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(G. Kato, Theory of decrementless conduction in
narcotised region of nerve, chapter V, 1924)
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Effects of luteinizing hormone and oxytocin upon hypothalamic
unit activity in female cat

Hideo Saito (Second Department of Physiology, Yokohama Cit y University School of Medicine)

The influence of the increase of concentration of blood LH or oxytocin on firing activity
of the hypothalamic neurones in estrous cat was studied in comparison to anestrous cat.

1. The spectrum of firing shifted to higher frequency in estrus than in anestrus in the
neurones of lateral hypothalamic area and to lower frequency in the ventromedial hypotha-
lamic nucleus and anterior hypothalamic area.

2. In most neurones the regression coefficient between the mean and the standard deviation
of firing interval, varied between 1.0 and 1.4. In the neurones responsive to the change in
blood LH or oxytocin, there were showing stationary variation along the slope of the
regression line, while there were some showing a tendency toward nonstationary variation

after administration of LH or oxytocin.

3. In some anterior hypothalamic neurones, the firing became more frequent and more
nonstationary after oxytocin administration in anestrus, but in estrus the rate did not show

the change.

4. After the LH injection, the firing activity of the ventromedial nucleus became less
frequent. But in some neurones in this nucleus, the change in standard deviation and in the

mean was more marked.

Thus the existence of hypothalamic neurones was confirmed which is driven into discharge
activity only when the blood oxytocin or LH is above.a certain level. A short feedback loop
may be hypothetized in which these neurones acts on the neurones of final common pathway
for oxytocin or LH release differentially at estrus and at anestrus.
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I. EBRAHELHMH

EETRE 2.0~35kg OUPEAEH Ui akE
Bk = A0 & BV T AT 75 o 7. EEMTERRH
3 ~ 4 FERIENCAT I - 7. BRERZ TR O &
T—F R, BETEHXY v ORFED
DOFEEIT, FREPEEE 6 REELL PR L7,
gallamine triethiodide (Flaxedil) #5112 X% 58)
PIABED TIATIR o 7e- _

Mo LR, EREMW O BEHE & MATEUNGE

MEEEB CEE TS IS &b, ATHRO
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WEITE - 2. W THEBFEEBICE 1om

FHONRE B, BERERRLEYHERE

BB K CHEIRE L BER T ORI eBE - 1C.
Fi, MIREICLAMOBELBE 2 5DE
T L ERERIICER X D ANRE DT, R
OB B 1E S T2,
FEEESEPEREN 37°C UEEFEALLYS
HEREER —F — ChRYk.

MR D 72 @ 1 X HTEEE I BUREERE

i, WEICFEONEEmE /NLE &8 L THRHA
WCHIA L, AR EAKE (Bio ribase, 2t
AR CEREEEL, OERIEmE S
VHE LT

BRTE A Y v v ORESE L b2 2HUh
TR, A7 L admey (No 0 FHESR
LA AR 1 e BE I 2 IEEMHE
BEL, #HibE =—ARHEEE (nsul-X) o
RLzbDEBERLZ.

2R3 X 72 BEHHES)IE pushpull cathode follo-
wer preamplifier (MZ-3B, HARER) CHbilE
L, &5bicsMk-vEisst RM-150, AA
B iR L, BTN, WRRMR LU
DB ERCE DR A 7 R EFL L OBHEIC
LTS T~ 7 iciesk (SOR-803, HANE
#lg 7213 TC-250A, Sony #) Uiz, %7z, A

234 7 J&FL dualbeam oscilloscope (VC-6, H
ANEH) CHEL .

TR OMEATICiE  on-line computer (ATAC
501-20, HAGREM) 7z & CNCREEAME D&
BIUCHEN L. ,

EERK T, BROMERERE, MNERIC
6 pA CL0Fp~ 1 5318 L7244, potassium fero-
cyanide & potassium fericyanide {E&S¥EK &5
SEER L VR L, R Tl0%F < U VAR
THEME U748, MMEPTE DBMEIC & v 50u ik

CHIRIC LT o RTERML &2 .

AEBC A LA e i, LH3U (Ar
mour Hi),. $ X ¥ oxytocin 0.3 U (Synotocinon,
sandoz, 7 b = S WEEER) &M c. Ei,
estradiol benzoate % T<ICEMLIzb D%
BT 0.08mg k2 HEE L, BERELZE
HE L.

M. = B & #

A. B, JERERHC KT BRERTARHLAO
9 a Y OREFBMECDONT
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BAEECE - TH—R 7 v v ORKEEER

CF B DR, AR P LVR, VOB

ACTH # 12 UoHREAx DKL E VREIET O
B DHED AT v AR, FeEsSLVE
VRIS BT B Btk & LT oRIRTER
vow ok, ABEAREPDES P TS TH
59.

77 TARFEBR TR, REMELR = 2 24kFfERE T
< estrogen 0.08 mg % 2 [@], FFANICESL,
BT 1524 7o v L 33RERICE bRV RIEAT
&, Tib bAVEEERITIC X B L, RE
TEIRL LNz TZ OB OEETH R Y v
CORFFEHEREROLO L L, EFBENE
DLOFEIEREL LT, K17 e U BEFORA
A 27 %5 300 72> L100O(EIc 853 5 iefli s B, -
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ZLT2M4AfHOBE T A Y v 2 D T
AR T, REPRIRE TR, JMARRE TR
BT, FOEEE0~2, 2~4, 4~6,
6~8, 8~10, 10p/s L EichiF, Thbo
EIREZ BT Lie. TORE, —RICHEKT
HWrvU e o OREEEZ, 2p/s, TOWREIC
DEHENRDEL, K35% (2T45]H11214)
BR LTz,

F7z, 30p/s U FOEHEED b DX, HRE
BHEFEE OB CIMURK T TL 3 %LLF (95
R 2 4)) TH 57z

—7, BEB X OIERERIC BT 2 IHEE
2w THD &, FERER, AR TH T3
TEIFICIES, 2p/s DITOEEEDO L ONDbT
P L, 4~ 6p/s DIRBBIZBITT S DN
BE Sz, Lo L 10p/s LLEOEHEED L
DIZOWTH, EEAERRHRDL R 5
7z.
ERBIHRR TR I8 WTik, 2p/s BLF O
BRICH D EAMIEIES0%LI L& L, 10p/s L
Eoboirdie. 2T, BERDTHICHE
FEIERFICHE AT, BEHEE X X7 b7 L OEH
AL 2 e, IKEHEBEINEMH TH 5 x =i
BT, ZOIATEE, PEINCRRICBGRR
LENTVB A, ZoEgdom, S
VAV ORI X ) BEHRE LS TS5 2T R

VIRELSFET D9, BIER I OIRRERIC

B EREEEORILRBEOIT, KEHHE
ART bT A ECBDRECZ L RELBND
(Fig. 1).

SMARRER FRAC IV T, BTER O RE N BIBER
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B p60% P E (0FIHSSH) A bz, Z L
TEk, BERCBVCTSENERE T L
T, FERERICH N TRIEERANY T A
DEFRE~DOBITRAH bR,

WK THE AV v o OFREHHE R, Lol
FAE, FREL I RMICEY ASWIc e
NB 2, —FHERNERMIC B 5 AERE
1k, Bl 3EEE VL OBRicsiR LT RS
BEOoEBT53 7 v v b EET 5.
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Fig. 1. Histogram showing resting firing fre-
quencies of sample population of neurones in va-
rious portions of the hypothalamus recorded from
castrated female cats immobilized with guallamine.
The number in the parentheses indicates the size
of the sample. Note that during estrus the spectrum
of firing shifted to the lower frequency in the
neurones of ventromedial hypothalamic nucleus
(VMH), while in the lateral hypothalamic area
(LHA) and anterior hypothalamic area (AHA) ne-
urones the peak shifted to the higher frequency.

Table 1 ,
' AHA LHA VMH DMH
Sleep 7.49(5)18.2% (8) 25.49(15)

Arousal  13.59(9) 22.895(10)11.9% (7)
No-change 79.195(54) 59.0%(26) 62.895(37)  (33)

Total 10025(68) 10025(44) 10095(59)  (33)

FThbb, FIRKTE, SMIBRKTE BA
MRE T, ERAFREKRTESO XY v 204
iz ovT, FEREEMEICHIE T 558k R
FUOEBEERLE, 2hbxy v OREEELD
Xt & &7z
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ZOFER, HETHX Y v OR2T% 1L HE
VAR L CREEE SRR T 5 LB
gqEh-. :

WAANC Z e H 5 &, B TR & U4t
B TR IR T, SRR E R BRE» S
BEER BT T 5 & SHEHEE P EIMT 256
DL HAbh, FRCERNRITR TEICEE L
SMAGRER TRE Tl Z ORI 23385 5 T2, — 75,
JEREER TSR ER e B0BEk, ¥
75 b HRFEER O HERHCIEHHE O BN £ <
B i (Table 1)

Eie, b RTEEBCEMME D BAL & SRR
OLB L RERE D 5 bDIROVTE HILHE]
g% b, ZREHEEE LoV TIRSEEE (05
p/s DITF) 107 5 T 2 REE TN <& 0
B 1~ 4BHEATLT, 2 1 7 OHBEB L
CEkT 5 0RBEES .

B. RHMEBER NI LD DLREEERTHRY

Oy EHIZOT
—REICHE TR 7 v U EBFRICRBVT, 20

( l ) Nei8T3

(4) so ml Ne1486 ' NesI2
0 alaus m

Fig. 2. Five different types of firing interval his-
togram in hypothalamic neurones. 1) exponential
distribution.  2) Gamma distribution.  3) Poisson
distribution. 4) Gaussian distribution. 5) Bimodal
and unclassified.

—EO XY v VEREHRIIE HT L E, B
MFRE A N7 7 513, BURICRIT 5 R i
2y arozhic T (G Wermer & V. B
Mountcastle®, Rodieck et al.®) 12 & A LD
AER (FeEomBl, I o) &Rl
FE AR TRER X OYMUBR THZ S, B3
SHRB L O S ERT v 2 L3RE
EhTwv s (RF®) 2, AEBRTEREESh
TR FEREEERAL D % 7 v DWW TCHE A D4)
FENCHELCH D &, ROWL 4B L DR
Blichiy 52 L T& e (Fig. 2).

2) Iyl m=—bes ewp(—pn 2t

=( %Y _%
=(5),
3) Poisson 43 A%

nzN%exp(—k)

(w7

= ! exp
“Wlre 2q?

5) 2 |U4ARfl B XU Ol

(N BEERRE, #; BHERIsOLOD
HHER, ¥ FHREER, o ; BERES,
i h OSHROBEAE S %DFEEKET
P-IRIE Liz.)

ZLT, ZoNERAR O SRl E—
v w v ORERIIONT, HICEFHEEOE
B LILICBATT A BAV S o7, LvL, f8
I X O A Mo 3 AE (BB
IO LS HE) KBTI AZ Lol

Fie, L2448 (1), 2)) oRElch B3
v i390%Lh b (95FIH8sH) TH Y, o

2/ (EESAE, 21476450 @D Ton
»ole. F LTCHILSMENE grouping JEiH &

T5b0OBI GOSN, BT 2 o8k
DR 57e b DERD -7z,
Zhigie LH B kU8 oxytocin O Il FIEED
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P X B HETERR 7 v o O REHEE D
EEVREEIIIERBCLVERD L
ERELTXY,
Ibizzh s LH B XU oxytocin 2 &
EFMERE XU v v ORBRERIIO LD
SBERERA . T b oxytocin (0.3U)
b1, HEKTERY = VFEE, LL%z
DX v CBEEICE B B & &iTiE20~
BOFPICERE D, 5~154F T &b 5
Tvb. £/ LHELEOBEA10~3053 1284
T D EEERIG T S. 2o TI bR YR
VEFIRINCE T, kAT SR

Z08L LT pifg, oxytocin 3E, 143
ik 24y, LH #5084, 54%ki

1053 K1Y, 20X EN T OFE R
faezoiFERERY & b, MBE-RESA
YT LEEoT. 22T, BRAICZ S
L7 iatil i a3 588, EHMESEEL 2

5> TL 2N, SEOEROER, HEEE
DEAL, WOHRIVT T RE G OB S
FE vFECL Y EREERR S TET
LHZ0EPELEELE Lo T, gigtom<

e FTALE X R D HlH 2 o T 0 FEE R i
DWTEERERETSZ LR, 14, 24
BXUS oL EMEHE R -7, £k, B
RIEF T TEERNMREERES (¥
T L OEHHKE O HANEE—ER R H
T DFLER S Nz HRBE A B EIRES
BT vws o kichsd.,

ZOFRER, BIEBEAIRFRICE TS
IO v~ HBERL - b 0, BEAER
LOP EnRigieBR EEEBL, T ofinsy
T L D Q@ 50 EEL CEHREHERE O
b7 57 (Fig. 3).

C. LH %E5(CLBEERTEHr Y OV EHOLE)

{22 T

ms
1000}
=z
£
g
o
o
o 590
3
1
5
o 1 ;
o 500 1000 ms
MEAN  INTERVAL
Fig. 3. Plot of mean interval and standard deviation

of samples (n : 300~3000) of resting activity of hypo-
thalamic neurones, each sampling period being 1, 2 or
5 minutes. Abbreviations : V: VMH, L:LHA, A:
AHA. Note that in most of the neurones examined
the estimate of regression coefficient fell between 0.9~
1.4. In a few neurones as L-2-3 and A-2, however

the coefficient took lower value.

—BCHETEH XY v gk, LH &5

I X B RFHEE OB, BER X CIERIEI
Wo5F, 10570 L30GEREL - THhES 2
LRI, EHEEOEBRALENT
b E OERREE IR THAR LIELE

H bz,

T LTBEsR AN F81, FEFRE 5 7,
LH #5851z X 9 Bi#K TE I & OB ke%E <L,
FGFESHIRE oM,  EREHRET % < 12 R
D, SMARREE FRETIX 2 6D Zigb & v 5 s
wHic. UFohsd LHEEIC XV ESEEER
L7232 w7 v U OZEE S ¥ AT 20T DL
FEEELIC OV T DR B,

BB TRE : S OFALIC B v T, LH #5512
LV REHEEICHEMNER LAy r v
NOFTEEE BRI % v OB e EE L
»ote.

% U T EIE FERBERILCESRA R
600~1000msec D & DT, HIRIFBEEF, R
W<z 0%, ZENRED1E 3 10R#HERLT
WieH, TR SIEREII RS LA 5.

FEFEERF I RS MR 1000 msec, fEHE
fR72 1000 msec (EBREL : FEUERE/ EHRGH
M= 1.0) OHBMHIEEEDO XY R O R,
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LH #5142 X 9 10~1547 X b Wik S kRS &
UMREYERBNLENE Uik, 30431k 1/2 LT
Ll 57z 2 LTH S EO R MR- RERE
FA %77 23&E 1.2 OERER ECE- TR
LT ok —F, BIERERHBIEHFEH 600~
700 msec D FEHEIIGE % b HIEHERFZE 800~900
msec (ZBHEEL 1301 E) ox v w i 5T,
LH #5105 7\ L1545ric 7 0 S5 kg b
TICENE Ui hs, EXEFEZEIE 600 msec (2
P L, D25~ 3043 1 1k FEHEE D 500 msec,
BRI 600 msec L 7n Y, DIBEYRER LI
%O T%@b Lfc.

T 780 H10~1555 O I BEFHE OBk
Bd o7, RHFEOBIBEH Y, FEHRI
DEFIREVBEhZE L V2 5.

£, Zhdb LHEREERLEX T RO
BEvEHflicovcogcHEER»s L, 2~10
BORE S - THEAPENCEBHE LTV D
BHbhi.

