENE EeT 2 e BRESh T 3 EivwhrrELD h T %5 (Pototschnig %

: Serafini).
(WAFN454:8 J1 3 B - Chakrabarty &® BB L AL X =




194 HWEEY A Tr~T 2T VvDT v FRRTEHIMIE 3 X CENIR 3 515

zowTCyp iz Lok, $7b % Cyp
PEASHET S L RKEAEOHEME & bt
ETEHEATR (LH) Rk o3RIg & SHEE o3
PR Bz L ERBD. = Ok EOBIZE)
BARmEEEE, 4 Jva—-20B T ibb,
Fhva—2fBoRSE—HRLTws LiERmL
7z.

bhbhiz & &, v MUKRTE LH &
faEth AR (VMH) vt vz — Vst =
2—n VYOFEE FEH L %z (Oomura 59),
FLTHERITEL BN TV 2ERHFHGO S
Jv o — R Eh (Marshall 510, Mayer 8 X O
MarshalllD) ic £ b F S 3L E 5 2 e, ARE
BRicis T Cypd HiRHgFF & BIREIC 5 5729,
phbhiECypBLHB L OVMH= 2 —w i
FOX5IEET A D, LS va—RRER
Moo —u T aEEIIE ORI E
Bdiewic, EECypei—=—u viciE
LCTERY TR o7, L TLHB X VMH
2T Cyp BZM= o —r v RBEOh T
BENOEIRE SN I va —AEZE= 2 —n
VChHZ ERHHAL, Cyp ofaiBEERIC
R ILY 52 52 LR TE K. £z, RkEZ
HERO/AES (MR (AL) & ar5t4 ST)
AR EECEFZ LT 5 (Oomura 5
%), JNEp22), Qomura 52) 33, Cyp BZMH=
a—n VIiICxY B RIMEOEH b RIRsICEE L
7. &bic, REB I T8 E~D Cyp DfF
RAVBELE. &5 RYFET vy MEBV
T, BREBROWALEEEME &L, [
R ICHRER TR D IE B THEIR BB 2 R T EER
PBBRT A LR TER.

[. 7 &

AL SPEEER

9 LDAE 180~200g » Wister BR 465%
Sy MERCE. ©—FVERERT (RIECE
R E B2 5 LRBRIN R TIEE) K
W bl S BRI B S AR TER
BT o7, BEREMEMLEEER CEER,
FEEFLEAA F U v T 0.8x05cm BT

L, BRZERERCEIA L CHREEEHL
To. TR QLR MEE & 15 < e, BB
R EUHEETREMNEEEC Ringer X% 2~
3mm PEXTE B o . BOBRHREK
37°C icHER Lz,

BUNEM : 58N T AMNERRIZ S AROT T
AEME (N, 04mm ¢ Pyrex tube) &7z
FhTEETES & ¥ 2t WHINERERNS
@B 5 5 viRER) 2ACTER L
(Tasaki 512, ki), >LicHFEOE (Ta-
saki &%) 2k Y Zh b 5EN T AWNERBIT
KAk E oW, BB~ VR TEEHCT

C ZOFEAER B L, BxORREEBR

Lie. Lo mAEmici: 4M/1 NaCl z,
AEO 4 ROBBICIZ RO E Db T 5 14.6
mM/1 cyproheptadine hydrochloride (Cyp),
pH 5.5~6, 0.2M/1 NaCl, 2 M/l monosodium-
I-glutamate (NaOH <=L pH 8) 38 X 1f0.4
mM/1 » NaCl #&# 04M 7 4 22 — A%
. EARLHE FIRT 30~100 B Al i /BB L,
2 ~ £COKEICRTE Lic. BMmIuHmE 12 2L
T, L BEEE de T 20~100 MQ, ¥
7 BE Oy BB Z ik 10 MQ BLE
DHOE .

SOAk LR : BN T AMUNEME & RO
HEmE, Konig » Klippel’ ofHiEIc
L7edio TENEN B OEAICHIA L. #
ok VMH (A, 4.62;L, 0503 H, —2.4~
—3.2) BL U LH(A, 4.62;L, 150; H, —2.0~
—34) THfI=o—wm VIEFERHE L. £z
SR L UCHEKN = = — v v (Thalamus vent-
ralis, VMH % 5\ ix LH o 2mm )
DIEEZ TG Lie. FEEmX AL (A, 411;
L, 3.80; H, —3.30) » AL » 5 LH ~o#if]
‘e LTo ST (A, 4.38;L, 3.50;H, +0.70)
~ZENERBIA L. L 0iEe A B Fein
ODEKEHE L BB TE 5B HEIESR I
L, FELUICHE—= o —v rOMINEE)
ENOE, WERT T VEL YRR —FT
BET D LARCT— ¥ va—F —THRT —
TN LT, FRGRRF D HIBEE AR ESL 3
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msec k Liz. F—& —{BIZRTIEAVR
Iy v~ (KFHY) 2HVEY, 7404
CEERE LT, BAKEOEREMHE, DI,
B 4 Kicob 7B pF, Na, Cl B
glutamate iz +& 2V iz —OBFH L BRRICHE L
TEREKIWICE — = o — v VI NS Lz,
CypB XU/ va—23Migcksbic—, #
HT+0BREz BB ENhEL TERE
BEMCERE L (K1) EyhbRABEcs
% B BT EBRER D b Lz (R 51D).

Fig. 1. Schematic representation of the experi-
mental procedure. Single unit discharges in the
LH, VMH or thalamus are recorded by the central
pipette of the five barreled electrode. By the current
passed through other 4 pipettes which contrain
cyproheptadine (Cyp) NaCl, glucose or Na gluta-

. mate solutions respectively. Cyp, or glucose is
applied to the neuron by electrosmosis and Na,
Cl or glutamate is by electrophoresis. Bipolar
stimulating electrodes are located in basolateral
amygdaloid nucleus (AL) and stria terminalis (ST).
I: a device which can supply a constant current
even though the electrode resistance changes during
a current passing. Arrow in the circle : monitoring
of applied currents.

TOERBREBZAVAIZILICLY, B
LTV 5 b REBERAEL L TH 2 E M
BLT, Shic—E0ERERTZ & R TE
5. BYOMEL 52 - BREOLOOFHFED
izt Curtis & Koizumil®), Oomura £19
BXOKFL®@ criteria iz Loz,
BRI 21T 5 e IERERAEEE D
5 0.1 msec RGO & BLO AR B IZ P
HPAFTHLTwA FRIZEZXH5ICLTEH
Ale. T OBMEEE OAFH25S— T (FHR04

mm) DEFAT VIV AAF—NVT, NERE
Z01mm NDRT YV VAAF—VEF ANVHRT
b5, SMEORSOFERZ A ER 02mm b
0.15 mm k%1 2% L, M oo
02mm Th 5.