BARIRR T - 351, ERBCWL T 0F
froxyeronic LHomPEED LT X
D FERBREOLERR L OB OBERE AT,
HROML, T OO KR Y v oRENL, 7

C BERENEOBESEEREE TS b ONRE

v, LHomP@Ed XY, KRER
Lizxvunr ik, REUVAVEREEETS D

DBIVHFLECLODOBHEICH BN, TL

CCHIBERERE OB F v e VG L Offic
SHEBREE Lk Ay v VR £ 7203,
BB o EFRIE (6 Hz, 60Hz, 300Hz, 0.5 msec,
duration, 5 1) &5 x2 THLHEPRLTZED
B L LN SRR, R
ERMRE AN o7 T, FHEHERE R
FST b EBD ECTRICD RS E 720 I A
ORI U2 D DBED 5Tz,

Fibb, HIE B L O R, HEE

150 msec, FEHE(FEZE 100 msec O LBRREIEE
THOREELLE Ry m VR ESIRER L
oexymrichoT, LHERICLY, 20
FEHBIRR OIERAL0~305 1200 % D, 4055004
Kb 2 OREEMERE L, FRCEER

ZLENICE UKL, BRREBER .
—7, BEVALVOEEEMGER Licr Y
wrop, LHomPEEEFICE ) Z0RE
BBEEICRIE R Lie b ok, BIEFRAR, FY
ZEHEFR 900~1000 msec, FE#E{R3E 900~1000
msec T, FFEt = b7 T MBI EZR L
L Z 2 OERBRERE TH O RN T b —ikeY,
REAZ U ED ST b DORITH S L.
1T, LH#EEHBREHEROMLERS X
CIBEHERZE O iz, i) B RERBER, 7B
HEREe 2 P56 F R B L, BERIGEY
23, FEEFERE 100 msec PAT O AAANZ %4y
fiziz L, BoVaRHERRA 200 msec, fRIE
£ 100~180 msec TREHFEFELXV R VITH
5T, LH#EIZX ) BHHERE205RICER
FTEONRH L. L LEHEEE R 7T
VX, 100msec PLFOIEREFL, £ 545FHE
PREG-IEERESA Y77 2XESHET %
ORI B, Tibb, LHEERE, Xvw
CVRFOEBRREBARN T 572 LITRS.
k5, SEHIFEEEIRG 200~500 msec TIRZEM
100~300 msec (EEMEH K 0.5% 53¢ Poisson
ST K= 4 ~10) =, FEHOMAENCEE L
XU nvThoTi, LHEEI XV PHIS
MM R & O ARENCIE & A BB ERD 2 5
ST,
MEEERTR: T h o Biich o Thige
A ¥ LH 5T X Y PR RS L CRER
ST o Te. T2 EPICESMUBREKT
WDk D Ry v T HBFEFE, 100~200msec
DIHEBEE b b, [ Sffioxy = v LH
B54%, ERREK 0.7~1.0 0¥k o THHFEEH
W, AEMERELICHEATAFNRD o7 ELT
EZ DX Y v RENIHIEER R N F 0
BB Lz ot £, RLUEBERE
VB IR v om0, EHFREERE
100~150msec T, ZEMEEK 0.5T Poisson 47
i (K=5.0) WP L7 b OR D 723, LHEE
B EBEBRE» 7. TLTID2RT R
VIEITCHEMREE L 57k 2B, BEMRE D/
SEVviy ek VI LEEBREORE LR
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vou Ikt L, 2msec MBENRE D o TRE

EHHIL TV 300BH 60, TOXIEFY

v CE ORI HE T 5 E A RIRER T A

bMcBALRETH -7
LA L, FHRENME ERIEREL, 800

msecll b&AS7BRIC, Zh BEERT L

I OMEFEREIZEIC 2~ 3msec DN TE

ERCERTR L ERN L b, 2

FEOREWEHEELR Vv VI D&

L OH L CAMHBIR & b 5 7 (Fig. 4).
D. Oxytocin 5 LBERTHRr IOV E
HOEHC DT
BIRAR TR : CoBioxy e vicid, 3E

FElER, oxytocin 52XV ZORFHED

BNERDL00D 7208 Thbilvth

Dxy v GBI ERE & 2y v RS EHE

B OMSEGEAR bR 5T, E LTI

HERRE A L 75 L0037 ik B REFEE,

LA R X O I (grouping) %R

U, FIGFEFHEROIEE L L, = OEER

ELHIE L, QR L1~14 oERERETE

L.
ZLTCHREMEZRLEZRY v VOB,

B REFE A 80~100 msec T 7243, oxytocin

REBFEFMRL 200 LY S HkE - T1/2

IR L (b HIEHRE o8, R

= L FE I IERE L20RRES LI % 5

T L7z, T b5 oxytocin #5417

L HEHMREE, AHENERRELZER - TE

Bl vzd. ZLOREKTERY v itk

VT, FEFRHERES 100 msec LT OFESHE

BEORETE, I HHEMERL, EERET

0.7 LT & 755, Zih oxytocin o fy Hpjlps

DEMZRIRE R LIz R Y v 0%, EIEERE

RRIZ BT HEBIRER L2aT &R L.
¥, ZIUSHENZRB VTS AR, F

Y% 5HEIRE 400~600 msec, EHE(RZE 600~800

msec TZE)L T\ 72A%, oxytocin $E.4%20%)

276 6 GICE - TEHIHHEFRIE KR 80 msec

CIE TEAME L, BERELZREE T TR

D LEE IR Rz,

CROSS CORRELOGRAM

.
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wdo el
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Fig. 4. The spectra of firing of two neighbor-
ing neurones in LHA and the crosscorrelogram
between them. Note that one showed exponential
distribution (1) while another showed Poisson dis-
tribution (2). When the former type of neurone was
firing in higher frequency negative cross correlation
was obtained and when the firing in lower fre-
quency, positive cross correlation was obtained.

Uas LIEFIERRIC & » T Z ORIRKR FER D Py
N4 oxytocin #EIZ X Y BEHEE WML, T
BbbEEH L SL VI0NCESM, FHRH
FBOIEESED LB 2HlAb AL, Zhb
D F Y w CREZNSMAIE L, FHEHEE
30~40msec DLMHEHEDTEFN L EAL TR
Y, FHRFAMR-HEERES A Y774 0
JREMRL 14T, BLALEFRECD 5 TF
LT, L» L oxytocin BRI EEFE
SHHEEE DS 50~80 msec IZFER L7z 73, 1EAREEE
X, st LTEARLAP o7z Bic2 4
b6 FICESRKMNDOERRIITIIARECE
ERELLESP 577, TR INERHEREE
ANTTABEHD L, 21USME ORI O
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Fig. 5.  Interval histogram of successive 2 minutes’

samples and the plot of its mean interval and
standard deviation in two AHA neurones before
and after oxytocin administration at anestrus. In
the neurone shown in the left of the figure, the
mean firing interval and standard deviation decre-
ased after oxytocin administration keeping a linear
relationship. In the neurone, however, as exempli--
fied in the right half, the linearity of the relations
between the mean interval and the standard devia-
tion could not be observed after oxytocin injection.
The interval histogram before oxytocin injection
consisted of two peaks. After oxytocin administra-
tion, the peak of shorter interval became less
remarkable while the peak of longer interval became
more dominant. The character “C” indicates before
the administration.

FaORERTHF 7 v vREEICE ibiﬂ‘gﬁ%ﬁ?ﬁkﬂ{/l/—'& vE IO oxytocin DEE T ST

%, oxytocin #2512 X U #ik > 5H T L O
BB, F2 OB - TV OMRHD
iz (Fig. 5).

—F5, FEREERCR\CTIX, & & A 8 REEE
OB A BN - Tz,

BEREREERTR « & DEALO X T v U FEEIE,
BUSE R BRI DBl & kb U CHRE S BT %
FENELL 5D T L BRALD, BREHEL
DOFHFAEE 300msec PLED b O R %
{, & O %SR- EEREZEEERRE 1.0~
L1oEh V) THELTEE L, ZHEMREL X
RS MR ERER RN Lie. EcHTEKRE
PR 12 B OFD DMkl U 7o $hsERER A HIBL L 72 &
%, SEHRHFEER T ECERE L, SEHHE
(RSN N o =) AP ¥ (i b7 N Oy ol

F 7 HIEENIE O L L IEER DA L v R
v w oI, ERRoRE L EERICERER
% 1.0~1.1 oM v 28T 5 bOBKRHTE L
DM, T OMICEHEREE 0D  IBIEE
BMICRE BT v v, VOB ERGR
2 05D F T, 2 DEEMRER 0.4~0.6 T,
AR X T A & A B LERBER
Poisson 5yl %z wT %7 v v BNOBEIE (31
Bl 44F]) LTwdonsbhlk. TLTIH
BERWr L oxytocin IWEEMEERE LD o
7z.
ZLTZhBXY v v LHTROFKEREEOL
RS VR r e OEGRELDID, TEL
72onty e VEREOHMEBGE L oL
%, BEMBEBO/NS I T e X Y RER
b ozt UCHISER BRI 0B X 5 35HE
FE DYSEh & 13 SERARIC K 10 msec DREEETHE
FHHEIL TR Y, Z oMkt LT AEES

CORBES .

& Iz OthOCiIl &5‘ @?‘2@ BPHD L, %é,l%g,
IS T, BEBREEHO ISR TR
v (A E 7213 Poisson 434i%) 1k, # 0¥

| BERRREEB X e O BEREREEICE R R

STz,
FEFIERE, BISIE P EHFHS MG 300msec
UTﬁ%ﬁﬁ@?XFfﬁAﬁ%%Fﬁﬁ@®
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WA EEEREE L T v 3Ry e Y ORIC
oxytocin o Iff FIEEE_EFIZIER U CEER RN
DT B LORB BN, T H oxytocin
B %20~ 40 ICHHBR ORI E Y, K
B LIS E - TERPER L, REICE
FEREDLFNICHE L TR L. Z0ORICE
oxytocin ¥ 544, 24 THEHEEIEL, BHO
BEBCTHREZEVET RV R Vb b 5T,
—HEHMEILL, FOBRBOXRY v VIS
HonBE, FUve L ORVB2zIELLN
B0, ZOBARMOx Y v L, BiZBbhic
e, AL 7 OREAE X ORENICER A
BRED 5D TCH—F Y v VR—ERH 215
L7, BUOBKHLEDZb0EBEbhbs.

L LEMN 2S5 oxytocin B2k - T,
RIEEOEE A D OOV D Tz, TORY
w Y, BTEERECBEIME 0L & BRI O
HEPEEPET L, HIEFHREOEHREEHE
I% 70~80 msec, EHE{FZE 50~60 msec 0 I 4y
Fll & R L IR RE O XV r U T 5T
2%, oxytocin 54 30FbH% i< S8 HIRR 1L 4EHE L
Y, 1458 X005 450t 10msee PL T i %
L, FfCERERZE D RERRE 0.66hEIC £ -
TREFREEZE - THRD LTRSS I 855
o fEICEE L.

—, BEEFCD - TEHVCTROEES XY

Bl oxytocin REIC X Y FEHRAEI

B EEOHEM) +55, EREABENAEDL
i sl

NMARBEEF# : & OEALIAIBERICE - TA
AT URERELTEY, Bc0oxvnro0
A OBERICHT B CEELRS. L LAl
FARB RN & OXNREBIR» B2 5 L, AiEN
HHR TR W ORIGREEZ R L, RIZBENH
TR FREICHE Lo B C OSMABER TRE (I
BAMARR TR & &S0 72) 1%, Z O
ole. T, BEAMUBRKRTEE VL, HIR
L ORICHE N EAL R RIS SMARR R
TR A&SF L T AT, FEREMEL O
SRR D e s 570, — 55, AAMAAR
R R L O v ik Eo 2 ks b

HTEENTHY, Eixvu vHEEO Ly
b A5 L IENBRER TR & CRESMURBRR TR
(T HEIERR 1T O BB RS EE DB A
LENBEFPELTE . = DEERT oxytocin
OER % Zh & O D T,

FlErE B & UFERBREL IC RIS & ik
Bk o BE P RIGLER Th% & Ak 0 FaE B X U
WAl % iom Lie. L LIEBREHER
EERNARE TR TR 0REL,
200msec LT &8 Lic b D H350%EL EdH -7z,
2 | FE AR I IS M ER T RSB X OV AMAER
RTHO XY v 0P, BITEEERE 0%l L
BHHERE L ORISR E R Lt v b o0
BRFEREIER L7z

JERIERE, WAMURER T A% i« HIH RN
500 7z v L 1,000 msec CHRESREE A 7T A
PR AT &R L, BRI E R 02 L
Lt E Ly b i oxytocin FEEIZL Y
Zuu UBEHICEME LT VOB ST
T %Y e vid oxytocin FrE4% 20~40 sec
WIS EIRE AN ERE LAY, 2 e o]
kL, RBICEERZED £ i is UTED
L, R 64575 L8 icikmofEgicE
#lic. L LERENAFRK TR = v
m<, 10530L RIcE - TR g LY, %
SHEEE OBRICIIT > X A A o 7. —5, F
BRI B - TIXBTRD & AR RO x 7 =
Vo T, oxytocin fr54%, Wi 1 45 TR
BREEEOER EEORD) BIED, 1
245X 0 8 FICE » TR L TIFEHZ A Wb,
ERERZE AR E R > TR LILORHRD
nre. -

ZOX Y ICHRERHEBOREIEL LD
DOPICFEER L OIERFEIC L Y oxytocin $
HH%ORKISBEPHRT 200 H 5.

—75, BAMARER TROF Y = v CRIBERHA
R L s Z OEEFLOMICE Licxy w v
DRIz, oxytocin 5.z L Y B RHIIS-ELER
EULEBE VLT LORENCH -T2, T
LA, TN LERAEKTER Y &

CRHOREERL, FERIERENRE RBERER
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DEF EZ R L TEFRREBER 72 —F, ER
M, - Poisson Z5AANCH - Tid, 3 & AR
NEREHBRHBBICBCTHBRAER 5T,

V. & =

LH 5 X Of oxytocin o M PR FH.25, K
TR v RSB E DI bT E VO BE
%, EEEEEBILAIALEALTE P
BWERFEHF 7w T L THEERBIIELELE
Vi XD, 20T IS X CHREN
DIMFPBVbRT & T %5 (Kawakami &
Terasawa?). L7 LAEIOEBRERE? L, HE
TR 7w 0PN, LH %7213 oxytocin 12 i~
ERLXU r CORREEE 55 L HEREN
RrOSEHRHHE-EERES A Y77 5 B 1%
FERECHY EEREBEZR - T TY, &v
T VRS, FHREMBOLR 3 EHE
I U CEEIICEEREGERE 2BP T 5
Bo L, MoEEREBCBT L LT 556
BHDERDE T, ’

IDBHELEZELTHD L, EEEICEEN
TETH L)L, 7w o REPEEME
RLTwBeEZNE, OE2EFIhbdv
TUhRrv e VHEIMERAL, REMICELE
{7eb Lz bEZONI Y. L HIVEDITF
Ihbxrye URBERBIELTVYSEADR,
Bz 13 MREE-TRRR TR W B IUR TRz
ERPRICTRE L T 5 5% < OBLETEEIALO
TR OIEB) LAV 2B ARV E VS
ERBIIEL, TORRERTHMRY v v 0RH
CEE RN Lick bBbhs. £, HEHE
fAe 2 b7 npMeEB LBk [ 54 (a=
2~3) TBITTHDART, BHERFIOBCTH
BB v Th AL VSR, EOKEVIES
BEbnd o ik, weliu Ry = U3
DRRAERE v 2o hEEST 3
L LA 5. —K, BIFEHF, FHEEMHRE-
EWEEAA Y STk hBL, BEEREY
FELEFEHIEEH L Tviex 7w U8, &b
T VESBRIEERHBEGER LIz vH T L
BEELTHS.

BIRETEH Y v Db 5 b O IR
AN Z ARG ERL, WeELED
CLLRELHFITLODOFRDY, ZOXTw v
ERIE LT3 L EZ 5525, oxytocin 5
IV 2~64EVIEERREERY, —F
DIERO>ENBBEERLIEVO DL, 2
DHY v KT B —H ORIERICET N L
o ZENBEELYB. - LHEBEECEL,
FEHE, oA EEREEE X &g L
BTGB OHKRELLH TS & v H o
L, EbLRVVEBNITIEEERREBICE s
5z, LH 5k v@wTzoryry
i volley #3565 & 5 O FEPBES NS
THAHH. W ziE, EREEE R EILE R
BHOTH -V ERFEFEAT2H5F VR
v, LH %71 oxytocin o fiifFjEEE o L&
X D BRRNICHERINEE 2 B 2459,
7ok LH B E T3 3 v v il & 72
BARERICIEEIT 2 O TIRENLS 5. Thb
RE TS B F Y v ORI OV TIR
BESR ORI, oxytocin 3 X OV LH o K& ="+
AU w ERD VI FEEPLIEALS 5.

—J%, MBS 27 e VEich - T, BEO/N
SRy r URERORECI T v Tx LI
FIPAE OB\ TIEIHEBIE, ERCRICE
RERIC/ER Lz & v 5 & ki, oxytocin O
RTFHE AR U v CBECT 2 1ERB3E, R
BIZEI VR T Lo Z L eExAbETH
BROBHBEHEETH 5.

Fixbb, R TEHERAICRIT 2 BHE
AR VGRS, FEFEBICLVBITL, £
FRENICRE TE v v v o dendrite (3353 U
DEETHBHLENTVHILEEZADED
L, ImH progesterone X U8 estrogen JEEE D
FERREIHOZS (L AME 4 @ oxytocin sensitive 7 m
VD& oxytocin D M HEEE DZEIRE L
R THE O 3 v v VT & 7Ry 1 #)
LZEEFRBLTS.

%70, FEFRIER, BEROMIHERTHT Y =
v DOIEE ORI T 2R RY, BEIRRH
ST, BERICOLZEZNNS B, HoBEH

oxytocin



FE—— % 2 QER TR 7 v VERICE JETERFEH/LE B XK oxytocin DESE

W 1z DV TR FEIERS O HE D ICHTHR T+
va VICEIER A b b v S EFEE, JER
FERFICHIRR TR 7 = OPIC, oxytocin O
MmAEE FRRT, BEEESEMN T 5 2

LrEZzAbLY B &, ZOFEAEEOEMT
oxytocin B ICHIEIMICEIV 2 E 2 b &
.

#5J5, oxytocin 3 & O LH o i HiRE O30
LT oK, FEEIEEEZEL XY = VHRK
FEicEEL, Ao oxytocin 3k UV LH M
2351} % final pathway O %W v LT 5%
nHFy e Lo RISERENEE, FEREFCVE
#UiT estrogen & progesterone O [l PIEEEZEIT
X W2+ 5 L v 5 short feed back HHENTT
TDHDTIEIRNA D M.

V. L&® < <Y

H£BHE % = | estradiol benzoate % #h LFE
BIREBZFEE L, FRTHEX Y = v HHO
i b LH 38 X (% oxytocin o ffit B EE D ZF
fbizxtd 5 B e mLEHRREHFEREOZ L L I
BIRET L7z

1. B TESEEERIIC 130T 2 FEEHEE 2 X
bV & FEER, FERFIRFICOVTHIRT S &,
HIHRR T, BEAMRR TR TR EEE/L,
SMARER T E TR msRE LI BT T 5.

2. —EDFY v CFEEERIIE L, &
14y, 2457w L5 G321 o ToFHS
HEE-EERE S Y /T ok B L, BE
FEHIFEQR L2AHR OER L2 ET T 5
wue UL %Y. % L TLH B X oxytocin
DAL RIS U REEE (PR
&) AEIE RO s Ry e i, JOE
WIS E 5 THEERCBENCET TS0 L,
FIRVE LR, HOEREDL > THOERE
REBICHEATLTEE T2 b0rH oI,

BCHIRR TR R 7 » v ORNIIEFRRE
B%*, oxytocin O i FIREE ERIC X D, FEHE
PN (I E R o i), BoFER5]
PDIEEFL LI b ORHR BRIz, Ly LIEFER
CREAEBE A ST AMRFRE A Y v LR

2T 309

BlL7z b 0T, oxytocin IZFIR%E R Licd Did
Ronikh iz, .

4. LH #h5ic X v 3%, EEEcs T,
BIRR TS, AR TR RED & v v VI
1072 L2053y DR & b » CREIC /2 Y, R
BERTECRIL bR 52, FIERREH#10~
1553 D RS N ETRAY I O E R IRBBIC AT T
BxUunrRHbh.

5. FEPAIRER TR & OCSMUBRK THIC S
BRETR2o0Fx T n LT, —HORT R
OFERERE 2 b7 ap R R ik I o7
B, fhJ5 2 IERLSAA % 7oix Poisson A37RZl T
BRSNS VL E, BEOF T v LR LTH
msec ¥ 77135 10 msec O TIRHIAY B
TWBDONRHBIT.

6. FBHEFERE 2 N 27T L BERBER
Poisson #y#%IT, REEFHOILVFT RV
13 LH, oxytocin \FHIC S KIS ERI LD 5
7. '

PLEo®EN D, HETHA Yy O BICE
LH %713 oxytocin oIt FEEN E& L
B ORI EE R v on v BRFEEL, B2
oxytocin ¥ 7cid LH ficB &5+ 5 2 7w »ic
HE5, chbxy e ORINBENERE, I
BEICIL Y ELZIFENTPRENS.

B U R RS SR, R TS
withkméﬁﬁa&ObmHM%Mﬁmmﬁ
<[L U)’ZL&“}A F 7z, ﬁ}LnIﬁi“»ul 9 \/JI)\.(
TR A i B x OB E wln_ L&z

TIHE L, I LET. £ U TIPSR E
IJVCT «’31/‘32 wa {ﬁi@n?y7tq_cu’y_ u‘/’#l&b\i?
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Studies on the fitness for the action requiring quickness and
learning effect (I) On the test results of adult men and women

Masao Matumoto, Kunio Nakazato and Jun Tanaka (Department of Physiology,
School of Medicine, Gunma University, Maebashi)

The authors carried out the test of mental fitness for the action requiring quickness on 57
men and 29 women (18~667y). The test method was the same which was reported by
Matumoto et al.. The tests were done one time every day as a rule but in special cases one
time a week. The score of the test and the learning effect for the action were as follows :

1. The average score of the first was 31, and that from the first to the third test was
37, the one including 38 for men and 36 for women.

2. On the relation between the average score and the test time, the average curve of
the learning effect ascended with the tests repeated and attained maximum level after about
50 times of tests, and the level was maintained thereafter.

3. By ceasing the training for some months after the tests of quite many times, the
score was reduced to small at the reopening of the test but soon attained the before level.
However, when the interruption was took place at the begining of the tests, the effect of
the previous tests (training) remained little.

4. It was found that the score of tests and the curve of learning and the quickness of
the action in daily life and sports were closely related.

In discussion of the above results the authors concluded that the method reported by
Matumoto et al. was used effectively to the test of mental fitness for action requiring

quickness.

WS 2S5 sports B B\ IF LI B
BAOEEERE T 5 5L L TRARZIIHEE
HIBRIC S 2 A ROSEE % IR U2 OMAEREE
CESCTBEREHET 2 HE > v T#
ED LI DEEZRT 2 0FEY AV T—ERRA
BRI L TREEZER Lic 0 T2 Opigic >
WTHRET 5.

BREFEL L UHIRE

BHEMER L O OFBRERE T 572010 H
W TR S IR « MESSEE L TE
S EET HEH, sports STt 2 BEHRE O
—FHED, CEBshizbotF—ob 0 &5
Wz, ThbbEFER—EIC LTy 238
R 53 2 BBHERRRE DJIE CTh - TE Dk
EEBRRRTR ML Th 5.

* BEALESE LAY HE
CAEFN4282 12 H11 A A2AE)

(J. Physiol. Soc. Japan (1968) 30, 311-317)

1. HERBE 52 5 H5EE LTERIR (40
x50cm) Iz 5 DT EKRER T ZhiCA, B,
CBIUVE, EOREOHBEE2FINENDE
B X 3K 10 sec HFE T rondom 1T S4T
ENDBLIREE - TVTZHEHEBRE ORIFK
Im OfLEIRBL. Thb0BIREIT SR
LERZhCHIGT 2BHEFELIIETES
DICEAE LE O O RIGHE & kT 5.

Z OEERRFIC, ELVEISE RIERKIEE D
gEREh B,

2, EREEEL LTI LEEF Yy R ST
72 RCKIGER S b e S DER KB4
D2 anXrBnHCVHRB.

2L LTz b R bt L i 30/E] i)
B3 2 RORRE & JUE U, B
DEF IS & ORISR 053 85 O B & R o
3.

3. BEREIISO0EORKED 5 bEKFICE
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T 5EHEDP HRDfEE A—Z DOfEH 300
msec DEAIC 100, 600 msec DHFAEODHL
D, REEEOAT Y xic>0 T o
R Z 100 msec 4gic R4y LRSS EE il
iz LT 500msec DI % H7EOEES? 6D
BEXEDINEBL TS, SLICKEORED

B> b COEEZED L BIORECHT 28

K%,
K=A-B-C DAL ED T,
Pk oln & 18 E 0B H R O RE &k
I THRFICERALLELDTH-T, 20X
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Fig. 1. Plot of scores of two subjects, showing
different ability for mastering of quick action.
The test (training) was carried out one time every
day. A : Shows the high ability (20 years old, ).
B : Shows the low ability (28 years old, ).
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3. Average curve showing the learning effect

of young and old age subjects. The test was carried

one time every day as a rule. A : Curve on
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(age) subjects (41-66 years).
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Fig. 4. Curve showing learning effect when

the test was carried out one time every day and
one time every week. A : Curve on the subjects
who carried out tests one time every day. B:
Curve on the subjects who carried out tests one
time every week.
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Fig. 5. Plot of the scores before and after a

cease of the test (270 days). These tests were car-
ried out one time every day. The subject was a
woman of 20 years old.
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before and after an interruption of test for 13.5 days
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—

80

°
Lo’
o
> be—"T1
Py
[red
=
—
~o, @
P el
I

i

40

SCORE
O\
@,
—
oL
P

L
0.

20

T

5 10 15 20 1 5 10 2
N.T. T.

Fig. 7. Plot of the scores before and after the
change of the pattern of stimulating board (see
text). The test was carried out one time every day.
A : Before the change of the stimulating pattern.
B : After the change. Subject : 21 years, 2.



RAA o B o [ —— B BT B A B X OB BT A% (1) 315

IYEY. Z oz ERUEToRIE >V ORI
PEEBCHOLNGEEBR Y LR oo &%
Db ThBLEELNS.

PF L2 D% DR 0 - BRI\ ES TR
HEEK T LRI OB DT & FREOREBICEL
7z (Fig. 7).

COEWHEMEELLLDEBbNIREA
AMBIOET VEREIEREIIOVT, K
REETR STEATE IS OBBREFICB
TIXEFE HHR OFIH O _EF 1T —EREIc o v
TEVHPTH T fFLZ OEFED ERIT S
FTLb—ROWEHREOENL Y LA TH B b
T L EROEEHEHRE oM%Y 5 TEE 5
LoEEbh5.

5. TRAAE & HRRE O B OIREPRIE O

L2y

FRE OHIREF R T ClIedb <7z bhbh
DMEEOELZIES D, FiXBaE+ 2
S 0D AMEB L UL, ZoMTH,TE
o OBREFICOWTHE OIEBNRIL, sports
T IS A BER L2 2 b OB KRS E S
DT DO TERBRERZ L 20 b R, Tk
b HBHEEIME R IRT 5 2 LN TELDT
ZORIZOCTRIRT R -7, B LEWHRE
23 % HF OEERRIL O HE I » R EEE
ZEOFHICHELS DI THEINZI DI LEEEL
o b CHHRE O, sports, T O OBA TS
7B EBRIL R BE T S AREN b 2 b S
B, SEE R ORI & WRE OIEERRE L 1k
HLE—H L TwrZ 3B bhi. JILEE
T 5 REAREMBERED L ik
BT 0 HEIEBNC BT F i3 sports &
EAT DB LT OBWEZ D b DR L
ERARTEHTEVEMNICE L THS S
EOWRRIMLT L —BLACEAY b 5722
LThHB. M, EEK Srv—R—rElieowvT
B ic R R R TR E ICE T 2 2Tk
FEE TV e,

Z ES

PLEREREE L TR HEARE H ke

B BHEEREIC T 5 HE L LTHY S 5
B EARESEE—RICER L BAS
J5EB— K OBRABL OB/ EEIC OV T o
RERER 2 5 B BIITH 7. BELF TR~
To i < ARRA PRI kg ok s v L
FTACET A ERIBRALBERLAEVLOTH
- TAFE D sports Zi b4 @M OHEE Zh
LOZ LR LREELERREZVI LIV E
ThaV. Lo TEERMES LTz oz
LERGERCMA LTINS e b v, KRE
FERIZE 5 TITR 5 5 Did v W % mental
OEIZELTOATHEZ L RSEMLTS
MIET TR B v,

ET, KRERMME L EREOHEAEE VL
sports SFIZ B ZIEEFRILE 2 BT HiIcEh
HOEEEICBCTHEA—RLIZARD YV Vb
W BIEEEEDE L B 2 REIC BV TR
WAL & OB VT B S piE &R
THONREL, THIZK LT OB I e
MEREHDVCRELELLEL LTV EE 0K
EREIL B < o CERERE & HHISE ORI
HE =BT 380 % 0.

MB 4 o sports IETFIT OV T ORERIEIC B
VTR B VR E VO b Th RV
BUYBREICETSLOBRT_RTTh 7.

DL LEENTHIEZZ OREICL 5T
(LEIZZG T 2m & b 10ENL OREEIT
9) BB OBEREHET S EBTERTH
BT LB ST

B & BT 28 L sports FHFIZ o
THEBHCREFERIBEETL VS T3 L
—fRIZ b Ty BBARRECHER L v +hix
b ARBEOTE CREFICB VTR A EENREE
»oh. BELIEEICES B ERTER
BEZECBCTOREESN. T
THRIHIKRFTLATRIE 2 & 72 WETH
%.
BERREZERSZ LICE - THAR ST
LT RDBLEEFEDRICOVTEL D ITHY
RIS 5 key 2T HEARRETEND
ONBEETIET B L2 bIRY, HRDIXEHRN



316 B+ L+ I REELTE BN B (A H & O B M 5% (1)

kEEER L LCENET 5D Th 25 KREC
SEEBRHCEENFT RV D B X 5L Y Z Ok
FIEESTEHEZ DL OLEMPICTED LI
BB, ZDL D RRENEROEETH ) &M
REMLSh -k TH B. 8 O sports F i
ERVTRZIOZLEED CTEELMETHS
Bk o nEECHLTRIAETROBEE L
W oENEELBEREROb OTH S
5. 1B 05 bigMFE»OREEFTEZ-TH
BROLREBLERONED STEPREL B
H 1E-S>FF5 9 BEI T TR Licin & 5%
S 2 e, HFLEE 1 EORETRER
OEER DI o7, B, ToffickseT
NP LB S EE L ECS TR X9
RBEACELH D LB LN B REME O LE
PHE LT AEEOBAIEINZ LEEEL
BROhERLEVEETS 5.

WA & I LB A B om#icd 55

LBV TRERBRCHERCHERAPME T

T B ASAENE R L F I BV TR TR E
WU OREICRES. = 0RICELTEET
Bl OEEHcE Y THEThiETh
CrirhDIEEALERDN B L RBLTEX L
B E D ThH. Sports iz I\ T season off
b season ICA o THE BB SN IHEF
B\ CHEN AES L L THER S D R
5.

FPC 3T 5 OB OB E R 2 T RICE T
DA OB 51 55 F BT BR T 5 2 28
£ Ui Ric oW TR0 9 HIEART OB O
HICR T % SO & & bNB 2 BREUEELD
N U7 TEAREC BT ORITH T ICRE
BB TR E I I L TR 0 LR SES
Thote. DI LFEAPOEE L TTR
ST EE RS HRENREROBRLBEELN
HEFATIAZ—, €T 7 EEBELTYS
BRI R\ T A b B RRERE SO O 5
5 HEBE CEBESRER S Z L CBARE S D
DLBbhs.