YA T e~Fy P OBRIBBERNKH - £
Bics &2y, BREBEENCHE S Cyp
BiE x 2 BRELOBREM 5 2o MC-
cyproheptadine (**C-Cyp, Merck Sharp and
Dohme Research Lab., Division of Merck
and Co., Inc.,, Rahway, N. J.,, U.S. A) #H
Wie, 15mg/ 198 uc » “C-Cyp % 2ml 0K
WAKIZE» Lz, Z005ml icEERE 1xH1l o
BEEhEz, Thbb “C-Cyp 3ERET
v DT cyproheptadine hydrochloride )
BFFCEERIEELFLERCLZ X I
L. ZOWE 2l H 7 AM/NEmI % 15
mM/1 NaCl j iz At (JE4 2.5 cm alminium
plancette) &k & ¥ O I B & ¥ L “C-Cyp
R &7, Plancette 1 NaCl f#x i
B X g%, windowless gass flow counter
TUC KL L. “C-Cyp DB HIZ
Bib - TR UKD bR B8R AR 2 b 21T
LT - 1z,

BRI AEOL O R 2RO ALHERS - EBRIKT
TR AR ABBALIC IR CBBTAR D & &
B L Ol 5mA T 15sec [EREEL
Ty, BRETICERERESED. LHE
WOTFLITIE Z h & FINLE BRI R BN &
FIALCRBEOBELITR o7z, WAL TI0%
i< ) ) TR TEEL, BE&20~
30 p OEHHFEIR BERL, = v XAV RE
LT, SFBBORARIMOMERE 1T - 7c
(Oomura &),

B. EAEB I UHEORIE

AMERE RO 7 v M6PLiz2 v T Cyp
BEHOBRE, KEHEN, BIOTEICBX
FETEE o THE L. 205 BI04
#35H D{AE 100+ 5g DL DR, HL 6
PLiZA1860H n{EE 170~200g Th -7z,

SENRER 20+ 3°C, {BEEIZ50+10%1c72 %
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oz, T v MEIELF 2> 20cmx15cmx15
cm ORI HEL, BRPSERRELE
BOWMERITR 7. CypogEH Y w v 7F10
B, 05~15mg/kg ((K&E)/H ixd X 5ic
HEbKic 2 TREASE L. 21T Cyp #
L EEHOLBEZITS o1k,

I. #5 R

A, AiEER

1. Cyp oBRBEBERHM
BRCERBREMT I LR L > THIHEN
2 HC-CypBid, BEEVSERCKRTHIE

o
[

BTH ol (KA, Oomura 59). Kff 519
Lk Be S va—2 3 5 x 1072 M/ coul
T¥% Y, transport number (% 0.53C%H - 2.

Transport number @ %3 iz-ovT Cyp i
BFERIT NI —AOR2METHBILEEL
NERHTESZ L 5 Th 5. BB -TiX
Cypofianim vz bbb -7 d’, ZOHMH
EHLRTRY. BREBENICE—=2—n
VICEERE L Cyp 7 v a — 2, b3
WIZEBKEKEECEE L Na, Cl % v i
glutamate OEhEIL, BB OHEE OMERIC
L VAN CEROEN D D0 L 5 THIE

Electro - osmotic release of cyproheptadine (amole)

1 I 1
10 20 30 40

Y

Charge passed through pipette (ucoul)

Fig. 2. Electrosmotic release of Cyp. Lineal
relationship between the amount (n"mole) of 4C-J
Cyp released out of the Cyp pipette at different
negative charges (¢ coul) applied to the pipette ;
in this cass 3.5x 10722 mole/107¢ coul.

BWRPACEVAME, BIXOESE VimE
V\f;h,@jir?ﬂ DFE T background ML EoA
BEowEnssbhlk, L L—IRiCHE X Bt
DOFPBBIC T LTERIERT 20T, #
BB bl NmEEREER L. K23
M7 16T H 52, FREcERE (¢ coul) %,
itz Cyp & (n Mole) 27 RLTw3. =h
26, 35x1072M/pcoul Bk b, EHIC
transport number % (M/coul)x 96500=0.33
M/coul & 75 oz, a2 —RDEEITIE, N
EQMECTLOFROBEETS, Sva—2X
DB TH -2, AMEDHFRLVE

Fig. 3. LH neuron. Effects of Cyp and glucose.
Continuous recording from upper to lower. Upper
records : Before Cyp application, no spontaneous
discharges. Cyp was applied at —70nA (during
the length of upper Bar), the unit discharges in-
creased in frequency with a latency of 3sec. The
after effect continued for about 19sec. Middle
records : Spontaneous discharges were so few that
glutamate, nonspecific stimulant, was applied at
—70nA. During the increase in frequency by
glutamate glucose was applied at —70 nA (dotted
line). Glucose reduced discharge frequency with a
latency of about 1.9sec. Lower records : By the
glucose current off the discharge returned to the
rate caused by glutamate with an after effect of
glucose for about 2sec. By glutamate current off
the spontaneous discharges returned to the original
rate,
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L.

2. LH =42 —wu vizowT
HERR R I HEER & e LH #3410 1548
D=a—nu v bEFBEMRELTE
L, zo&flic Cyp 2HE L. 0
5BI0ED = o — v VKB OB B
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LH

WM

Cyp ~W0nA

Chloride — 70 nA

b, SHD=2—r VITTEHTH - T et e—
fo. L LREOWD B 2601 1@ —_
LRHTZ L3 c&Ehrolk (E1) Fig. 4. LH neuron, continuous record from Fig. 3.

Tva— 2 OEERUMNESICE o TH
BHEEORB VR ERT IVa—2FR =
a—wrl, BEEELRCKELTHRE
BEOHEME &y BEERF=x—n
VEDY, FIERER, BERHKIC
BiEF 5 L&z 5h3 (Oomura 59)
L7z 5T Cyp, Fva—x, Nap
Cl okt 5 SO EBEN: %
BIEEL. HBICRT LI, BEALE
HBEAREOZ DN TV V=2 —n
vz, Cyp B#Es» > —70nA © Cyp &
BET 5L, K13sec DOWIFTHAKE
WCERALENE &2 L, Cypihiki
#19sec DHHFEEZEL T 5 (oL
B). HEKTH = a—n v CEHBOEVC
Lk, BRRSEE = o —w VL OFERE
whbEad, zhiVb=a—nrzHE
WY Y ECMEICOBRER T 2 T
iz k%5 (Yamamoto r OomurazDd) L3
z2bhd. >ERCypRE/YE LI
% glutamate ZEfE)» & —70nA ¢ gluta-
mate & 5.z 7z (S04% ). Glutamate i
Za—w il LIFRRNRERR -
b o0 (Oomura 519) HERENE

Discharge per sec

To examine a current effect, Cl was applied at —70nA
(dotted line) after the application of Cyp at the same
current intensity (continuous line). The latter increased
discahrge rate but not the former.

Slvtamats ~ 1003k Gyp = 100w Glvtamats — 1000k
e+ 70ak 1 AL Stin
[ —

i
Wiee

Fig. 5. Effects of Cyp and a repetitive stimulation
(0.8 Hz, for 26 sec) of the AL on a glucose sensitive LH
neuron. Left : Unit discharges increased nonspecifically
by glutamate (—100nA continuous line). Discharge rate
was 6.516.4 Hz. The increase in frequency was inhibited
by glucose (+70nA), 3.5+£32Hz. The after effect of
glucose continued for a considerable period. Middle :
After complete recovery in discharge rate to the original
level, Cyp was applied (—100nA). With a latency of 1
sec discharge rate remarkably increased. After effect of
Cyp lasted for about 2sec after Cyp off. Right : During
facilitation of discharge due to glutamate (—100nA)
(33.446.7 Hz, for first 7sec), AL stimulation reduced the
discharge rate to 12.2:+4.4 Hz. After cease of AL stimula-
tion the frequency returned to 27.840.5 Haz.