PR AFEE VT b BEE e
LREREEE OFEPOEELILOTH

BRI S ET 5 sports, FAFICH @R
BN F O MSE o FT OHECKR LTI
SEHRHEEELY 2b0LEXLNG.
LF Tlo k7t S AFEE & - T b B
e o LRI B 2 1 R
BB ETH » TEEOEEICS W TH AT
D —AE AT O RIE SRR T BIEEIC ST
BREEERL - TLBZLETMTHA 5. L
e TABEIC & » Tz bR e BB
5. L sports %51 33 B HNIE ORI I By
7RI THE, ThoDZtieRGELR
FnER bRV THA .

L e

A - W HSIC & - TERS WICERRIC
BRI X B & BRI 5
SR H R R A B (B574, K294,
18F ~66F) 1o LTEM L bhlcifEic
VTR O EFBRE 2.

- 1. FIEIOBE (#R100) OFEEESL,
% 1A 5% 3 [ B ok £ T OTHEIEST,
BZ ORI T OfEIR38, LT 0HRICDOWT
DIEIE36TH -7,

2. HRAERRS0EIPLEIC R L S EREER O
g R R RD0[E DA TR IE (K975
A, B LT 400 msec) 13 L% DRI TR
CIETH 7.

3. ER/ICLBEFRBRALERDLO N2 o
7c. '

4, —EHRRE (BE) &l LcBRRE
R EBE L L EORMEASFEDRO Lo
7r E I E RSB HEL T T OREBICE - 7225
RAEER (BE) B eEA R R ORE ©
SERBFAAL LB ORI ST

5. FNICT B RSO EE 2 HRICE
WCHT ORI D TEREERIR TS 2 DT
WBE TR T ABROLRRESLP TS
() 7z.

6. AMEFEIC X 2BHOLAT b bE
THE» bEL b h B EREREOHEE
¥, sports 4ic B AEEES L 2HE LR



AR o i« AP —EEMEEICON T 2 A 20 X CEBRRE S TR (1) 317

PHBTACHEBCRBCTEERBRR DB Z
LEmoT.

Db oD O FEFIARF I ERE I
WUHEENER XU 0 ERE R HET 5720
ORI LTHCY 2 Z L I3HYEHTHAH &

G BA
fhrm L7z,

DRI Y S TREIKE O EIT O W T, AR
FEXFHK, 178, BLIONECHhE22k 2 %
EiT 5.

AER L DI S VX I AS[A] B AR 4y
LR

SR B W T

X [

1) AR — (1966) JED)TR QLMY AMEIGR T,
717 [

2) Galanbos, R. and Morgan, C. T. (1960) The
neural basis of learning. Hand book of neurology,
111, 1471

3) M IEME - 9 R (1966) FET) & FUSKENC 33
LU WEEDE N, 87

4) ARASE—ED « SIS R (1964) RX— YRS KF
DORFA BT
5) SEEE A « SERE « LT KNS (1961) 425 KIS
R D% & £ DS A Olympia, 7, 21
6) /MREPIFE S (1953) = HER LFLAEEE 5 1, W
3 AR HOR
7) RAZSEHE « FIE=HRS . B Fpk« FAHI/NE F (1966)
W B U B E, Sports FCKHT B ERA D
ik REE 1, 112
8) MAAETHE « FIE/IMETF « AP EFFFK (1966) LpHhE
771l R o 1 - e A VAN GO = I G . 5
28, 398 )
9) MK = (1955) JTIGIRHI 0471200 X % K IRIEEE D
9% SKTEE YRR 70, 1209
10) R EFF « FREV/NETF (F2) Bttt s & U8
M50 (1) BFREamEisonT EERE
12
11) R (1953) 4S8R - AN DHREAEEE 5
I, W, IV, sqlEE e
12) JRYFT 4 (1964) 3B LY &7 505 3w
13) Fier. g » FIH/NE T (1966) EHEME w510 5
EAOTR XOCREOSHH ORI 2> WT ik
B (BB 35 43
14) EFE =R (1963) S o ey Fley 33, 554




CHAAEEERE

(&)

(1968) 30, 318-336)

“Fingerprint” b (i Zo"ﬁ?l.ﬁ'\%’fﬂ E “/@.H.’.jﬁi?
ARSI O B ELFFRE 612 1111

I. “Fingerprint” ZIC LB EFERA~NES/AES (RS
WCIECHERS) ETCRBREAE/OEOLE

B B fE BT

Studies on mammalian hemoglobins by “fingerprinting” procedure
1. Comparison of normal human hemoglobins A, A; and F

Nobuji Maeda (Second Department of Physiology, Nara Prefectural University of Medicine,

Various human hemoglobins and their subunits are isolated and the differences and the
similarities in structure are compared by fingerprinting.

1. A method was developed to isolate 642 chain from hemoglobin A,.

2. The similarities and the differences in fingerprints agree with those of the amino acid
sequences.

3. All of peptides of @ chain isolated from hemoglobin A; are present in fingerprints of
hemoglobin A, and F.

4. Considerable similarities of the subunits studied are present in 50vca11ed “basic center”
and in so-called “core”. It is assumed that these parts of hemoglobin have an important role
to maintain the physiological function.

5. It seems that the order of the complexity in the fingerprint of the subunits agrees
with the possible order of evolution of genes controlling the synthesis of these subunits.

I.%¥ &2 & &

BAE~E Zr €y Hb) o, #ice b Hb
OIS VT OMRBMOEHOEHEIL
TVvHUBLLEHRLT S,

5 LI HEEMIgE DBstE & 75 - 72 O 13 Ingram

Dz X TEK &SR\ bW 5 “fingerprint” ¥

Th b, UkizRamo Hb 0ZalE 2 ikE
FTECHI > TOE—BREL LTHERAREDTT
1<, S E b ICEMRER OB R T
BOREELDTCHERRFETS 5 L E2bh
5.

SEICHES LTV 52508 Hb 138
LY, E¥AIIE3IES Hb BEELTY
5. +7sbb Hb A, Hb A, 8XOHbF T
HY, hd Hb &R ZHh £ h oty fA

* RBRIUERREE 2 £ HE
CREFM424812 1 4 I3

(J. Physiol. Soc. Japan (1968) 30, 318-336]

by, 042, BIXW a1 EHObENE. TR
LIEE Hb 2k 2HAc0 T 2=y MIE
RERMEOEETIC L YV 28R HE Sh
THY, TRzt 1 KEETTECEHAIRT
V% (Braunitzer et al? ; Schroeder et al.® ;
Ingram & Stretton®),

S, =5 L 1RMiEOR &Y Lie Hb
&\ T fingerprint (A O BES: & it
L, ¥Rl s o< Avons X5tk
517 27 =F AL (Jones») #EALT,
#Esko> fngerprint ETEADZ LD TELH
St vhbd B “core” ¥4yo fingerprint 122
WTHBRRE ML TAHE.

I. RBHEESIURERTGE

A. Hb B o/ER

EEAIEE L LR AL 7 & CNC S i &
A, BiFERAORBIRE VRLL, REZS
WA R X ViRM Lie. —EEEEAIE L
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Fig. 1. Separation of @ and 3 subunits from Hb
A by Bucci & Fronticelli’s procedure. Flow rate ; about
8ml/15 min fraction volume ; 8ml, O—Q ; effluent
pH.
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Fig. 2. pH Gradient elution from carboxymethyl
cellulose column of hemoglobin A, treated with PCMB
in 8 molar excess. Hb A, treated with PCMB ; about
90 mg, column size ; 3 x4 cm, flow rate ; about 30 ml/
hr, fraction volume ; 5ml, O—Q ; effluent pH.

ik & i EA R & 3R K I T 5 ERETESEE
L, EEOA A vAKRBLT M= Eix
WU IRBA M S8, K304 BIMTRUE NI K
BT 5. ZOBEKICE Y O L-WnEE
vz oL HERE LS 5IC300HKE L
%, @®Epk (3000r.p.m., 1043f]) L T stroma
EfRELRL. ZoXoicLTark Hb BikE
PUF D~ 5 AR EE % 72 130 2 PR IC st L ¢
KEAN (B 2°C) THILSRRIENT L e,

1. Hb A, &8 ; ERADK#IRML X Y {F
WL HhmgEe 2o s£EH L. 20
&, MERSELT Hb A, B 25% &%
N5 fingerprint Z{ERITBi1hH e » Tk
HERTEIBRENDLDTHS.

- B. Hb F #FHEIER

Hb F 358 M ¥ 2> 5 CM-Sephadex
(C50) %\ % Zade-Oppen 9 oifBE &
(Enoki & Maeda?) iz X v B L7,

PRI ET b - T —E kSRS Hb
(CO-Hb) x L, CO Thgfnl 7= 0.05M B
g (pH 6.0, NaCl 40 mM) (=3¢ L T—%&
BBHT L7z, Column izid 5 ~ 8 %BH ¥R MK
L LT 1000~1500mg f#FH Liz.

C. Hb A, R OER

FRA DB FIRIML & D /ER L 72 ik & CO
e, CO cgagfaL 7=z 0006 M K,HPO,
It LT —&E L 7= %, DEAE-Cellulose
column # W< Hb A, 248 L7x (=H
8),

Column (4.5x40cm) J&@fH - ¢ 0.006 M
K,HPO, (pH 84) T¥fyx+, 6~8%n
Hb yuess 50 ml 245/ Lic. F—ig#g<
Hb A, 2B s €74, ZBICEBALTL 3
nonheme protein Z[RET << 0.05M BEe
iBEE (oH 6.8) T ff & ¥ 7z Amberlite
XE-64 column (2x4cm) #EL, F—E®&
¥ T% - C nonheme protein Z¥EH L7z.
0, 05M K,HPO, #4% -, T Hb A, %
BEHE Lo (ZEY).

D. a* BIU A 7 2=y FOBEE

Bucci & Fronticelli o 5 [c#¥T T{F74
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»7. Fig.l Tz 0EfERT

E. ¥ ¥ 7 2=y bR

Enoki & Maeda o F 5D o X 0 458k L7-.

F. 6% $7 o=y FOBH

Bucci & Fronticeli o 539 %4 U g TFF
7% 57c. PCMB iz X % Hb ofE#iids <
DFED il -7z, PCMB i iz <
L2 HEWEBENCHET 52 LickY, B
INET o B L Lie. g,
i?ﬁ*:[‘% 0.01 M #meiedEnk H 7.0) L <
FHFL, 2h® CMC column (3Xx5cm) [Zff
L7, BHIE 0.01 M BfbiE@Eig (oH 7.0,
500ml) & 0.01 M #EsiefEsE (pH 8.0, 1000
m) X VR EN D PH ARl L Y BI k-
7= (Fig. 2).

G. HFEHEREH OB He 1

Tyuma et al. OO ICHET TfiFE 7. »

H. 857 VEXRKE

Poulik A EEEHRE RV %2 v~ Smithies »
FHED TR - Tk,

7B, Hb oMAEKKEIEE-NaOH #%
g (H 1.9, 1=0.05) #H\3 Miller »F5

B X VTR o7z,

I. 7'r L ofid

Anson & Mirsky » 5D 240 USZE LTIT
o7, 1~5ongfE CO-Hb Bk & Uic
CO Hipfglvsi®, ¥ 2°C olm=EAICB VT
0.5% WHERE-7 & b U RIRIOEHE T 2 X < »
EEERPLESAL. WL v €V %
AR T & b VIR T IRIREEIE L, Sk
Bie7 e b T LIbDRET v —F—1
AR, KRS 7 TEBIL, WETIC THR S

¥3. Zz0k5ic LTz HEERMIBET

(# 2°C) iRET 5.

J. 72 =5k

Jones DHEED UL TITE »7c. BRI~
X LT L 7 v £ 150 mg (2o
A osERIbRSE 3.61g, 5% EDTA ¥4k 0.3
ml, Tris &% (eH 8.6) 3.0ml, IBILU 2-
mercaptoethanol 0.1 ml %%, ZhiCEHEL

Fig. 3. Apparatus for tryptic digestion. A ; Digestion cell, B ; thermostat, C ; magnetic
stirrer, E ; trypsin—supply tube, F ; pH meter, G ; piston buret, H ; bottle containing 0.5 N
NaOH, I ; combined electrode, J ; nitrogen gas cylinder, K ; automatic temperature compensa-
tion. During the digestion, the digestion cell was flushed with a constant flow of N, water—

vapor saturated in D.

R
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BRUAKOER T AR Kk & S-S
HEEDOEILEITHE D. 2\ T ethyleneimine 0.2
ml #MMz305BKGEE® 3. KIFESY &
FHCTHLA A vkt LTR 2 BREIEN, —o
BNE EERCRBm L. i, PEDOTnE
iz Ui RS RESREAIC A LT T
2= FEITIE 5 7.
K. Trypsin i X % D7k 53
PERELEIZIT 2 EEH D Y £ 0—ik pH-stat
EHERT 5 LTSS RERT TR D
FHETH D, SEEE & BER L THk.
1. Ingram o FED U= HE
S wEFgE BTk Hb A o ToSER
L7zb o TEDEES Fig. 3 1omd.
200 7 a ¥ L P58k (8 ml) % digestion cell
(1.8x10 cm) (A) iz A, 0.5N NaOH < pH
8.0 I FWEIT 5. =0 digestion cell % XiTiR
3 X 5 iz thermostat (B) T 38°C icffiz it
Bz L Y 2ir 5. Magnetic stirrer (C) TX <
HERLAEND, 38C ckERIcXVEfsh
BN 2 D) WKL O L REKE S

(A)
30 A B
F C c F
[ 4]
(‘-". T T .’rﬂ
o JE " e J ®
Y B
48

Fig. 4.

Layout for paper electrophoresis. A and
A’ ; T-shaped filter papers, B and B’ ; glass plates,
C and C’; buffer containers, D and D’ ; bridges,
E and E’; platinum electrodes, F and F, ; electrode
chambers.

%. Trypsin (twice-crystalized, salt free ; Wor-
thington) % 0.001 N HCl [z y5f& L 0.5 % ¥X¥%
FERIL, BHICHT S trypsin 0EREHNL/
2001272 % & 9 73 trypsin IR E MY 7 2 E (E)
X ViEVAHREEFEIRT 5.

Trypsin OhIkSEIERIC X » peptide 4
NLEEE s S H A LEKRHsh pH o
ETFRBz3. —opH 2%z 7.9 L 8.0 OfY
2> X 9z pH meter (HM-5 A #I, HEE
#) (F) %#Z7:2 6 piston buret (G) kY 05N
NaOH (H) % digestion cell pyiz3% b iAte. pH
meter 2% digestion cell Py & v & EMHE (GC-
105, RHEERK) (1) 2FHELTHD. TAh
VIHERH BN Lo ek, EBIRMTZ 2
e UTESREO trypsin IR EENT 5.
ZOBOT NV VIEEMEL U E L - T
WEr L, INHClL ©pH % 65icREd L
XV ISR EIES® D, D\ CHUKS Ry &
JnEh (90°C, 24y) TAHZ LIic kY trypsin &
KL &E, NESEREILRELEHL EEE D
5. L0 retty dmg YT EEEY
INRBRECHEL, WE (K 2C) wTtrvy
— 5 — N THEZEE LU TREFE L.

2. BEIEA T O (Katz et all®)

Lprgecix Hb A, DS o£iE e = ok
T L. ZerRBhE2%s L 02M

" NH,HCO; #iR iz L THRTIC T—5GEH Lz

YDA, T o FALBRERESZL
7o b DD TR BRSBTS B, BB RN
A A R UVBIERICEBIT L. Sl s
v AR BE R RE A /NSRRI 5 o L, 0.001
N HCl iz¥f2 U 7- trypsin IWHRE&EEITH L
T 1/100 DEELTIHML, BRI A THHEN
PRECERL TP LFREERTS. 2L T
38°C DIEEMNIZ4REBEEL, = 0 BRN
B e B CRERE L. T 0%BEVtrypsin
WIREEYRAML, S IRFEELLE.
ZDXHRLebDE 1 DOBRAE L FERICOEL
HRET 5.

L. Fingerprint &

Trypsin ic X 2 KGR ORERLE LD
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peptide DREAGW % v MEKKBB L O/ v~
NS T4 — &fﬁ%()\o ¥z viwp % fingerprint
BTk Y L.

1. = iKERKE)

Fig. 4 (A) &R+ X 91z 6x6em Dizho
SOOI 30x48cm DAREIDOTER R
4% (Toyo filter paper, No. 51) 24k (A, A") %
H5 A (B) ke &, Michl o ERMEEENR
(pyridine : 5K BE®R : /&k=10: 04 : 90 (v/v/v),

pH 6.5)10) T, BRIOEITHERL =K
TR TER <. Trypsin kS AR & 0.02
ml OF HEERICEMEE, R P BIOP Kk
BEMOHBT AR B) TH T Fig. 4 (B) i<
BT LS nKEIL EHRASL, OB EE
& G, C) iwokt. Totk, BEEICESE
MEERE AN S.

BLIKENT 50mA (2T 80~120 SyHERIRIC
T8 5. & OMOBEZ LI 2400~1000 volt
Thol. BEKDE, ©EEEROTEOR
VETIZ 23 L CREREERSE, thoiak
sy,

2. nfkrm~ b T T 4~

BRIKEH OELE L7 v iR > S BERIKE S
WEREEC T nv T 7 40— BT
5. B, YHrw~ N7 7 4 —RERPR
BZRBEREKOE X ) CHEBELTHET
B L AT v Rr#E » U Ry b (40X 60X
60cm) Z VT T 572, BERBE FoZ=2R
R 2 BRI e iR 2B L TR L7cqg, 156~17
BT o7, 7B, WL LCako=MH
BRI

(a) n-butanol : JKEEEE : /k=3:1:1(v/v
/v) (Ingram?)

(b) pyridine : isoamyl alcohol : 7k = 35:
35: 30 (v/v/v) (Baglionil?)

(¢) n-butanol : JKEEESR : 7k : pyridine=15 :
3:12:10 (v/v/v/v) (Walley & Watson
18) ; Balani & Barnabas!9)

7m b7 7 4 —&TH, rEEBUER
K CTEROMBO R VAT THESE 5.

M. Peptide 725 ONCHFERT I BRBRG

& trypsin {4k peptide 122\ T D IGEEYLEE
[k peptide OFE, HBOBEFICH VT
BICARBFRTHS. DTIELTHD L,

1. Peptide 725 WNZ 7 2/ BRYER—
Ninhydrin 5 (Miiller2®)

P I2 C ninhydrin I EMWEE L, 4 ~6FF
BRH L BB EFTRICLY, bL—
ALTHL.

2. Arginine Yuft [z — Sakaguchi JJix
(Acher & Crocker?D)

Arginine 27 peptide TRENGEOEEIC
FABER BT 5052 0@ Th
K. )

3. Histidine ¥ %)
@ zn7y=—LEBRIE (Pauly #F) -
(Baldridge & Lewis?®)

Histidine &7 peptide 1X#EY R TICHE
BN EBR LEOBIIBEKARNTD 5.

(b) 7= ¥ I (Sanger & Tuppy®)

WREOERICREDHRERT 5.

4. Tyrosine ¥efa )5 (Acher & Crocker
21))

FEOERICHFARE S BT 5 110 H

KBETHIOTTIIRN v — X 75, BB,

- tryptophan & [RIB€ OB R EFRKT 5.

5. Tryptophan ¥ufa )i (Ehrlich 33K)

(Smith?9)
HEEF BT CHR S E B LRI
GBIEENHIRT 5.

6. B 7 3 EBYe& ) (Toennies &

Kolb2)

Cysteine, éminoethylated cysteine ¥ X %
methionine DEFFHRARIGTH - THhE 0 &
EOb L ICHL RUTHAEERT 5.

7. EERHYE R (Jepson & Smith?® ;
Easley??)

b HMEORET 2/ BRE 721 peptide DY
%, MREORERT 3. BYE USRS A
M 5. Ninhydrin s, INHCl &7+ b v
D 1:4 (v/v) BABRKEHEZET LY
ninhydrin FEEB0IPLEA Sh, % 0% histidine,
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tyrosine ¥ 7z 1% tryptophan YL 3 A[FETH 5.
EHT 2 /B EI2 T tyrosine F721E argi-
nine A NEBEARETH 5. T H HIZEHAD
FECEEFCEREFETH IR, »55H
RS REOBRELRTHVC LICEET 5 0E
nhb.

. = & & R

A, FFEHb BIOY 7 2=y FoHE

Hb F, Hb A, a*, B* BE0 7F WS
DVTRT TR S T30 T (Enoki &
Maeda” ; = H® ; Bucci & Fronticelli®), = =
Tk ot o HEHC >V Tk~ 5.

o2 g ML Bucei & Fronticelli o 39
EOLWEL T 7. Fig2 IR+ X 91
28 o7 peak AHIER L7z, o2 ${ix pH 6.6
FHE TR S g $iclb~N 5 & X vy pH
TSN TS, 20T a® g2 pH 7.5 [
FETHEER, Zo pH {Hi Bucci & Fronti-
celli Dz X5 o gt o pH & JEaic &
=L Twsb. mpkMmHo Hb A, 13 Hb
Ay OYAE LR Y, o $OVEI SRR
FOK X o pH 7T MHECHI S,

B. B2 VESIKENC X 4% Hb b
YT a=ry boliE

Poulik o Ruindig %2 % vy Smithies
OFFEDCHEMHD bRy Ta=yy o
ek 7 VESIKI 1T 75 - I gt & Fig. 5 (A)

R

#HbicowTHase, Hb A, 23EHHEL
AR L, bTriETL - THLE &
iz o<, TrissEDTA-borate #&wE (pH
8.6) (Gammack et al.2)) 2+ % L WEH
EEITESbICHEE 5. Hb A, 3R LA
AR BT 5.

HFHTa=y NEWRTEL, T #ED
BOGmACBE L, B $Zhico SN
HEOEIDLTHTH L. ZoHAI, Tris-
EDTA-borate j2ffiE (pH 8.6) (Gammack et
al?®) EEATAE, B O S 5 I
LD LBRICBE T 5 03 o #{ThH
b, g%z T ph e o S ORI IR
JE R

¥ 70, IEEeREEE (pH 1.9, 1=0.05) (Miiller
W) wMEH U CEBRIKE) E1T 75 - 7o iR Fig.
SB) iR I e < T MR b B R
BoL 0% S o F ks T D B A BN
TR 5. SEOBSKI TR ER-AO
SRR & BN A BRI & 1Rl —HLER o
Lo RMEH L7z, Miller20 i385 i AN 42
BHEOWEZ S VHO L OO 2 fFE U R
T A5EE AT LT B, Miiller?0 & [R5 o 4575
TR C UK % B 1 a i & FE o B0 BT
PSR Bt S, iy T I 0 L D
BB eI L, ZosicovT
i Miiller2® SR L Z—F Lsd o7z, 5B

B S SFEDIE a $HO P TIR LI

- N
o1 (@]
T T

moies NaOH / mole Hb
o
T

WAABIHE R, o $ik & vk
DL EBIEBRABEBELZRL, »
Ok (Ingram &  Stretton
20 Hunt™) jcA b5 L Hic 3
o Hb (Hb A, Hb F X Hb
Ay WHHELIZbDOTH 57z,

C. Trypsin i X % W{bieE

Fig. 6 1 Hb A, o {LEE %R
TL 0T, HplE% 2 RFMTEE

5
O 1 1 I} ! |
0] 100 200 300 400 500
Time (min.)
Fig. 6. Time couse of the tryptic digestion of human

adult hemoglobin.

SEARMBILENKR DI LB 5.
&5, Hb1 w1 (M. W,=233,000)
WY B shiz NaOH o€ 430
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Fig. 7. Comparison of various chromategra-
phic solvents in “fingerprinting” of Hb A. Elec-
trophoresis was in pyridine—acetic acid—-water (10 :
0.4 : 90, by vol.), pH 6.5, at 50 mA for 120 min.
Ascending chromatography was carried out over-
night in (a) n-butanol-acetic acid-water (3:1:
1, by wvol.), (b) pyridine-isoamyl alcohol-water
(35 : 35 : 30, by vol.}, (¢) n-butanol-acetic acid-
water—pyridine (15 : 3 : 12 : 10, by vcl.).

pa—

Fig. b. Starch gel electrophoresis of hemogl-

obins and their subunits. Run in the Tris—citrate—
borate discontinuous buffer system (A), and in
the formate buffer system (B). Stained with Ami-
do Black 10 B. 1; « chain, 2; Hb A,, 3; g4
chain, 4 ; @ chain, 5 ; Hb F, 6 ; ¢F chain, 7, ; e
chain, 8 ; Hb A, 9 ; 842 chain.

Electrophoresis

Chromatography

e,




@

AE*& C_hc'm 4

Fig. 8. Photographs of fingerprints of AE*~Hb
A; (@), AE-Hb F (b), AE-Hb A, (c), AE-a4
chain (d), AE-g* chain (e), AE—yF chain (f) and
AE-342 chain (g). Electrophoresis in pyridine-ace-
tic acid-water (10 : 0.4 : 90, by vol., pH 6.5) at 50
mA for 120 min., followed by ascending chromato-
graphy with n-butanol-acetic acid-water—pyridine
(15 : 3: 12 : 10, by vol.) overnight. Ninhydrin stain.
¥ Aminoethylated.
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155 v, Ingram®D 0 15~16 2\ 5 & FEH#
CEL—F LT3,

3, 73/ =xF ik Hb (AE-Hb) oiH{ki#
BIERICFE L TYRCVE, Tk VEERR M
DHEL TV 5 Z L ASHER S, Zhuid lysine
£ X arginine ® C RKigiyofiic b 2
core DOHFICTEIET S cysteine 28 AE fbksh
7B x5 AR-cysteine @ CRIRERD b,
trypsin M EH OS2 » T 5 (Raftery
& Coled), &bz AE fhic & v Fitbisbtd
trypsin@& B2 1% 0 Bl 5O B 5 Z & (Jones
N LVEOFREEEZOND.

D. &7 a~ /77 4 —EEOLK

Fig. 7 (a), (b), (@ kN Zthrm~ ST 7
4 —WEr U T n-butanol- iRk (BAW)
(IngramD), pyridine-isoamyl alcohol-7k (PIW)
(Baglionil?), n-butanol-Fif#-/k-pyridine (BA-
WP) (Walley & Watson!® ; Balani & Barnabas
19) #EHL, Hb A, [z2vT fingerprint %
BRI L7z b D TH B,

BAW Rz B TRV OB AIC D tailing
PRI H B, FRCHPPE peptide B X ST
FEHELTL 5 X9 il B v T, Exo
peptide BEEBIFILEE HBE R IF & 3wz
v

PIW % iR\ Tk tailing oS Tv
B. 7212, HHEME peptide BT BV TR B
SEERIH BN BN, TR b ONC P peptide
BB ASERRGFE . Eie, B
BFOFER Wz R 0 A EERMERIER I
5, AN BAWP Rickwy T,
tailing % 7¢ <, peptide pattern 2{Kic RIF7s
LBk b e BIMEER Lic. PME, BAWP
AR EEHT A ik Y, #EHb B I W
¥ 2=y L@ fingerprint % Lhig Uz,

E. #FEHb iz o Wic Y 7 2= v o finger-
print |z & % HHig

1. Hb A, o815 o 7z 6T 4 8

Hb A, @ fingerprint {2331 %545 peptide BE
PREZ T TIRER SN T v % (Baglionil?)
2, AR bRz b i 2w TR E R % 0RE

B ARTL.

Fig. 8 (a), (d), (6) XV Fig. 9 (a), (d), () 1%
#n#h AE-Hb A, AE-a* 44, AE-8* 84
o fingerprint 75 b UNC BB R ORER %
FLiboThs. AE-a* 4o fingerprint &
AE-g* @40 fingerprint #Ehbb¥ 5 Z LT
X v AE-Hb A, @ fingerprint &4 RHL
g\ pattern RNz 65N B2 L EHPEHLLT
5. ki Hb A, ik + 5 2o) 7 2=
v NEEBELIZZE It X - T AE-Hb A, @
pattern TE L T\ 7 peptide BEAH & 4y
AR TVWBZ e b b 5z, A peptide
iz sk 3 % peptide BElC oV Ti, ZOMER
b I BB YL R OFE R BIERIE Sh T
w33 o (Ingramb ; Baglioni!) L3 &® %
LR EVAEBERETE. FoRRKIC
RT X o b A HONFKIRL Y
KB # LR L. AE fb 52 Lick
DHEET A bw B core Fsyo peptide BEIC
DT, EEICES B USRI BSOS O
R X O OfED b RE L B

at glicBIL T, AEfELebor L v
boOLOMIZIZEE A EEEDHD N IL D o
Te. 7c72, BT spot 1 MARBHRI A & %
BN, BETEAELAA» T, LELIE
BRTES (net charge) 38 X OMER 7 2 7 BBYL B
FEEN L spot 1 1 oT-13 Y4B 4D &
£z bhb. Spot 2 EMEKICAH BN, oT-11
YT 5 b0 LE L b, ERAFED & HE
LChEE—ET 5. 7, ol-11 4 oT-13
LEEET X VBB LRI Hlo spot (T
BELTEETSZLDER LATER bR
. b LESTHIE, spot 1, 2 X ATREY
ThbdLbE 2 b B, Spot 3 BLTIE
BT-3 LIEFEiIc X SRl prBici Bl 4 5 2%
arginine NFEEFATES L ELOND. &
7z, coreifisy AE-cysteine o CARURERST D
fBE0e X BT & oT-12a 3 L O oT-12Db
(Jones®) [fH¥ 4% spot LA BIAEP 5Tk,
oT-12a % histidine BXUOERT I /B2 E
7., «T-12b i3 histidine # &AL TV37-0H 2

oo
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(a)
AE-Hb A

©
8e
R
5
o

e} aT-4
AE- @3 Chain

Chromatography
ey

,r_,gT-(l4).|5
)

T-8
@sT-?,B

Electrophoresis

(c)

AE-Hb Az @

Chromatography

Electrophoresis

Electrophoresis L
H
(E)E-Hb F B AE- ¥ Chain
@ 2
z © = W@ -
o i
5 @ bl ¥T-16 & &
5 ® % 3 )
2 RN :
= e TN d - = ~yT-6 LJ6
S o ¥ ' S ¢
<o - - {
O . 8 - CSB ARG )
@ ] SO Ch
C© 4 W ' @
Electrophoresis - ¢+ Electrophoresis -
(d)

AE- § Chain “_4 O‘S

Chromatography

CHT-7.8
Electrophoresis

Electrophoresis

(d)
AE-of Chain
z S
=
[=%
) a0 4
] Q) S 419
: G
g «T-3; a6 (B2 )re0 @D ¢
5 «T-14 p «T-4 3™’
Q {2
-8 ut-7 -
(@) «T-1,2
O @ 3 eT2
@ur-?.e
- e

Fig. 9. Tracings of fingerprints as shown in
Fig. 8. Dotted circles indicate spotes visible only
after heating or faint spots. The tryptic peptides
are numbered consecutively from the N-terminus
in each chain. Unidentified peptides are numbered
arbitrarily as described in the text. Positive color
tests are indicated for : A ; arginine, H ; histidine,
S ; S—containing amino acids, Tt ; tryptophan, Ty ;
tyrosine, Y ; spot stained yellow with ninhydrin,
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NWERUBEET 2 VBES A spot KEHEL
T3 e 3T o g0 3 = T o peptide 23
fingerprint FicHE LT3 Z it s, R
BHELTVBLEL bR spot & aT-9 X
W oT-8,9 Thb.