ZoTwd. ZOEBPRICIVE — R BB, L
—70nA A a—2pEEST 5 L 1.9sec
DERETHICHBEOBIPEE > T 5 (Gl
TE). Shva— 25 R PIET B L 2sec D
BROFEFEL T, glutamate ic X % HOEHEH
MHEH HohT v 5. Glutamate 5% Hik
T 5 20 sec DIBBTHRERENE L A Y H
bR vwEFIOREBCEEL T3 (40—

ZLORE). £7, CypBEIUOS vz —z0%)
BRIy OBEBRMERICL 20T -
T, RAEBROZE L PEHEY L5 =2
—n VERBEOBBELRCEI D b0 TRVE
LERRTREDIC, B3 LE—=a—n T4
DEBREITIR o7, T7bb Cyp & —70nA
TEHAEES L, RV FEREICH 1sec DEER
THREBHEENERICHENL, B#EEHIELTD



198 BEEY A e~ 20 vD Ty FRIKTEIMUL 3 X ONE N 3 B7EH

H1l sec BT OBRPIR LR LT3, Th
DERE Db OOHR TRV LREREEY
zeabbE2 5. NaClEp b —T70nA %
BELILOPTORGETH 32, REEMIE
RAEShEV., £ Clicksd=ua—u VEF
EOEEE LRI X o THEEE R LTV A
v, ®5 i, B0 = 2 —u v CHREREE R
(Bl < B[, At 1sec 2L A o)
PHINOEYHRERL TS, RECRT
X5 CHERENEE EVO T F §° gluta-
mate (—100 nA) GHEMEE TV BEHRICT NV
a2—2 (+70nA) EHEEZZLICE 5T,
ZFOREEORA R &7 LT 5. Glutamate
BRI &€ T 518 sec [l OIFEE136.516.4 Hz
(R L ERFEZE), SV —2{ERW 17 sec [
OFEER 35+32Hz ThB., Srva—2PPR

Table 1. Number and type of responses of
VMH, LH and thalamus neurons to cyproheptadine,
glucose, Na, Cl and glutamate applications and to
repetitive stimulations of basolateral amygdaloid
and stria terminalis. 1, discharge rate increased ;
}, discharge rate decreased ; no, no effect.

. Glucose Sodium [Chloride 61t AL ST
Cyproheptadine |, g4 £ om0 |+ +no{+ sno e

+ 10 3 3 3 3 3 1 2 2
0

LK
(15)

yMi

(10) + 6 4 2 4 3 3 5 21

no 3 * 2
+ 0
0

no 12 6 6 3 3 2

Thalamus
(12}

G RIEE LAY R RV Ty, 2 &,
glutamate FEEiOHEE 0~ 1Hz cRIELL
# Cyp (—100nA) 2#E5+5 &, #Hlsec
B CERARKEREOEME &2 L, D20
sec [OBEEW 19.2+68Hz ¢H 5. HEHIE
XV 2sec DBRFROBEEL TV 5.
AL 33X ST HiggiR :LH =2 — »n
%, AL 2 5WHIEO AN ERT TV BH, %
OBy >y TAED b D TH Y ST &
HLTw3 (2, Oomura 52). Cyp TiE
B2 shs=a—wu 38 AL &5 ST
ORI L v IS B2 8D pERE L.

5 nAIRT X9 Cyp #514%, RO
ErEELz=a—8 viconT, glutamate
(—100nA) THEEEY FHS®TRE, AL
% 8V ¢ 08Hz »KEMB L. :m&igluta-
mate iz X 3HEHHE OEIMCIHE OZE 2R

L7z. i b b AL HIBEILERT 7sec o
glutamate Iz & 3 BHEL 334+6.7THz Th
%75, AL Hl o 26 sec 12.2--4.4 Hz & 3%
HLTvsb. ALfEHIRIc XD, %7 gluta-
mate 2 X ZREHEEOHMMBKEZ v, gluta-
mate #E.H1 0 10sec R EIEREEX27.84+8.5Hz
L oTws. o2 AL #iic & - < LH
Za—uiExtl, &\ 10 msec Py EPSP
LExhicEE L 100 msec @ IPSP 23tz 32
T (NEF2D, Oomura 2)) = ¢ ) 5 758k L
TR BB AR T b SRR AL ol
BIMEA»P BT ths. Cyp TSR
Je=a—m o\ T 24l AL o RERE
#, R0 24cSToRERE (0.8Hz, 5
V) 2475 o te TS IHIZIR 2R Uie (&
1)

BiE:LH =a—w vick+ 284« %R %
FLHEbOEFLIRITRL TV 5. MHRSH
iRz —u vt Cyp T=ao—n U7E
HORESNZIED S S, 6=a—nrico
WTTNa—2A0HRERB L, 3HIRIEE
NI3FIRENETH -7, Ek Cyp 0&EST
Holeb=a—m H2FNC T IV o — X THEE)
DREEEINDZDOED o728, Zofhik Na o
FREZ TR CDOTRBE LF G Cle0n
EOhzoEB o> THLM TS Z LET
&2\, Cyp ORESIR BIRE R I BBE O
BEIL b0z kiR, CypeaiEod
sfe=a—uv3flicog Napsvix Cl o
BEICL o TERETDHS Z L > SHETH
5. %7 Cyp ¥R Tholc=a—m vidd
~C AL 8X U ST ol el s T 5.
zhbnz s Cyp BEZM=a~n i,
LH oiEfiiEics+ % principal = . —=
vThBLELBNB.

3, VMH =4 —w vigonT
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Hiz & o T 6 fEicEH s BeEIH »8lE
Ehic. Oz Y 3EkERALOEER
DB oTeh, 1FRHEEOEMNE
Ble (F&1). o Lk ClE T L RER
DEEMERILZ LD, BT b HBO%
BbEzR0hEhdhvEs9. K6
wRT E5ic, Cypibai20Hz o g
BREEZ LTS 2 —R LEDnT
Cyp ERric +50nA %##y 11sec BFEL
T Cyp 2527, Tiboibbid
ZoTwixv. LiL —50nA ¢ Cyp
% 5% % L 300 msec DEkETREREIK
HEBE ST 5. Cypigsz
Pk 3 LR L RITRE O 300 msec
DHBHFEHR L TREHOHE ICEEL
T3 (RBES). — oEERSIZ
Cyp # —30nA T#ET3L, b¥n
SR B0 T —50nA To
CypBEDHEA & & -7 L I HFHK
BEMEIL T2 (FBROEH). Fikic
—20nA T LEBRHIFARICRELIZ W
349 500 msec T HFHE O HIHIANE =
> T3 (TEROEHE). &bERER
#—15nAicL<Cypkzsdl, 5
PRI 5 sec &7 D BB ER R A
bh, &L EBKBEOWHEEL
TR TERDP o (RTFRDTHE).
F IR b RTR OB EH I LTy
Pofe. TDX57k Cyp #EICX5H
HBPBEOERZBOINEZL, BELLE
WMEDLDOOEETHEL, YOI
Bifyii=a—w VABOBREE LA X

v b BRSO 3 X ORE N B @ 33 % FEIT) 199

VYMH Cyp + 50nA

Cyp — 20mA

1sec

Fig. 6. Cyp effect on a VMH neuron, continuous
recording from upper to lower. Upper records : Spon-
taneous unit discharges did not change in frequency by
Cyp application at +50 nA (dotted line) but disappeared
by —50nA (continuous line). Middle and lower records :
Effect of Cyp at —30, —20 and —15nA. —15nA affected
slightly on the spontaneous discharges with a prolonged
latency of about 5 sec.

VMH

A o

Cyp —15nA

B e

Cyp +150A

e A A R

Sodium + 15nA
M

v Chloride ~15nA

A A L
e

]

isec

Fig. 7. VMH neuron. Cyp reduced spontaneous dis-
charges at —15nA but not +15nA. Na (415nA) and
Cl (—15nA) have no effect, indicating the specific Cyp
effect and neither current nor osmotic effect.