B HICBLT Y of $OBE e ARk
FE %47/ »7c. AE fic X Y R4CHFA L
spot 1% 1,2,3 8L U4 Thovo. B EHD core
CEAOT I B b UNC tryptic peptide i

BT-10
Gly-Thr-Phe-Ala-Thr-Leu-Ser-Glu-Leu-

pT-11
His-AE-Cys-Asp-Lys-Leu-His-Val-Asp-Pro-
93 95 :

fT-12 a
Glu—Asn—Phe—Arg—Leu—Leu ~-Gly-Asn-Val-
104

— gT-12b
Leu-Val-AE-Cys-Val-Leu-Ala-His-His-Phe-
112

Gly—Ly_;
120

ThY, THEMRSEDLERT I B
OFEEP B spot 1 13 fT-12b TH Y spot 2 i
BT-11 L s B, 21D OFSIXIERFEO KT
R El—E LTS, fT-12a 3T I R
DB SHERR S Lz - T spot 3 IZSI T &
%73, histidine BAFFEFEL . Z i histidine
FaaskEc i cd 22 &, B X Fhistidine
EEME spot 2 BLU4AEELCHEELTVD

O THAHY. Linhio T spot 4 23 fT-10 1
ST EELDNS.

at BRIV B $Ho fingerprint EOFRLIE
BLUOMEEEZTTIOLA TV ST I BRE
FIOE M 6 H 5 & HHRELMEE R T spot X
o«T-7, oT-7,8, aT-8 & BT-7, FT-7, 8§,
AT-8 oxH Tt . BRIKBIOZEH
PEHBE «T-9 2 AT-9 BoFricfltey
5. 7maw bS5 T 40— OBEEEHBL core
I ERT % spot IXHEAIEI T 5. o
spot [ L Cld @ BB ER L.

2. Hb F + Hb A, oMk

AE-HbF £k 8 AEy Sz o\ CoREE Y
Fig. 8 (b), () 3 X Fig. 9 (b), @) 157+,

Hb A, @ a* 8+ Hb F o of g3 < [F
UTh 5T & 2RMICHERLZOI Hunt®® <
H5. SEOHFETE HbF o a OB 21T
STV OT, 77 fingerprint |G H#g
LTHI. &HLd spot OFhEERELEE
SRH B L AE-HbF o fingerprint [z
i3 AE-o® $icH3$ 5 spot DT XTHELE
LTWwBZ e iibi ot kL spot o
hﬁéﬁ®WM#@%Wﬁkioﬁﬁ7b77
T4 BB E B E LR ELOND.
FadioWic b - Tk AEHbF il
LT3 ab BifskD spot DB R bBEIC
Lz, ‘

AE-F g8 fingerprint OFEI BT, %
@ spot OF IV BEFPELFELTHLICD
i 8o fingerprint 2BEIC LTESICH

CETEL DIV TIE peptide DA BT

o7 T-6, yT-7, yT-7, 8, yT-8 BI W 7=
M)@@%Okovfm@@@lDﬁnK§$
B L7z, BATJER fingerprint J:@é?bb
B & 7 spot DFEIEERARRT.

Ask fT-4 & 7T-4 17 3 BESIrRE <
R Thdiwic AE-y 8o fingerprint Eic
HBET_RELDOTHEREL DR E» T
L L AE-Hb F o fingerprint Ficiz@v
spot CiidH 2R LPICEEL TS, Ypep-
tide 7 3/ BRECFIZ,

gr-4, yT-4 Leu—Leu—VaI—Val—Tyr—Pro—~

Try-Thr- Glu—Arg

37
Th Y, Jonesd i ,BA Bl oot gHogs AE
%4775 L3TRE O Try © CHRIET trypsin
rodbshodimsvd. L LT
grrELTEBRTwaEYy. ZOBFEAHT
bBN T UL RBROBRPE T & ThiE
7T-4 spot OYFIFHTE, FOREETS
7T-4 a (Leu-Leu-Val-Val-Tyr-Pro-Try) # X
8 7T-4'b (Thr-Glu-Arg) 7% 2{H» peptide
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BROBMFCET 2T THS. T-4a o
REHDLERT7 I 7B E LT tyrosine 8L O
tryptophan # & 7%, »OMBEE2E LTI /B
A bz, Lizad o THifE peptide &% %
HNBME spot 9 KEHELTV3LEET S
ONREOZYTHS. 7T-4b 25Tt spot
1 BRbREEEEE 2 b h 5. HELE
7T-4 OAIEM spot 1 & spot 9 o FpEIAY AL
BrLoTws0bHRE.

Spot 2 WX EHBMRFN spot D—2TH Y,
FT-2 LIERI X A PIBICHERT 5. 73
JBES e T2 LT 5L 4 DT 2
BARLICHERLBNED, ThbovFhd
DRSS LUIESHT I VBETHE 2 L 2 b
7T-2 e d 5 2% 2 T X . Spot3 iZ3k
AE ft 7 $ic b H3 3 5 peptide TH Y, &
w7 X/ ElE methionine TH B2 & BIRT.
7F gk peptide ¢ arginine & methionine
& & A 72 peptide it yT-15 DSMcE & B his
V. ZRICHHYT B A $o T 3 ) EEES E kt
REESE,

AT-14 ; Val-Val-Ala-Gly-Val-Ala-Asp-
Ala-Leu-Ala-His-Lys

7T-15 ; Met-Val-Thr-Gly-Val-Ala-Ser-
133 135 139

Ala-Leu-Ser-Ser-Arg .
142 143 144
729 histidine OXREELTWEZ 8, BLW
139 HEEOWET I /BoOBLELEETH L
E{—FL T3,

Spot 4 3 AE-Hb F o fingerprint i34 <
Zohizen, AE b b Gicdk AE L7
fingerprint |23l A HNBZ L PLERT I/
£l methionine 2%z bh 5. FT-5 BLI W
BFT-50x (peptide Py methionine H3Efb 7z
b o) R T B spot 2 AE—T g X Ok
AE-/F $ o fingerprint [t 6V 2D
L TS5 ieisTsbotELbRS. MET
2V BOEE S B L52EE T B {0 aspar-
tic acid 28 yF 4Gl serine LB Ehb - TV
B, L7eh 5T AT-5 sl Lz Y BRI 7

ETHZLb—HLTWw5s HbF BIw
AE-Hb F o fingerprint IR L d - 7=
Me LTI, 873V BOREEECRFT
Rz bBIO al-6 o spot LEET S &
BhbiFbh b, 7T-5ox 12 L Tk o peptide
CEELTV3LELZORS.

Spot 5 133k AE9F $licid Ao b,

_ core ¥4y sk % peptide L B, T

I BEIEP S T-11 &2 505, Jones®
1wk 5L93%H» AE-cysteine o CERMBE4Y
i trypsin (2 & D KGR ESE T 5 FRD
lysine O CRIFTHRHAEZIT L5,

Spot 6 Iz >V Tik 7F HEHETAZ LICX
VAN -TLBbDTT I /BRES Fi s«
S5HL0MNEv. Zofliicd spot 7, 8, 11 Bk
V12255 T & % peptide #ERT 5 2 LIxH
WTh Tz, JoEPT D AR R B R R T
T 5 spot 7 BLON 1T wBIL Tk 4 T-9 %
7tk 7T-8, 9 BXET 20 b inv.

Spot 9 IFEENC BBk dic yT-4a NEHE
LTV3LEEZLNSELOTI Oz histidine
&7 peptide & A TVv%. Z o histidine &
A spot Dffhic spot 10, 14, 16 33 X R17D v
Fh ot histidine 2ZATERY, FFAETE
b HERT 2 2 & b 2R b IC xR % peptide
LT,

- yT-1; Gly-His-Phe-Thr-Glu-Glu-Asp-

Lys

7T-10 ; His-Leu-Asp-Asp-Leu-Lys
2% 2{8 o peptide NEX Hhd. TITHE
DFz BT-1 pepetde o7 2 7 BEISI%E B 5
L,

BT-1; Val-His-Leu-Thr-Pro-Glu-Glu-

Lys

“ThY, oM SHEEFE T-1 ok

i Y kB s h . /T-10 13 % ok
& D PMERRE £ 7213 Z < b T RN kB &
habobtEZLNS. &bic spot 9, 16 B
X U179 histidine JFjfRic L L C spot 10 & &
V140> histidine iS50 BoBEEM O BT
AP BRI E® D LT spot 10 1% yT-10
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i@ spot 14 % yT-1 T3 boeELHh
5. foEIELATHELOLELZ DN
%. Spot 18, 19 B L U204 & SEEHET 5
LRI VEELREBSNDLOTALENT
»H59. ;

Spot 13 X o* $Hlc 3k T % peptide L ETEHE
LTw3b0T, 7 HERETSZLICLY
Ao Likoie, Thid yT-14 Tt s
EZz o5, FOWRIPE LTIE, 73 BES
FrhickYgS 5 BT-13 T o 130 & H otyro-
sine 2% yT-14 <% tryptophan 2B E b -
T TV BRZE, BIUOWMEBEATAT I JBOM
‘EBLLTI25FHE T B ¢4 proline 2% ¥ 4
T glutamic acid T/ - Tv3Z &, Thbb
X VBB ShsZ L, THD.

BT-3 & yT-3 7 3 /BEeAITIL 4 HFT
CHRER A DI B R, MREHD &M 1ER
BEGT, BoZhnn T 2 BREOMEE T
BB LD spot 15 28 7T-3 ki t3 %
DLELTI ‘ ’
DB LTE spot offiic, Thbox
5 B b iz peptide & LC core BRSyic i3k
T5 7112 88X /T-13 b 5. T-12 &
LTI 14 FBE DT I /BN lysine TH B D
R LT, Zhieshing s fT-11 Tid arginine
CREPD-TVAITER . H-o histidine
EEATYBZ LIRS spot 9 ICEEL
Twvahob#igans, & yT-13 4 histi-
dine &%, fCHET I /7E L LT lysine 23
HBDHRTH3H b, histidine S5 EM: pep-
tide MOVFNHCEE L THEET IO LE
Zbhb.

Hb F 38Xt AE-Hb F o fingerprint <
1%, of $HICB &7\ spot A3 spot 8 DR

BlCHBET 555, 77 HEHET S e< R

CHERTEOREIEAHATD 5.
3. Hb A, » Hb A, ok
AE-Hb ‘A, 8L AE-6%2 iz o\ T D
H% Fig. 8 (¢), (g) X Fig. 9 (o), (g TR
F. Hb F oA L FfcEr72=y volk
WMERDT, of BB L T Hb A, »oB

BEShic o iz H3kT % peptide O~ THS
AE-Hb A, o fingerprint RicBH S icHHIR L
Tvs. '

73 BEFIEBECL P HEEELR—T
BAEDCRERER TH - bD ik 0T-1,
oT-4, 3T-6, 8T-7, 5T-7, 8, 6T-8, 6T-9, 5T-
158 L 0 0T-16 Cdh »7-. Zh b D peptide &>
thc #T-6 jc i3 histidine FEEN 72\ 2,
spot i histidine K EZTEHETH 72, £
7z 6T-15 B X 18 6T-16 2% 1 {H o Hrdki i & s
spot L7 5 TV HDRDBEARDIED EEZ D

M5B, Fz, Jonesd Iz X iidW peptide fHo

WL R4 6T-15, 16 7% peptide I
RELBEv9.

AE-9%2 8¢ fingerprint & AE-f* @Hickh
Bt 5 LI CHEETHS. TORRELT,
& OMEIC L M S TmBEL DN B,
Zhlishic ot g & BEE L 2B = OINE R b

S FRThH ol 1o fingerprint &R

3 Ol ki %8 OFM s trypsin LRIV
VEHERE Lz b, trypsinic X 2L REE
23 E 720 trypsin (2R3 B BREEHE OfK > peptide
WA NSEBEIET 5 bR 5 EHE pep-
tide PIHE, REXREBLOID. T ORDFEE
Lt peptide SR A BN, ZHIZET
b oL LT spot 1, 3, 5, 6, 7, 8, 13, 14,
16, 17, 19, 20, 23, 248 X V25CH 5. L
Lz ofizid 7 2 2 BAOW & 2 T hiERE
ARER S DL EE B B bRV, A

TEME LTHBELELObEL bR,

.Spot 21X AE—F gEnPEAIc b &L FLME
CHER L2 0TS K T4 OFSBEY T h
%5, Spot4 i, spot?2 & [F#E arginine #& A
TWvBH, Ik AE 4k 0% $4 o fingerprint {21k
MH L~z &6, core i aic fskd 5 0T-
12b &2 BNS. LL, ZOBMIIERE
T ATEDICTELV 2 v 5 BEbd
5. oAt 0T-12b 3 spot 2 CEHL
Ty 5AREEL H 5.

Spot 9 I FHERHEATIED 5 B H b I
tryptophan Z&ATEY, FT-2 L X {fHTw



HiTH]

BTN v MEBEXNE VIR, ZofL
B1X Ingram & Stretton3? RRL7 X 51z, B
Sz 0T-2 ITHY T2 L OTHD OFER L &
{—FH LT3,

Spot 10 3 X 011k AE fhic & v HER Ui
RTHY, ZOMEP» BT ovFhni éT-10
YT Lo Ebhs. LaL AE-Hb F
o fingerprint {zi%, spot 10 [Z4H¥S 3 B AIBIC
1% core ¥BAICHNRT DRERT I / BRRRME OBE
BB BITTER . L) 5T spot 11 23
3k 6T-10 DffETH », spot 10 ik §T-10 23
il & 2 DILFEREMH EZ T THIR LD Db,
FEFRE SN AR o peptide I HET 3 D
DTHAHH.

Spot 12 3 Hb A, icEH OHATH Y,
DRESLIXRL VEAEFET S DT, Ingram
& Stretton3 73 peptide A,a LHLL TS
bOThHod. 7/ BESIOE»S Hb A, 12
EH THORERT 3 /B o peptide & LT
& 0T-13 LShicizA sy, Lo L, Jones
kB L ik core B4y 3k B peptide
ThY, Ho 6T-13 Bl peptide 1ZFRK &
n¥ic 6T-12b, 13 72 2 EHE peptide D%
LBe\vH, —F, Ingram & Stretton® 716
Wiz Hill & Kraus® [3R[¥AME peptide kv
oT-13 ZHE:L T\ 5. SEOFEETIX, spot
12 133k AE 4k 022 g4 fingerprint iz 3 H S i
BDT, BEOHELDONZYLEbN 5.

0T-11 13 AT-11 &< FAU 7/ BES%
H+ 55, AE-642 g4 fingerprint {2134 < &
bhisv., LaHL AE-Hb A, o fingerprint
Ficix aT-6 & oT-9 ohfifizic core Hi4rH
ROBEEE LTHBNS. 72724 peptide &
it arginine RNEFN TV BT THBER, K
HiT &2 50,

Spot 15 iXFEFICIE S Pefs Shie spot D—
DT, ¥RZ tyrosine REJYE Ehik. AE-
Hb A, @ fingerprint GiZH & 421z 2 {8 o spot
EBSTVBR, Fo—Fikit oT-8, 9 28
HEDZNIZEELT £ #EHoshsmae 2L
U7 /7 BESEET 5 0T-12a BEET S
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LboEBEbha. MOERT I /BE X Utyro-
sine & A 77 peptide [ iHE3+5b0e LTIk
oT-14 % 5. 0T-14 x BT-13 i3 3
peptide T Y, FT-13 itk L 7 v~ FMEEIE
DIRZ &, T peptide B L Licdd 5 T
EFET I /eyt methionine Th 3z & DET
Ingram & Stretton’? DR L L —FHLTw
5. i
Hb A, 0#E &5 spot ORFEHE b O
spot 18 TH 5. it Ingram & Stretton3?
PR L7ZE 9 BT-3 pAB Iz HE 3 < & spot
25 042 g4k glutamic acid %> & alanine ~ o
B O X ) R OMBECHE LS ©
Thh, 0T-3 LEETZZ LN TE5. Spot
2156 X U22ICHY T BB Ik f g4 Tk fT-
5 BXUV fT-5e: BFEL, ZOMER LU
BT I VBEORDOR T X —ETBz L
b, 0T-5 BXW 0T-5, LEZBNB. 642
EoZnhb o spot 1%, A BHicklTre<
FEBIEREVE v 5 Ingram & Stretton32)
DHL B BN, SEOFKETIE AE-04 o
fingerprint ¢34 AE-Hb A, o fingerprint ©
LYEBEOEXR LN 5T,

V. & £

A. b5 core 5y OREELEIFH
Hb o trypsin JHfbickEL, Hb 0b 5845
KR OFERAIEIEL 72528, & BT
AEMEE 75 0 0%+ % Z & #Hunt & Ingram3®
7 Hb A BV TRWZEL, Z 0% tryp-
sin-resistant core ¥ IFEA 5. % o4, Hb F
(Schroeder et al®) i3 Hb A, (Ingram &
Stretton®) 12 b [F#E OISy DD B = & B S B
&N/, fEkZ DX 57 core T4 DIEEHF
Feic i
1. Trypsin-resistant core 2538 L, Zih
% chymotrypsin C{§{b3 3 5 (Hunt & In-
gram3d).
2. Core » cysteine FEHEZE(LE = 1%
carboxymethyl {fbL, Zh%b 5 1 EREESE M
KR+ 55 (Schroeder et al® ; Guidotti
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et al.3®) .
DIMEFEPL LN TE. LALIDLIR
BRI hb, &) trypsin THKRGHE L7
e & Ik b I ERNEE - Eh
Wb, ZhbOREBELT 5B
WROX D 2BEOFEPERSNS X O ITk
ol ThBIEVTR DA core FBRROKREL
5 S-S EEoETe SH RokBich 5.

1. RFEHWEH T mercaptoethanol |2 & Y
BEL, T iodoacetate TR &4 S-car-
boxymethyl {tEH % {E 2 5 & (Crestfield et
al.36)

2. JRFEVRWETC mercaptoethanol iz X Y
EBIEL, &\ bromoethylamine ¥ 721% ethy-

@ Chain
& Chain
# Chain il B
«chain (OF B ES

- ©
DISTAL His
[HEME]

PRQXIMAL His g

H -~ HC

@cChain

! & Chain

¥ Chain

o Chain

Fig. 10. Comparison of the primary structure

of normal subunit chains of human hemoglobins.
Amino acid sequence of « chain is matched with
those of non-a chains according to Perutz4D). [];
Non-helical region, [ ; helical region, §l ; region
different from that in 8 chain, ( ); region which
has no-residue corresponding to those in another
chain.

leneimine Z{Ef ¥ C S-aminoethyl {LEH
BB % (Raftery & ColedD)

Jones® W E OFLLER Y Aht b OEF
b EF Hb ofEEHEICSA Lic, BIET
EY Hb, #ic core HIc BE 0 b 5 Hb,
OWfFE (Clegg et al3D), fiE /" v 7'V v O
Wige (Baglioni et al®), TMV E[ OEH

@ Chrain
& Chain
¥ Chain AR 2 PR,
dchﬂi" ():;:.:.: :. .-4-"._.".‘.:.‘ '.:.‘ DU ) Tttt HEMOEY ) MO

%
L

N

HC
@Chain
& Chain
¥ Chain
14§ of Chain

Fig. 11. Comparison of tryptic peptide maps of
aminoethylated normal subunit chains of human
hemoglobins. Scale is the same as in Fig. 10. Co-
mpaxison based upon the three criteria : (1) electro-
phoretic behavior, (2) chromatographic behavior
and (3) specific amino acid staining, of each tryptic
peptide. [, [, () ; of, Fig. 10, ¥ ; peptide bond
cleaved by trypsin, @l ; peptide behaving identically
to that of 8 chain by all the three criteria, & ;
peptide behaving similarly to that of £ chain by
two of the three criteria, # ; peptide behaving
similarly to that of 3 chain only by one of the
three criteria, & ; peptide entirely different from
that of 8 chain. Figures inserted show the serial
number of tryptic peptide from N-terminus. 12 a,
b represents an additional cleavage at aminoethyl-
ated cysteinyl residue.

~
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3¢ (Tsung & Fraenkel-Conrat3®), 7 2 {5
RAENBERHRLBEREZ ATV S,

SEIOBIZRICE T YE{ER FVv core I
5 DREFE Bz s Tz, AE fhicBELTit &
Y 357 ethyleneimine %M L7-. AE {b
#EY T cysteine Dffilz peptide ® a-7 I /
BN lysine @ &7 I ) ENBE LT
7\ Z Lk Raftery & Colel® |2 X 3Tzl
EERLTVS.

B. Trypsin (¢ & 37k 53

BT typsin 2 X BAVKSMRECE=
WY OFHERDB. Zo—oi3 pH-stat %4f
AT 5HETRELRAEL © TH D, fuk
NH,HCO,~(NH,),CO; #ZERN THIL 21T 5
FEThB.

pH-stat % fEHT 5{ELFETRERBICD
72 B DA, electrode plug Xk b KBS
e KClL BT TR 37 il % 1%
LTHERETE Y, fingerprinting 21778 57
BE, BRUKB)HMICERS tailing & 7§
BENYH 5. FrofmEa s 2 bicER L
THEICHEEL LY, ME ORI L
Vo Jo b 2 BRTERLE LTS LRI RE
FREEZTRERD D, Lk TRERER
LT, BRHEERD 2 < L 1%t
pH-stat ZFEHTEL VL DLEL BN 5.

—J5, 02M NHHCO, #ik % EH+ 5854
CITHILIRA Y & BEE T, NHHCO,
1z NH; 8 X CO, DETER|ICHREENT
L% 5o CHEEMEAK L% fingerprint kT
O tailing 2LEETHZ LN TE S, BRI
HEORB #HLT 3 5AICIERICERER
FEBRTH .

LRI LTIk Fig. 6 2o b bhd k
DK 2 BE CIRIE R HEIL S TV 5723,
BlEfEB L7 A h VBN 5 ETfF
5 o7z, AEMER L trypsin T3 JEBRREE ©
chymotrypsin DJGYed, ZEE L, 4~ 6 FfERE
TEEHie.

C. Hb A, Hb F xr ot Hb A, ok

Hb A,, Hb F X Hb A, 2#EK+ 5%

PTaz=y bOT I BEIET CIRERSH
Tv5. Fig. 10 13 5* #4073 /BEEL
OYV Ta=y bOT I BELL OFELMR X
UHEEREE R LICL 0T, 73/ BEL O
iid Perutzt o f oz Lizd 5 7. —JF54HE
DEBRIC X Y fingerprint kT A bR T FEIEE
BXOFMEMNS Fig. 11 1R+, L 5 T
Fig. 10 37 3 VBEMTORETH 5 Dickt

L, Fig. 11 1% peptide BfrToOHETH 3.

MREERLTLHLNEL ST I /R
B ¥ OFEE O % & h B peptide i3 fingerprint
LB THHERELL, 73 B0
L7z b Tl fingerprint T b EFELL L2 BE R
BT B, 7202, 7 BERIINERIC XL
LT T % @ iz lysine, arginine 35k Ot
cysteine DWFINTH %7291 2 {H Dpeptide
L it 5 eBAicix fingerprint FTIE—REL
WHEERTL 2 B, ZoEEREETH
1%, fingerprint Fik B EE 0 1 ki O &
W+ 25 ETHBEEREFETHH LA L
<hh b,

BAEE Lo VYT 2y FERETS
& (Fig. 11), B & FHEWE R RS Vb
W % basic center LIfiFh % distal histidine
(@ #4713 No. 58, 9 a $c1% No. 63) fFT
Td %. fiiJ5 proximal histidine (o $4 1% No.
87, 3k a g4cix No. 92) DJE LMo peptide
OESF T T 0B E L. Tk
boNLEEOT I BESIEOWHOT 2
JEBEFE D LE L VEEIME SR . Ingrami?)
WD a, B, 7 BLU 0 $IIH 6 [EERTIC
JRREH 78 oA 7w U U RRBIER R DR R L
AR & CHET 0B LR X 0 (L
LTERbDTHBLVH. ~LEEDT I/
BRECS, Bkic basic center & IRITh 3E4y, IX
RHIMIch7 D BAERS X BB b8k
BEIhTEhbotEZ LR B, LehoT
Hb oMtez s+ % L CRIERICEEREA
ThdLBbh3.

~LEEOT 2 7 BREF OB 0T,
PeBRRE B T U 2 R T BRI — IR~ o
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DEFIZE LTI vh YD core ¥y  peptide
ThB. 74T o7 fingerprint T,
AE-cysteine 0 CREG TSN BEHLL £ 5
TARVEMNIRD Bpic, 73 /7 BEFRFET
ThHhoTHESHEEAEBHL T2 DDH
B LicEBELETTR B

Ehi—MEIcE2 52 Lk, &\ peptide
12 EZ OFEBMERKTH Y, o\ peptide iE ¥
PRIBERBDODNDLVITZLTH B.
Eie, B ok A 0% BIBEb KA
TYERE LIRS, ZOHCOVTIRT I VB
BEFIE L L {—ELTWv3.

Ingram® 1x Hb 0f Y7 =2=y +oi{bE
WDL D5 EERXETRLE. - oEXRERT
ChicoT3HB LY RBRHEE L.

»Myoglobin
»as--All Hb's

i
.
90{2;@_&‘
|—72~O— »7y---Fetal Hb
BaO —»pyAdult Tb
1 N?sz A2

1. BETORBEROER, peptide $4
RIEELEZEOT I VBERIEIH L
peptide 2RtEHH &Eh 5.

2. BT OEEB L CEh L FEBICES
ERAIC X D BME 0BG TFAER SN S,

3. a gHifhoy7=2= M EEET 2
ERD B DERERIC L - CHEEZ T3
L (“conservative®),

“hbOFEHE S &z Lic Ingrami® OFfE
i, 347 e U UBEERE (F4h o)
P OELRTFOER AR SEMICL Y, 1
AR A e vEETERD, o LERER
O Hb O o BETF LS. o OBETIINM
SLLUTHERT 5 9 bic s Tcic BT 0B,
BAZEL r#ERTFEFLIERRET. UTF
FRRI BEPB L V00 HBETREAE SN S.
S LIS EELT I Lo 2 BB EEET

SEANEHT, PR TH aH{BETFII «FEE

T4 BERERRT 28N EHUTL 5.

Fingerprint |k iz Zh b OELOBIE E 5
THD L, 4BORIFF FEEHI LS
A, BRLBHLASF - EELTYS0EHL
MizagiFig. 8, 9) ThHB. 4FHORIRTF
FHOPT, a HERSEIMORY ~FF K
HEr SN L, BAFH) (“conservative”) T2
HRERRSHETVE TRV 25 Ingrami?
OFFERMSIE LidhiE, = o agfo fingerprint &
ZHR ORI Hb 0z niciE b 0L ELD
N5, Ho3fEDRYRSF R % fingerprint
DEMEPBH2 L, 7 #HP «BITRE, B #
5 $HolEIC B, ZoMIe o> TY  Ingram®?)
DOEE LR 27 F FEELOIER & X <
—E LT3 O0REAY.

V. #® &

Fingerprint :52HIC I L T DA 1355
iz > TEE Mz, EH © b Hb (Hb
A, Hb F, Hb A)) BXUOZh b EHEBRT 2V
Tazy FEHEEEL, UHMECX VEEEOH
Pl ds & ORI & HBRad L e,

L 73 @S oELEL fingerprint
FPMET L SRR L, BREOREEEHET S
iZdhiz v fingerprint HIIFRAEFETHDZ
LB 5T,

2. Hb A, » 5 Hi &7z e nfingerprint
L OBEROFTNTH HbF X0t Hb A, »
fingerprint iz & h iz, :

3. £¥% 7 =2=v b ® basic center L FEH
DUy iR ko W s PR A B R,
core FRATIC b7 Y OFERIER A B hjz. Hb
DISRE MR T 5 1T, 21 b OESIERER
BEZEC TV H O LIRS 5.

4, HEHT 2=y FORTIE o EPELHE
W7z fingerprint & — &2, F #4, B4
R NITRE, o SRR LVERER A F—
2245, ZoEFIE Ingram®® B\ 5 & 5.0C
£V Fa=y FOEREXEST SELET OEL
DIEF L X {—3% L, Hb H¥ ki aicL
725 5 T fingerprint 2% — xS
rLEZbBND.
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5. Bucci & Fronticelli 9%/ L (g L

T, Hb A, 25 0% & SBET 5 52 B%R
Liz.

iz, R SONTHIEE IR E S Lo
FHREE 5 L UCEATEECE RSO S8R L
FT. F-MAEE, HRASWEEESE L

—UBBUZ (BRI 1 AP TR L.
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Studies on hemoglobin A,. I.
chemical properties

I

Isolation and some physico-

Michio Santa (The Second Department of Physiology, Nara Medical University)
Hemoglobin A, isolated by using starch block electrophoresis technique have been compared

with hemoglobin A; in several physico-chemical aspects.
1. Absorption spectrum of A, is strictly the same as that of A, in both visible and

ultraviolet regions.

2. Oxidation kinetics of A; and A, depend on pH. The oxidation—-pH curves of both
the hemoglobins are found to have comparable behaviour to the oxygenation-pH (Bohr
effect) curve. A, has a consistently higher susceptibilty to oxidation than A; throughout the

pH range (pH 5.3~8.1).

3. The alkaline denaturations of A; and A, show no difference in their carboxy form,
but a distinct difference in their oxy form. In oxy form, A, appears to have a higher

resistance to alkaline denaturation than A;.

4. Reactive SH groups of A; is estimated as 2.3 per mole by Boyer’s p—Mercuribenzoate

titration.

I.¥ 2 & &

B —BE, FREfHER L oBAEPIC, B
P REEERCT ARG OFEETHZ L,
V“hip 2EHE OAREEME R LE U ORIE
X, EWER R & B Tl TEIBREE R
ThHB. ~ESury Hb) iconThEDfF
AL, BB X - THL M R—HE
AT L ORSOFEET 22 LARBD LR
% (Gratzer & AllisonD), EXREADPEEITH
K¥x 5w sEma Hb Ay Db, Mo
BTCRD 504 Hb A, 83XV Hb As
FET B LM, BLALBERLILT
Kunkel & Wallenius? 2 b Fo 77 ry
7 EX Bk, Morrison & Cookd |z X VY 7
Thr e METRHEN T3, ok
DYWRIT X - THIRSD OBRE, i Hb A, ©
HEERKS LY, ZoLBEENFEMICRE
SNTAER, FRRD Al (@t B4 OBE &L

* RBISIIR RIS 2 R
EE{Jfr!42’4 12)1 4 BZH

(J. Physiol. Soc. Japan (1968) 30, 337-352]

—KBEERICLTA—xnagil, BEHLE
10ERTT7 I VERRE R Bic+ 530 o 84
BREAL S0 B IE (@t 8,59 Th BT LA
5o &hiz (Ingram & Strettond®, Hill &
Kraus®). : ‘

LALI DX LT A, 0o—REENTES
IR Sh BICE 72 b0, ok ) iafksE
i b oz B2V SRR E OEWER R
MR LTS0S B2V, &
EWARBREREEN TV 50RTH S, §
Chivb AR O b &b BIRD 5 RE
EWEED, M L OERE(T D O TR
LTV E30E» ORJEIz VT, /tk=, =
PEWENRL STV 300, BICHRT 5
=z bR TV BENRTH B (Eddison et al.?,
Rossi-Fanelli et al.®, Meyering et al.9, Hui-
sman et al.l0).

D bEogicd Avhid, SERIEE A, icow
T2 OBV 7z & UM A TSR BE Rtk i >
VTR L CHT. 2TARB TR A, o3k
FEREEEIC OV TR, ETBETE OBRET
BHEREIZ >V TR B,
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1.2 B B &

A I OVERE

FEEER L L CEBERE R M 2 EFRA L
%, Drabkin!D DFEEICHE L T 0.9% AL
G 5 EgEE-EL (1,500T. p.om) FHRET.