DHDTHAV. ZHBIZDOWTIRROER
LLHETHS. Blo=a—w rTlb 3B
TIRTXO5EH 2Hz O FBKEEL LT
38eic, —156nA © Cyp #EfsE 5L
RrTBRECid v R, HEBHEEPBO LESI
THATEREITHHEI SIS £ TH5sec o
Tv5 (LBEOREE). =2 CHfES0BER+15
nA ©Cyp 21EHES¥2 L, EHRETH .

bz, NaCl 0BBICE, 2 VM BE
¥L<T Na # +15nA GIEFS¥TY, 5
Wizo3wT —15nA LT Cl ##EL<T
DESETH o7z,

Cyp®» VMH = o — v izt 2 Wi
B 8 ORESRE AR (B, ; ReRE, ftdh; 1sec
BOAL VAVAE) AHLHLATHS. Th
tRl~=a—m vicowT Cyp % +50nA ¢



200 EBY A Tr~T 20Ty PR TESMAL 3 X CIENEIRCH T 51/

—50nA, +30nA r —30nA, +20nA »—20
NAB LU +15nA » —15nA 2 ERBEER
P LCEBMIER S ¥, ZoREDER
BERBIVZOL EOERELFERICRDIZb DT
b5, ZO=a2—urTHED, DEYIME
BEEMRERLL A 2EVAREEECCyp
X BB ERER AL LT v B, —50
nA 25 —20nA FTRERESD TP LA SIE
KELRY, BHRIHCEL E-TBR,

—15nA CRESEMEBZ LN VL, B
LDBEA M 1sec PARADIZH b sec b 7%
5TV, EF +50nA CEHD & & D 11 sec

Discharge per sec

2, BELzhix Cyp o=a—u EEA~
DEBIC I HPFETEEVIHEELONS.

Cyp #5590 VMH =5 —r» Vi OBEE
WEIIH —15nA ©, BRI 5sec Th 5.
HEEINTYEA VALV ZDREEZ SR 1
mV U ETh B0 5, LEMNERE =o—n
VEDBERRIKRE L RAE - TH10um TH 5.
Cyp @ 38°C 12 B J »WBEIERZSTE»S
Curtis 520z L 72N> CEE L T 0.64%x10°°
cm?/sec »z bivs. Transport number
2R E 51033 M/coul THB. Zh
bofEE b Lz L Curtis 20 FEIZ LD
=a— v VIERE T OREREZFET
5L, B2ITRT L 9 ik 6.4x1072M/1
Lird.

9iiF—=a~—u vcCyp, sz
~ 2, Cl, B X0 AL fil O3hH & Bigs
LzbDThs. ThbbHEoO 11 sec
5.6:£08 Hz o g3k E» Cyp B
5—T0nAcCypa&Et+sL, K6,
TRIVBIRLIZEEEH T A v

Fig. 8.

B OB 202435Hz 5 5. —50nA
THRERZECHE sz 0iRE P iE# 21 sec
Rlicix 20.6+3.7Hz LEE LT3, +30nA
TRFOFEREFNFN 1644+23H2TH Y,

—30nA THFKEEE&CHEIEh T, Pk
#154+51Hz icEE LT 5. +20nA 08
A131644+2.8 Hz2 —20 nA G0k 524
HShiens, PIET1244+26 Hz icEE LT
w5, +15nA T 126+24Hz ¢H Y, —15
nA itk o CEH 8.9+5.6 Hz izjgid Lz s,

kg 129457 Hz B LTV 5. Z0—BE
OBERBRTRECHBHEE B LTV 5

VMH neuron. Cyp was effective by applica-
tions of negative currents. +50 and —50nA, thick con-
tinuous line ; +30 and —30nA, thin continuous line ;
420 and —20nA, dotted line; +15 and —15 nA (broken
line). At the arrow applied current was switched from
positive to negative. The length of the lines indicate the
duration of the applied currents. At —15nA, the dis-

_ charge rate reduced to 8.9+5.6 from 12.6+2.4 Hz. -

», =0 17sec [Blic 28+1.6Hz L&
B L (). #E5piktk 7sec LL
LOBCEBREORMREHRT LT,
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223Hz L7rofe. Jva—REERIETHI
sec OHEIREFHL T 56+1.8Hz IEELT
Vw5, Ebic AL E RIET 5 & R EEE X
AL FEETOEEICEL 12V, Z0%k 9sec [
OWEE 3.2+15Hz LEBIIET L. 22
T2~3G5B5Tcic RNV a—REF & +70
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Table 2.
on the VMH neuron
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Fig. 9.
the AL on a glucose sensitive VMH neuron. Most left :
Cyp reduced the rate of spontaneous discharges with a
latency of about 3sec. Before, 5.6+0.8 Hz. During the
application 2.8+1.6 Hz. After the current off 4.1+1.5Hz,
the after effect lasted for several sec. Middle left;
repetitive stimulation of the AL (8 V, 0.8 Hz) brought a
slight facilitation, 4.9-4-1.9 Hz. During stimulation a glucose
application at +70nA increased the discharge rate re-
markably with a latency of about 2 sec. After cessation
of the AL stimulation, 3.241.5 Hz. Middle right : Glucose
alone at +70nA. Less increase in discharge rate was
probably due to no background facilitation by the AL
stimulation. Right : No effect of a Cl application (—70
nA), indicating neither current nor osmotic effect by Cyp
and glucose.
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Fig. 10. No effect of Cyp, glucose and Cl on the
thalamic neuron. Continuous recording from upper to
lower. Cyp at —70nA (continuous line), Cl at —70nA
(dotted line) and glucose at +70nA (dotted line) are
applied successively.
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Fig. 11. Increases in food and water intake (right)
and body weight (left) of a rat (100 g, age 35days) by
Cyp-syrap (mixed in water) (0.5 mg/kg body weight/day)
(filled circles). Control rat (open circles).
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A simple and accurate apparatus for measuring the
volume of large gas sample

Keizo SHIRAKI, Masaharu OHNAKA, and Isaburo SHIRAT*

Department of Nutrition, School of Medicine, Tokushima University, Tokushima, Japan

The volume of gas collected in a Douglas
bag is usually measured by expelling the
gas through a gasmeter at a constant flow
rate, by applying a steady pressure by
hand. When the bag is nearly empty, itis
layed on the ground and rolled up tightly
from the bottom to expell the gas comple-
tely (1). The danger in this procedure is
that the gas may not be expelled completely
and that if not, the amount remaining is
not the same in each test. Thus, suppose
that 0.5 liter of gas is left in the bag, as
is frequently the case with an unskillful
technician, the Vo, or V¢o, will differ by 0.5

AC IO0V
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S

HIGH VACUUM PUMP GASOMETER

Fig.1. Apparatus for measuring gas volume from
a Douglas bag.

MANOMETER
WITH ELECTRODES

I THERMOME TER

DOUGLAS BAG

to 1.09, from the true value, depending on
whether the sample was taken during
exercise (50~100 /min) or rest (60~1001/10
min). Moreover this method is troublesome
and time consuming to do by hand. Thus
even though a series of gas samples can be
collected in a relatively short period, for
measuring the changes of energy cost dur-
ing exercise, measurement of gas volume
in the Douglas bag may be delayed and

*EAKREZ, KhBiE, BFFREER - R K
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even be inaccurate because of this volume-
tric estimation.

Accordingly we developed a more rapid
and accurate method, using a simple and
automatic apparatus to measure the volume
of gas in a Douglas bag. Diagrams of the
apparatus, cosisting of a gasmeter (wet type,
Shinagawa Seisakusho Co., Tokyo, Japan), a
high vacuum pump (for pumping ca. 20
liters of gas per min.), and a water mano-
meter are shown in Fig. 1 and 2. Two
copper electrodes are inserted into the
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Fig. 2. Schematic diagram.

manometer which contains 1 M NaCl solu-
tion as an electric conductor. Mercury may
be used in place of NaCl solution but the
latter is a sufficiently good conductor for
the purpose and is more sensitive -to
changes in gas pressure. A solenoid switch
(Ratchet relay, Type MR 2, Tateishi Elect-
ronic Co., Kyoto, Japan) is placed between
the power supply (A. C. 100 volts) and the
vacuum pump, and this automatically swi-
tches off the vacuum pump when the gas
has been evacuated from the Douglas bag.
The NaCl solution in the manometer is



Table 1.

No. of experiment

Difference from
true value (liters)
mean + S. D.

207

Comparison of the results of the two methods

Negative pressure at the
end of measurement
(mm Hz0) mean + S. D.

This apparatus 12
Manual technique 12

adjusted so that it touches the electrode at
a pressure of —80mm H,0. When this
copper-NaCl circuit in the manometer is
connected to a system by a negative pres-
sure produced by the vacum pump at the
end of measurement, the relay acts to keep
the vacuum pump turned off until the next
bag has been connected to the apparatus.
The hand switch is used to start the next
measurement. A well trained technician
could roll the bag up to give a pressure of
—80 to —100mm H,0. Using this apparatus
the negative pressure in the bag and the
amount of gas remaining in the bag, if any,
are constant. This means that a series of
bags are subjected to constant conditions
during the estimation, and that after the
measurements the bag is ready to be used
for collecting the next gas sample. Moreover
the pressure and flow rate through the gas
meter are constant so that the volumetric
measurement is very accurate, since the
gas meter can be calibrated under the

-0.08+0.16
—0.11+0.19

83.2+1.9
111.8+13.6

same conditions.

In order to make the calibration of the
volumetric accuracy of this apparatus, cer-
tain volumes of gas (50 to 52 liters) were
transferred from a calibrated respirometer
to the Douglas bag, and then volumes of
the gas in the bag were measured through
the apparatus. All measurements were
made in the strictly temperature controlled
room (24°C). The comparison of the results
obtained both by this apparatus and by
the ordinary manual method is shown in
Table 1, which demonstrates that the error
of measurement and the variation of the
negative at the end of measurment by this
apparatus are considerably less than those
by the manual method.

Reference
1) Consolazio, C. F., Johnson, R. E. & Pecora, L. J.
(1963) Physiological Measurements of Metabolic
Function in Man. New York, McGraw-Hill Book
Co., 16-21

key words—Douglas bag, gas volume, volumetric estmation, constant pressure, constant flow rate.
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Group la acceleration following ‘stimulation of the
ventral roots during gallamine administration

Saburo HOMMA* and Yasuhiko TAMAT**

* Department of Physiology, School of Medicine, Chiba University, Chiba
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Many authors have investigated afferent
discharges from the primary ending ac-
celerated during stimulation of y efferent
fibers. Leksell (1945) reported selective
stimulation of the y efferent fibers by
blocking most of the large motor nerves
by mechanical pressure or by polarizing
of constant current for the nerve trunk
and suggested efferent innervation of the
intrafusal fibers in the muscle spindle.
Hunt and Kuffler (1951) stimulated function-
ally single y efferent fiber isolated at the
distal cut end of the ventral root and
succeeded in increasing discharge rate of
the relevant dorsal root afferents. Henatsch
and Schulte (1958) reported that Flaxedil
(Gallamine) and some other endplate blok-
ing agents caused full paralysis of extrafu-
-sal motor endplates even during some
presence of intrafusal neuromuscular in-
nervation in the frog. Granit, Homma and
Matthews (1959) referred briefly to the
same phenomenon .in cats. Takano (1964)
also investigated some intrafusal muscle
activities during and after Flaxedil admini-
stration.

The dorsal rootlets of L7 were separated
until functionally isolated single filaments
originating from the primary ending of
gastrocnemius were obtained. Distal cut
ends of the L7-Sl ventral roots were
stimulated by ten times muscle contraction
threshold. Each upper trace of Fig. 1 shows
Ta discharges from gastrocnemius primary
endings and each lower one isometric con-
traction curve of the gastrocnemius. Before
Flaxedil injection, as seen in the uppermost
records, pause and eventual acceleration of
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Ta discharges were obtained during tetanic
contraction elicited by ventral root stimu-
lation. After Flaxedil, the muscle tension
decreased rapidly and became zero at 1.5
minute and afferent discharges showed still
a short pause caused by weak extrafusal

‘muscle contraction. But the pause completely

disappeared at 2minute and only slight
increase of afferent discharges was obser-
ved during ventral roots stimulation. The
discharge pattern changed thereafter as the
further blocking action of Flaxedil deve-
loped. The higher frequency discharge
which appeared at the early phase of the
stimulation disappeared at 6 minute. How-
ever, the lower frequency discharge which
showed sustained activity decreased pro-
gressively until complete disappearance at
11 minute. After that time, any effects of
the ventral roots stimulation could not be
observed. Recovery can be seen by the
short pause between spontaneous Ia dischar-
ges at 18 minute and, afterwards, by the
slight contraction with considerably long
pause at 42 minute. At 105 minute, the con-
traction almost recovered but there was
still no effects of the ventral roots stimula-
tion on the Ia discharge acceleration.

It has been suggested that the Ia dis-
charge reflects contractile properties of two
different kinds of intrafusal muscle fibers
(nuclear bag fiber and nuclear chain fiber)
because of the anatomical difference in the
neural innervation. Boyd (1962) suggested
that nuclear bag fibers would be of the
fast property, while the nuclear chain fibers
being of slow one. Takano (1964) also
reported that the blocking effect of Flaxedil
occured earlier on tibialis anterior (fast
muscle) than soleus (slow muscle). From
these observations, it is assumed that the
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Upper trace:Ia discharges before and after Flaxedil injection (4 mg/kg); Lower

trace : isometric contraction curves of gastrocnemius extended 4 mm from the initial length
of 10 gwt resting tension. Dotted line (0.5 sec) : duration of the ventral roots stimulation (50

Hz rectangular pulses).

two kinds of the intrafusal muscle fibers
are influenced differently by Flaxedil injec-
tion as in the case of the extrafusal muscle.
On the other hand, Crowe and Matthews
(1964) indicated that most of their results
would be explained if contraction in the
nuclear bag fibers were slower in com-
parison to that of the nuclear chain fibers.
Anyhow, Jansen and Matthews (1961) repor-
ted roughly two different types of efferent
fibers which produced two components,
dynamic and static. Later, Barker (1966)
and Boyd et al. (1966) suggested that these
intrafusal fibers, the nuclear bag and the
nuclear chain fibers, had different kinds of
endplates and networks respectively. These
observations described above can be also
explained by the different effects of Flaxedil
of the two kinds of endings of the intra-
fusal muscle fiber. The higher frequency
discharge which appeared at early phase
of ventral root stimulation and vanished

early as seen in Fig. 1, is injtiated by the
contraction of nuclear bag fiber and the
lower frequency discharge which appeard
at later phase sustained for the longer
period and vanished later, is initiated by
the contraction of nuclear chain fiber.
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An analysis of the effects of muscle afferents on the
contralateral temporal and masseterlc motoneuron

Taizo HAMADA, Mitsuru TAKATA and Yojiro KAWAMURA*

Department of Oral Physiology, Denial School; Osaka University, Osaka,

Japan

Masticatory muscles do function bilater-
ally, more or less, during chewing. More
delicate functional interrelations in right
and left muscles may exist in mandibular
muscles than in the limb muscles. Regard-
ing relationships between right and. left
masticatory muscles, Kawamura et al. (1960)
D reported that discharges of the right
trigeminal motor nucleus induced by stre-
tch of the right masseter were inhibited
by stretch of the left masseter, and vice
versa. Dale Smith et al. (1967)2 reported a
bilateral projection of a mandibular muscle
afferents into the trigeminal mesencephalic
nuclei. However, detailed neurophysiologic
mechanisms which control and co-ordinate
activities of the right and left mandibular
muscles are almost unknown. The present
report deals mostly with the effects of
muscle afferents on the contralateral tem-
poral and masseteric motoneuron.

Decerebrated and decerebellated cats
inmobilized by flaxedil were used. A test
stimulus was applied to the left trigeminal
mesencephalic nucleus, and the antidromic-
evoked potential conducting along muscle
afferents and the orthodromic-evoked po-
tential via the trigeminal motoneurons

were recorded from the ipsilateral tem--

poral or masseteric nerve®4.

When the low-voltage conditioning stimulus
(6 V, 0.1 ms) was applied to the contralateral
temporal nerve prior to the test stimulus,
the amplitude of orthodromic-evoked po-
tential of the temporal nerve induced by
the test stimulus to mesencephalic trige-
minal nucleus was altered depending on
the interval between conditioning and test

*MERS, WA F, FRNTETHS : KRAS
S A
{Received for publication September 19, 1970)

stimuli. In the masseteric nerve, the same
experimental steps as mentioned in the
temporal nerve were employed. The ma-
gnitude of the monosynaptic response was
decreased when the interval of stimuli
was within 50 ms, as shown in Fig. 1 (A1,
A 2), and the maximal depression (A1) of
the temporal monosynaptic reflex appeared
when it was within the range of 10~20
ms. In the case of masseteric nerve stimu-
lation; the maximal depression (A 2) of the
masseteric monosynaptic reflex was oftai-

ned between 20~30 ms.

After intravenous injection of strychnine
(0.1mg/kg), the above mentioned depression
(A1, A2) of the monosynaptic response
disappeared, but showed a biphasic change
of facilitation (B 1, B 2) followed by depres-
sion (C1, C2). In the strychnized cat, the
maximal facilitation (B 1) was obtained when
interval between conditioning and test
stimuli was within the range of 20~30
ms, and the depression (C 1) followed last-
ing for 200ms or more in the temporal
nerve. On the other hand, the peak of
facilitation (B 2) was obtained in the mas-
seteric nerve, when the interval of stimuli
was in the range of 30~40ms. In both
temporal and masseteric nerves, it was
noted that the time to the maximal depres-
sion (A1, A2) was 10 ms earlier than that
of the facilitation (B 1, B2). Moreover, the
effect of stimulus to the contralateral tem-
poral afferents on the temporal motoneuron
was more powerful than the effect of
stimulus to the contralateral masseteric
afferents on the masseteric motoneuron.

Kidokoro et al. (1968)> and Kawamura et
al. (1969 reported that the masseteric
motoneuron was inhibited by electrical
stimulation of the ligual nerve, and they
also mentjoned that there are two different
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Effects of stimulation of contralateral temporal nerve on the temporal monosynaptic

reflex (upper) and effects of stimulation of contralateral masseteric nerve on the masseteric
monosynaptic reflex (lower) before (O) and after (@) administration of strychnine (0.1 mg/
kg i. v.). abscissa ; interval between conditioning and test stimuli, ordinate ; percentage
facilitation or depression of the monosynaptic reflex.

phases of inhibition, that is the early and
late stages. The same effects were obtained
on the reflex activity of the temporal or
masseteric motoneuron when either ipsila-
teral or contralateral lingual nerve was
stimulated. In both cases, inhibitions of
the early and late stages appeared. We
assume that the late inhibition corresponds
to the late depression after strychnine
injection as mentioned above (C1, C 2). The
depression after strychnine (C1, C2) may
be due to the release from the inhibition
to the inhibitory reflex pathway.
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FRIEREBRRRIBES

H R

B O RHKREERE
# O WULRE—B, PEHED

. BREOGEE L Y H/-BEIEERBE
¥ Wk GER, &, £H)
ERWRCEEIC 2 5 Ly Y 4 = Bt

% transverse D. C. field 1w X » CTHlg ¥ % &,
I A8 RS LT cathodal side % PIffl
LU TBRIE RS, FgRHOERE &b
LSS ERT 2 L5k s. Th
1% cathodal side 35T - FoURAEASEH & 3t
¢ anodal side ~MEHETHDEFEZDND. T
D# 2 ERESHT CHkEHEE D. C. field ©
REPE % 0> 2 TR L7 S W ORI OMERP b
AXFENG.

IRHED transverse S ~DZEHEEZ X HIciFEL L
FRBI0, HEERECD TR 7 AME
R L TR R DR S B % local
activation 3 (Huxley & Taylor, 1958) i X b JaFT
IEOEBZBEMA T wBE L. FEREOHS
B X 2R X < a bt 5 X 5 R T
boh, BYEFEERK I XV EBLVINERR
L, RS &L £ » T RE~NERL T
. MokELZ SO L TR LeLIEDRE
MRS T B X 5icin . T OB E 3R
ELIC s Z BB E R ERE THERE 2
Miez »CiRC Z % T 5. EREEIRERT

1 ~%em/sec TH5HTZ LHBEIESN. T OfE

BV kEMEN D transverse tubule T{T&EH D%
BEOTLBR T BT LETETS. 7 =10
i oW TRBRERE L VR LR T A%
Mz [ TR 2 Bhiz.

B = UGReHES  linearly rising current ’C*ﬁlJ
B LUBRAE & AHBEDCBR 2 & 5 &,
Ringer & CREIERAE DR WHEE T b 7‘:

Y —s2TH B, & Ca hTREREL Y accom-
modation #7373, Z D Ca ROMRILED
caffeine X VINFIZNBDT, 2T THDBNLD
accommodation /3T EE D8R & /Nad B D
Ca gl PR@ERITR Z ABEKLEZL N 5.

2, Bi&E5D Active State

HEFN454E 3 H27H (&) PM.1:30~5:00
— IR

fm%h(Mfﬁk,@,%iéﬂ)
HDOHEE TN E L TRDBMA b OV
#, EFEAESR, THHEEROZER» LKL

CBHDTHBY, BEHELEE L TRMREREZ®

25k, HREBEESN FQ) LIEEEE v iTX
T HEEVEET) Bo) EBBNETHD. 0 F()
MFEVL active state & IFENTWiebDTH 5.
WESREENOFRRE PO & T5L
P(t)=F®)—B () '
MBKDID. v=0 DL X B)=0 THH, TOD
L% P=F r#x<Xx\. Ritchie (1954) V Xz D
E N CEHIBEOED v=0 DRERDBL
Lz kb active state DOR@% 5k » 7z. Ritchie
DOFHEETHE & ORI % active state &
RDTHD &, B—RE 2 FH L TED
B kX nES DY, B—FlE Tl active
state IEAEIGELTVWRWVWEE X BILS.

T LIHEBRD F) Zkdbicdicid Bl)
ZekodmiFEE biswv. zhit P=f() (B
HERR) »Oo BT AN ERDBTL
NTE, P,—f() 2L Txbhd. 2R P
BRIEHNTH S, LT HTEHERE v IEFHLE
Hm#E (SEC) DHEINLEEFITIENIR DKV
5, SEC o % () LFhiE v=dz/dt TH
5. 1T «(t) 13 P—v B4R (SEC AT « i
BE®R) 2852 5h TwhiE, BgshicRkh
Pit) »BEBIKDHLLNTES.

#rz.7 SEC © P—x Rz xDHETEKD
THDE, BRRENCHTHHMOBRHBEONS %
ThHY, SFERCEVERELRDT ESbro
7=, T OMEGRE AW T active state DLF@E A
{Z L T % 7. %7 Ebashi & Endo (1968)
D x5 pCa LR & OBREF W, active
state ST 51K pCa OB{LE HEE T & e,

3. ‘Glycerol effect’ and ‘after-glycerol
effect’ (T-disruption) in muscle cell

mEmpnE, KM B (FLIREX, #H—£H)

HEFEGIE B W Thhvbhs L L e



‘glycerol effect’ VX 2BDBZRH» BV Lo (Na-
ture : 192, 1159 (1961)). —> Vi 3k 28 @ ‘glycerol
effect’ ChH v, Fhiiiy 400mM @ glycerol %
fnz 7z Ringer (F75b% 1D hypertonic 75¥k)
WA =)L sartorius ZiEE &, twitch fEN—HIFE
LABAT B (22 2T XL ABNhTES) D,
R 258> &, action potential PEEDHD 5
REBHDVIFREELE L2 LT CEET 5,
WS 0TH B bH5—0K FEECHD
‘after-glycerol effect’ ¢H b, zhiik, ‘glycerol
effect’ (fkzk) OIRRBIC $ 5 #5’% normal Ringer
iz 5o &, 1 twitch FEMBFEHE B3
BTELECHRLTT S, LWwibDTHS. T
DIRBRICH BHHVE caffeine-contracture % 35 2%
5, X-contracture 23z X7\,

U EOBRROEA DRI, glycerol LLHEL;D
hicix, ATP ORETBIFETRNSVERD
LEEPIT, LA DR VEVWER (leak Eifi2E)
DBLIBMTIST 5D 08B B L VWIEETH -
7o. COBRBREARLERRCEWR T 5%
(F72%h synapse & H\ 5 REREMGHILHE;
b, ZOROEHIT glycerol DF OV TRHE
REBETRRD, Wi eaRTLoEbh
2. BT, £OEADFEMDE 2 13biochemical
3 B\ biophysical 751 F.55 glycerol & %\ i
non-electrolyte & (T-system, SR %&%s) &
OEREBERT 52 L OUREETE L CELE
wwHkSL.

Urea %3 ‘glycerol effect’ (3£88) X 5 0% % %
DHERPTTRALNTESM, bhbh ik urea
MX Sz ‘after-glycerol effect’ & 7 URFEOZHE
BEOF R I = AERBCHCRRAE L. 2
%1, ‘glycerol effect’ (K3, ¥ /xb b T-dis-
ruption (T3K) %45 13 non-electrolyte D& %
O DIILBRBRTH D LV HHILRD.

#iff, Eisenberg 51X ‘after-glycerol effect’ @
KB H 5 =/LFRIGE IR L, 2ok
Bz T-system BSREE L T\ 5 (T-disrup-
ted muscle) z & %EEH L7 (Science : 158, 1700
(1969)). Urea it X 5BELOVWTCOINETLD
NIZEEHR (fber B BELLCE £ h
72) 11 T-disruption ZRUTELVE, Xdic
BLEE O, BRAEHEENHESL E L E 2
5.
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‘Glycerol effect’ (J53&) V37 =L EHHLUINC
HREERG TH b, # =L (BREDH)
= A FEE (B) cidbbbhiwvy. kb
%, = oeffect OFEFVE T-system & 1% 25 &
%. ¥, Hodgkin ¥igo B 3t L T, T-dis-
ruption @ﬁ%ﬁﬁzﬂcob*T@.—ﬁ%, TixdbbH ‘pene-
trate |7 non-electrolyte ¢ transient 7%/
BBEESHRC X PEEE k.

4. Ca't A7 vz kD HH\iRlkhs b D Ca Mgk
#=E K CGEX, B, ¥ .
Adrian, Chandler & Hodgkin (1969) V3 554
& BWHERIERLWE (Ca) WEiED # 4 ik
regenerative 7EEBHBHZ L E2R L. bbb
NHBROBHEEZ AV 72 E B T, MaE» S0
Ca WFEEISEREIZ 1T regenerative I H D, +
D—2DFEFRE LT Catt 44 vHRE S ww/hatk
o0 CaFriEc otz RELE

B = VBB iekEs 5 4mM Mg ATP,
4mM GEDTA %47 K-Ringer ¥t T4 D
WoO—-HEREAWOM;EE > 5. Bz 4C
LRERITIRDE, HE ST A CEHNZEHL
7. N D Ca kI ORERE T 5 I
FSH DS HE Lic. Ca lflaigs X &
T IRE R N 7B E D Catt 24 TodE CIMELL
TEWNaKE Ca 2L b g, RO Ca il
EREPITRSLBTES. '
LR 50 xM GEDTA 74 F ¢ 02mM
BT = A VEERIE 5 &, Calflic X 5IH
MB—iliiciEe v, BH5~205 o TcLhs
ERWRETS. 20& ZDOEHDK S X3k
HEDKER S DR IBIRABICA B Z L B R LT
W5, 20 EpBEEAL Ca dEbsa s 517
LDEROFEEE X . S
Ca m+4/Makic t D 2 & ¥ #ELROMBHET
BT =4V 2nMBEETR Catt % 1078 M i
106 M (2 mM GEDTA Ca** {2 R ) iC L1F
5L Ca fFiic X 5 —EHINMEPET 5. O
HOHL/MAEKIZE -7 Ca BPEIBEDH 7 =
4 VTESEISETCHNS &, 10°M LBlod &
DEBRFE T Ca BHHL, WP I T ORET
Ca YRR o m Z L BERT X 5. H T =1
v 5mM T Tk 107M o Ca*t (4~8
mM GEDTA #Ef#k) < Ca BB 5. -
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? Ca ORBEMOBFELEBEVWESKCLIRS T
EBTES. WEE Mgt 1 & vid Ca R IH]
L, MU Caiigziic o X VRIEED Ca

FIBELEBEFRRRES

B B HEMMSE6 A6HE (L)
SR

WO BEEASES
B % RREE, KRR

1. 5 v 5 BIHEERE Tyrode FEFERICL
2 secretin, pancreozymin 3 U acetylcho.
line © amylase RVEFHDBE
EWEE, WERES WEes BE OB
K, HREE, 4:3) ‘
HATR A AREEEHBET B WG bhvbi
(R55F, FREE) 17 v 7B BEIRERERETC
B) % R C Bl S iRk OfR e N E AL 2
nﬂﬁ Uik &4 L f=. Pancreozymin (Pz),
secretin (Sc) ¥ X8 ACh RwihdbiBaEshE
ZHObL, =LIMSTHEMSEREBHRGT
X »C Pz a3 HERGMERE 2 THS S
LHEE L.
SEVEALRH & & TR O amylase
(Am) ZEELCEMNELEL 5L OBERZHRAN
fr. Iy FHREEPLOBBEOKEIE D T &
(0.5 ml/hr FBE) 7n DT, HBETiEBL 2D
L 7o B OIS 2~ D DI E & BEWE & DIRE
FHREKEERRL, £0HO Am #% Smith & Roe
B X - TERE L. BIRED D OERE 120
mmHg ¢ 5 % Dextran B jip Tyrode REEF
RARHE KRV 3 ml/10 min CIEAPETRE
X DEENIIN20SBNIT L EE o7z, Am BIE
i 0.5~ 3 U/min O CTABA R EBZTT
73, Pz (Boots) 5 U/ml AT RIRIE 3.63+
0.4 U/min (9 {HDFAF £S.E) 55 1141+1.1
U/min 2K L7z (P<0.001). Pz © Am &b
513 05~1.0U/ml DQIEETHED b N .
Sc (Boots) & Am HWMEREET 53Tt
OHRIIEETS Pz (W1/4 B) OERC X530
T Sc £DH DN Am FERZ disvw &k
#5#! Sc (Eisai) Ti% 0.5~ 5U/m] Of%5#4<
Am SR EH oI o T & B
fuiz. ACh 1075 M-+eserine 1074 M & 73 ih%hR

-

HUREES, BLED Ca itttk »C, Cajli
BEHHE O regenerative I B & HAET 5 2 L8 T
% 5.

EHLbXErote. TOX S Hiblmiao
WRESIR E Am GIBEIER LT LR E W
5 kAR e 2 7.

7 v 7R BEREREAE Pz © Am SUME
AZEERIRECHREORVEARTH .

2, BETH=9OYDIR hO¥yRISHIC
BTDIHFREMICONT

AKgRiE (MR R, B, B—4Hm)

C AR I OHKRTHONAEERE O S (POM

& POSC), it Tz (NAH), =ik (ARC)
AL rFVERER X D HRMEEEZ S
®BH=v e VvBIHEETSH K 1968, 1969). =
NOORIGORRETET 5 o0MEL T oV
THETD.

B SNSRI B D= A + rY VI
W HREN= Y v VORISEONE 5 r2TED
i, LE#HEO2HO=2=y oW TH
ZENBEFRCRH L2 A e VEREL
7o. 22#D==v DS BITHOD ==y FIEW
CELARSETR L. Tihbb POSC, POM
TEFEREFNS LI NT==v }, NAH, ARC ¢
FnEnlla=y PEOWTZDE S RS L
Bz, POSC (1#l), POM (2#), ARC (1#1)
COWTHR—HND 2 2=y } TEWICREKx S
FIishBs iz, BODSHIE2=2=v F LH[F
HHOREER L.

?Tkﬁibfﬁfbizbn&/_ﬂ?5ﬁ
BNLERIETHHPE S pRED S, £F
BWHE /L5 a1 F (cortison acetate, J575#1%5),
U EFR\WT estradiol-17 8 ZVWihvd 5 pg #4:
Lid &Df—==y POFREHREEEZFA
oo WRlez=o U (OR) RIOCHEE=LF
a4 FICESLEVWA=R b e Vi U TR



Lic=2=v v ¥ ($F) & % £h POSC ¢
4/5, NAH ¢1/4, ARC T1/3Choo7-. BE
INFaf FEFEL, =R MrF VG LR
VW= FEwk NAH ©1/4, ARC ©¢2/3Th
2. WTFhOAFrA FRBRGELEV= =y
FEETT3 2=y b HoTedS, WHDATRA
FeRiST 52=y Ml otz
DEOEEPSF X IORETHICIE=A b r
7RSO R = v v VISFEL, TORIG
B R ey ViCERNTHHZ EBHELNTH
5., FlT TG Lic=A F v X Ytk 5K
B ZDE 5= evDdDTHD T LHERE
b,

3. FFIER IC & [} DIRABAROME—HTHE

Bilokinase ®¥EBtEICDOINT

KE G (BX B, B4

HEEE, ABIC#W (v, 4%, vy
DIBFENEH iz plasminogen Z{EMALT HEF
REERL (19640, KWTA RB IR HFDH
B X 0 COBECRTFERBBLC, BET0
SR & B 521 L C bilokinase & @417z
(1969, i

AEEIAFHE (bile fistula) % o 7o A R X —
B BT N AR K — O FIEREAS v
<, MAHEEE & bilokinase & & DFERE % 38
sk L, sodium taurocholate $&5.5% bilokinase o
JBHFPA~OHBZERE & 5HEERZEHEL 20
T, bilokinase O IEEEEE IOV TCETD
HEEmal.

1. Bile fistula% {2 » 72~ A A & — Tlsodium
taurocholate DIXEIC X » T, BEHDHEIIZI50
%¥Ehn (P<0.05) U, MEHFH® bilokinase j%#:ix
ZHEFTLTRB0% ML 7z (P<0.01). L7z2s
- C bilokinase @ output /ZEE & p ik L 7.

2. Hf I R AR v E B T,
sodium taurocholate DL L - CHTC X5
o ongin (P<0.01) 35 X O bilokinase 7%
o EF (P<0.01) B2R.5hic. T.C#540fH
e OKEHEIRERY, RERCH LR gm
(P<0.01) BE. 5N .

3. FEHAFISERRAR O 4k &, bilokinase
TEHE, AR ERIRES AT B secretin % 5.0 f
B ICHERYE, sodium taurocholate Y5 L

2 215

FC & 5w 5wgosE (P<0.05) 2339 bh
7. La»L, B.K{EMR X CHIBHERRE X
ZHLiE B ST, control DR E R L Tdh » .

4. LI RO X D, bilokinase DfAFfHI~D
H B, sodium taurocholate w{k - Cifds X hu
LZEBEASHTHS. ZOBKE, BHSMITHE
WCE7s 5 washout effect & 1R Xt g V.
Sodium taurocholate I vasoactive effect % #%7-
72\ C, bilokinase kRS U T3 iEER
MR OB S vwi o L Bbhs,

1) K3 i (1964) 3B3[E 75 % 3 VLS.
Med. Digest. 73C, 1

2) Oshiba, S., Hata, S. & Okamoto, S. (1969)
Jap. J. Physiol. 19, 212

4 RGO BERBICONT F2H

WEARDRK, HEA& Z, NFHEE GRRIEEA,
R, #i—:ER)

WEELIHNE O Y Vo K R 2 b3 e
BAICE D WED o TRITH 5552 DR
R A L, 1969FBAREIF AP LE L
AYEHAR R OMEEE F, 43F mechanosensitive &
whh T 3 {lfgEEoR, 1O 4 vickk
& h DB Y, £ receptor X Kt OfFfEC X
> THHBRRIRI ST BRERSEINT 5 2 L 25
Rl7. bhvbhix&X bicag, 7=, B7-
v A H =)L (Xenopus) ZFHWTERE 778 -
i, VA LFRREREZ AL, Thbb, 24,
7R LEOBA A Vi X VE X h 5.
Konishi, Zotterman ¢ = 4 [ JEPIBRE 52 D&KL &
RET 5L, bhbhORRITED CRIREDE
R UTSERD Y, hicis, AOKRELR T
EMEL LAV 1/800M KCl T 5% 0t
HFETS. T LTLEORGE 2MOBA 4 vk X
%, tetrodotoxin X » THIZ bhb T & 2 FHiE
FBU7-. XenopusiZB\WTd 1HDOBA A vickt
LT aERROBERE 272, 2{l0BA 4 v
CoWTi, AELERFRRE- T T
bbb, LEDOBA 4 vOERZ2ML5RKIIRY
5%, LB 2MEDBA A v Ak E
> TSEETTHRENR bR, Fictetrodotoxin
BENLDAF Vick - T ERIhISE 2
ZHWVWE ST, O EFBKIEN L THh 5.

X 5T xenopus VIBRHE O Na-glutamate
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TG D TEIRE THISEEIR L, liverextract iT
WL Th, impulse 35 4 I L C saturate § 5.
chidkesic BB liver 2 BiF Af7zi¢ xenopus
BLIESATALAEL XS Wik @b iz
BLYTHITBIZHIAT 2 DCMEER V.
k% X OF xenopus DOIFEESVT external taste
LIESEIRSE LR, TO external taste it X -
THROELEBRRL, TOELTTHIETE
5% 5T 5 LIkic, RNOHBENFRE
D, TOBMHBECBLRVE ST, NHBHE
DEREEEEODITHIL- TS EEPIE. T
OB S HIRERZED TV 5.

5. T 1 DEl#5E, Lorenzini’s ampulla (235
(T3 receptor 3L U generator potential

INEFBVE (&RK, [E, $5°4:38), Bennett, M.
V. L. (Albert Einstein Coll. Med.)

k& @ Lorenzini’s ampulla 37 Bim§
BEWE L L OFBED ampulla s X G OEFEF
BT 5% X VR BHOBRERTHS. BaD
ST 5 T BRI S TW B2, AHFFE Tk
D5 b, TOBKEEECOWTLOBEZH
Rz, EECEE D LR R v 0B
2~3 a7 REEERALEHICEE LT
ampulla OREZ Bic. k> bOFRBSKICIT
Mo# 7 AERER V.

Rt B E Ic X ¥ ampulla KRB KRS
R BT - C2IEEORIEBIEHSNS. ZDa
% receptor spike VIEE £V »SE mV ov <
AT all-or-none % S 5 DEBIEAAR
DORST, Eiv: 20~30mV B L% O3
zf13 %) 50 msec ‘Cd 5. Receptor oscillation 13
BEORMMER d5bh, FERLHENT5 L
EEECIRT 2B 20~30/sec OIRBIEERLT
B5. chbiidticampulla Tho L HRELE
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