> ofEEic CO F2r&mE LT, O, Hb %
CO Hb gk z2TiL. BBCEEOH
A F VK CHRECEMLSEE, 1/25ED
L vEMEZ TR IREREML, —&K 4C T

THEB L7 Db, 4,000r. p. m. 1555 HEELL,

stroma #[&FE L TEHARBLEE > 5. i
— BT 5 Z &7 Ltk ICiEE, stroma
BEHLER MV CERN ERL, 405%1I
CEWLCEBHARBIEE S 5. DEokoicl
| Tazlc¥Amik% Veronal i2EHK (pH 8.6, u=
0.05) zxhL T 1REENT L & bic1540H 0C
T“%ﬁ%m (10,000 r. p. m.) {7724, &
EoieFv Sy 7wy JEKEICHT, A,
OHMBERFTI - 7. 5 BYRIMIKE DA Hb jRE
X8%THh -7z,
B. Fvrv7 ey 7EKKEICLS A ©
B
REOAVA Y aF 7 v EROE D ERE
cT 5. 15kg oF v e 2 1 DA F
vkEMZ T I IERBEMT S, TREEKEL
T, EER X OEFIRE LR LT
P+C53. Zo#fEE SEHEEL, ki 55°C
- olkE 2 Lz TIREBEML, 305MELT
EEETTE. CoBEESHICSERRE L
®BH I 2FHHL, WEILTHROKTEEY
fax, BRLEZT LS vESB. ZOF VTV
tz. Veronal #&#i#% (pH 8.6, ¢=0.05) &Nz T=
T HRFy FeRE—TF—T2RHEERL, BU%E
ke A 2 T 4°C oRERiir: TB <.
Fory 7wy yEKIKENIETROML,
Kunkel & Slater!® pJFEICH¥EL Tk - 7.
EER LTS & TR 2 ERT VTV RN
13K/ 0BE W & X  H#HR L CHERERL
L, 77 UV BIRROWKEIF b L— (52x42X
lem) i Lidte. LIEH BB OBE

BIZ e TR VERS, CEeT v v T my
IRERHICET S £ T 4C DRERIKE
T 5.

WIIE DA« L ERER STy
%7 (Kunkel & Slater'?), Bloemendall®, Petz
& Economidoul®, Masri et al.l®), bhvbivix
DFOXSRCLTHRROBREZ D Z LB T
Ein., Thbb, E&2am OTE?RETHE
AV y hETEy 7B (FRV v MERR
2 cm), Mantoux $}& 072y <7 U S
#icky, 2V y FIUEYED 03ml ORIMIK
EFHEALE. Ty 7 ey 73R (B&52
cm) FECEAL, AV v bOALEIZREED
b9em OFFIFELIFIE, EbkERENI2~
1B3em OEfEER->TH25H, FEIFHEME
5. @EIEOERCT vy 7 2@EEHL,
Hb 3R 8 o, o¥& M #K20 ml (Hb #&E& 1,600 mg)
ERmMLT.

KB ORI B L, T ey s ORI ) v
FNOFME D, TRy JEREICE=— LY
— FErREE, Bet=o—VRTEHE, EEL
THEERAE B 5. IR & AR 0B
R eEE EERLOORER L. Bl L
Tik=A VRASKREBIBET O 1% KC #&
WP LTV e, RO 12134 800ml
» Veronal #Z#&¥% (pH 8.6, #=0.05) & A,
EER o KCl RHEIEER e L VDL
KL LTBV 2. BREKENIT v v 7 ZKFEiC
LT/ - 723, electro-osmosis 233EBA /L 56
WX, AR OTEEAE OF S R EmREl oz &
VR Sbem KL THZ LI X VRIRT B LAt
T& iz, PLEEERI kBB ER 2 TR

CRE (@0 T T s 7.

A, OFEE 550~600 V, 50~60 mA T 20~
22 OBBICLIVET T 5. A KHETS
SV EINEBA~TTRIBL, ST T R}
wH oL, HELTRS LA LHRDEORM
CO 7k WC) THEHT 5.

C. JE~~ZEH (non-heme protein) D4yEfE

BT AX ok, FrrrT ey 2 EBEREKE
TEEOX I LTHBELE A, 21, BEZ
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NEEROIE~LEBADRBALTLSDT, &
NEBRETIVLERS S, ZOR Oz i
DTl ~% X512 LT, BA 4 ol Am-
berlite XE 64 ##H L T A, LIE~LEH OB
P A B A 17 7 - 7. BT Hirs et al.i® o
FEEIC Liedio TR L, 15xdem ©F 7 4
ICFEHE Lo %, 0.06 M e bV v LRI
(PH 6.5) #F4iciL T 2 h LEfisETH
o ZNRIESNLEATHEO A, ZIRINL LR
PR 2 E, Ag iksEAich 7 A IIcR
BHENDOICK LT, JE~LEELEIRE F8
D LTHINT 5. KA LEE & YRGITR
TRV L7, BRI NaCl (0.3 M) %
2Bk, M Ay SRR & E T —28 i
LTK 5.

W L7- Hb oz = v o4 v (Mem-
branfiltergesellschaft, porosity<bmy) #fiEH L
TRRAMEEIC & » TR o0, 2h b o
1T 4°C oY & T 572,

D. KJFe(CN)y (2 & 28 bt ofiE

AREL T Ay X VA, B4 o pH ORI
SEMEE (0.01 M) (o3 LT —40dr Lz, Hb
W 0.1%1c 3%, &hicHyic CO ZlA
L CO MWz Uz ¥atbysi 3 ml & 4ptiliE
e GElE10mm) &b, Zhic Kle
(CN)s #ite 01ml # 0z < F B < gREREmMm
(KiFe (CN);/Heme v 1h=100] L7z, 540
my COWSEE OB{LE R E LT, 2 gk~
20 3 Ak~ L~ OERALIER & BERFTICHE L
7o, dEBREEE 23°C ¢, ERTICRER Lo
I & O IR E Lie, Il TE
R AR R (SV-50AR) ZAEH L
7. %t ©o Ferri-Hb o 3—+ o MEER®
HCEHRE SN D,

—E" :EE x 100=Ferri-Hb 2,

7751, E, 1% KFe(CN)s s CO-Hb
OWHETH B, = ok, Hb %k 3ml
stLE#EE 01lml ¥ 5729, RIERMET
o CO Hb W 3/3.1 2L @ & L
7o, B igEmntg, FEEt T o RUSEIR O

WEEETH D, E. 1324 Ferri-Hb b7
FE ORI Th 5. RISKTH, SbIchR
» KFe (CN)s Fiskz ol L CUEE 02 ko
B EERRER L.

VE RS — IR S o Lt
o EFhid,

ORI T 5. 722 L Co 1R 0 T
Ferro-Hb #prv C, XEmmNE, Wzt T
o Ferro-Hb & Th 5. k1T SURHRE T
5B, 2T, log C/Co At ikt LT
By M5 L, FOREKROENED & SUGTHREEE
() kw5,

E. 7o UZEMITHT

AUEE AL B RO Ay B4 % 02 M NaCl #i
Rt LC—wER L, Hb JEEEs 0.1% & LT
0, %3 k8 CO Bz >\ T Jonxis & Visser!?
DAY HEL 7 v U (0.1 N NaOH)
EVERGHL 2 7 LTz,

F. BOsE SH 3 ofle

Boyer!® o JFiEicE L CilE L. Hb %
i3 0.2M NaCl #icxt LTl Lz 441x
10°M ook 1ml i L. Hb jREE s
T oA MNE S E BRI &Y 4R 68,000 8
LCHH L 7z. PMB (p-Mercuribenzoate) i
Boyer!® oFUffic L7z TH# L, &R0
LY — AR L otk R R (0.05
M, pH7.0) TR L7z 1.62x 107 M ik L L
Tz, 7, IR B VREES 232 mpe T
DE MRS 169X 10 12 X DEHE Lie. HI
vk pH 7.0 BEESMREEE (0.05M) T Tk
250 mp CIT 7.

. # ES

A, Tr7rT ey 7BREKEHICES A ©
Gy

Plate 1 &5 v 7 v 7 vy 7 EBRKEAAF —
vol@EERT. ZhARBHALM L X 5 I,
A, 1 A XL EOSBENNS L (L
5T A XD EROBREREI/NE ), R
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At Az
&
(3)
= ! ! G ).
origin A Ai As
Plate 1. Electrophoretic separation of Hb A,
on starch block. Veronal buffer (pH 8.6, p=0.05).
(2)
-+) .
+ —
pa— A,
“— Az &
(n

awmme OF iGN
Plate 2. Starch gel electrophoresis of isolated
Hb A, Poulik’s tris—citrate-borate discontinuous
buffer system, benzidine stain. (1) whole hemolysate.
(2) isolated A,. (3) isolated Aj. Fig. 1. Densitometric tracings of glycerine—
soaked gel strips as shown in Plate 2.

Table 1. Purity of isolated Hb A; and A, as determined by densitometry of glycerine—
soaked starch gels.

Whole hemolysate A, Fraction A; Fraction

Sample No.

A % Az % A1 % Az % A % A %
1 97.8 2.2 100 1.3 98.7
2 97.7 2.3 100 1.4 98.6
3 97.4 2.6 100 1.0 99.0
4 97.7 2.3 100 1.5 98.5
5 97.5 2.5 100 1.2 98.8
6 97.6 2.4 100 —— 100
7 97.7 2.3 100 — 100
8 97.5 2.5 100 —— 100
9 97.7 2.3 100 —_— 100
10 97.6 2.4 100 —_— 100
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Fig. 2.  Visible and soret spectra of CO Hb A; and A, as isolated by starch block
electrophoresis. @—@ : Az, O—QO: A
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Fig. 3. Ultraviolet absorption spectra of CO Hb A; and A; as isolated by starch block
electrophoresis. @—@ : Az, O—O: AL
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Optical Density

ZEH—~ESw v A BT AW (1)

. 0.05M 0.05 M
Phosphate 0.05 M Phosphate £0.3 M NeCl Phosphate 0.05 M Phosphate +0,3 M NaCl
. h 1
12 b ‘
! 2.0F
1.OF 1.8F
1.6}
0.8 %‘ 1.4}
(9]
[ =4
8 1.2t
0. -
6 8 1.0
=
‘ G o.8
0.4
0.6
‘0_2 04}
0.2
[¢] o]
10 20 30
Fraction No. Fraction No.
(a) tb)
Fig. 4. Chromatographic separation of non-heme protein from Hb A, and A, as isolated

by starch block electrophoresis. @—@ : O. D. at 280myg, O—O : 0. D. at 420 mp.

{a) CO Hb A, (40 mg) was applied to 2x4 cm column of Amberlite XE 64 equilibrated with
0.06 M phosphate buffer (pH 6.5). After complete elution of non-heme protein (first peak),
Hb A, (second peak) was eluted by raising salt concentration. (b) CO Hb A; (40 mg). Same
column conditions as (a). Notice no presence of non-heme protein.

Q.8

.z.‘ 006
‘@
=
04
[}
©
2
a
& o4
0.2+

280 300 320 340

Wave Length. (my)

240 - 260

Fig. 5. Identity of ultraviolet spectra of Hb A; and A, freed of non-heme protein.
@—@:4, O—0O:A.
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S LT A EGHELTY S, Z o4l
7o A BHEE B L%, o TR EE
fE% 3 > Poulik!® o REGHEHRICI DT
T VEBRKINC T, R F YL E R
EZ LR Plate 2 Th 5. HEEL7 A,

<« non-heme
protein

(1 (2) (3) (4)

Plate 3. Starch gel electrophoresis of Hb As.
Poulik’s discontinuous buffer system, amido black
10B stain. (1) Whole hemolysate (destromatized).
(2) Hb A, freed of non-heme protein by chro-
matography. (3) Hb A, as isolated by starch block
electrophoresis. Notice evident presence of non-
heme protein. (4) Non-heme protein as separated
by chromatography from (3).
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A ERBMREEICED BICEBES, WMo T
Eﬁmm%ﬁ& AT E B b h B EHIZIRIE
Ay OFRILERD 72 0, KIgEOT LS s
NEIEE Tmm 2]y, o5 o @i,
7)Y o cEEL, BYEL (Gratzer &
Beaven?®) L7z # L J1ic o> € Densicord model
542 (Photovolt) {z X b densitometry #1775
7= (Fig. 1). Dens1togram g}l~‘5}3®n&k b —

Ly “OIDEREFFEE Ik - TEL T &
%L, Table 1 {z/R+ 1k 9 QAz ST HA D

AT 0 ~15% THRAME L 5 5 BET
Z\t‘b f] 7’:.
755, WFO@RMET A EHRIZEH24%

T (Table 1), X < %A ofifi (Kunkel et al2D) &
—FH LTV 5,
B. WA~ f b

TS T u ey yip b L A, # CO
LT, TSR A~RY WV & B2 & 570
mys, 539 mye 35 1O 420 mye (S HRKIRIL & b >
COMNCHEF R AT bV % 2 72 (Fig. 2).

Hiifner 74 (Ess0/Eseo)

RO DL 1230l %

> 0.6
‘@
o
@
o
3 04
o
(o]
0.2
[e} 1 1 ! ! ' 1 { ! 1 § (eVeralavatuuN
240 260 280 300 320 340 ‘ 600
Wave Length (mp)
Fig. 6. Ultraviolet spectra of non-heme protein isolated from electrophoretic Hb A,

fraction. cf. Fig. 4 a.
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z 7T, £< A1 &%ﬂ%mu DD o
Iz.

—7J5, INBBINART b VEBD
&, AL A ORI REREREZRD
7z (Fig. 3). L»L, HEEiLZ A i
DT v 7 S VERIKE) LT
Amido black 10B @A L THD }:
A, Xk ‘l)%@]f%:ﬁi/]\é <, Lrd A,
SR L CBET 23~ 2 B 0%
BEORENHLP R D55 (Plate
3. L7 o TLEOERZZ DR
FEIE~LBEARERT 2 b 0 &EBL
Amberlite XE 64 iz & V JRIEE~LTE
H OrEE AT,

Fig. 4a 2R3 Xk 51, & 280 my
TOWRNEEZJET 5 LRI HHEL
oD~ B2 bhb. FEANLE
HIZMIEICRE T2 2 L L EHT 5
DTCRBICINERET B LN TE
7z (Plate 3). 753, %R0z & 2
B, A, BRI LSRR MG
I~ LEBH ORFEE B s 5 7z (Fig.
4Db).

PEoXsicLTHifbLz Ay lzo
VCHEZ ORISR A~ FvE
H% Ll Hb offic & ZRZ 2Rk
» 51 (Fig. 5).

F T A LY ST,

Fig. 7.

log %,

10 20 30 40
Time in min. (b)

Time courses of oxidation of CO Hb A; (b)

FENLEHRTE A KOV TORERE
SR THh o, 8, T ofifk A,
DA R~ESr Y rEE% Evelyn &
Malloy?» o5 THRIEY 5 £4T 1

and A, (a) at various pH’s by ferricyanide. Hb Con-
centration : 0.1%, Ferricyanide/Heme ratio: 100 Temp.
23°C, Buffer : 0.01 M phosphate. [ ]—[]: pH 5.3, @—8 :

pH6.1, A—A :pH68, A—A :pHT74, @—@ : pH
7.8, O—O : pH&.1.

%H’Fv@% kel 7z.

¥7r, FEOXIICUTHHELZIE~NLEH
DALY P EIRDE, FIRECRAE RIS
Bt ofREE I—HL T 5. FIMETE
LRI % 38, 290 my FfiEiC Tryptophan
WCERET % L Bbh s MimEE v K ofFEER
n»ub/"{_ﬁ. (Fig. 6).

C. wm{bik
E~NLEARE A BI U A, o CO Hico

W, EBRE 23°C, 0.01M HEERHEEE,
x4 pH (5.3, 6.1, 6.8, 7.4, 7.8, 81) FTT»
K,Fe (CN)s iz X 2®fbo> kinetics #HIE L7z
Fig. 7).

FOSREEE Ay BI O AL L AEOERS
T T E» T E— KR ORI LIz 5 T
WBEZ LR B. £, BHONETEE D
PH EEEREDHND DT, ZoMOHEEL
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Table 2.
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Kinetics of oxidation of CO Hb A,
and A, with ferricyanide at varied pH’s. Ferri-
cyanide/Heme moler ratio =100, 0.01 M phosphate,

Rate constants (min™!p*

pH
Hb A, Hb A,

5.3 0.198 0.267
6.1 0.272 0.313
6.8 0.058 0.111
7.4 0.030 0.044
7.8 0.021 0.030
8.1 0.014 0.021

* First order reaction kinetics are assumed.

[
o]

n
o
T

0

i)

i

5

Fig. 8. Relation between pH and oxidation rate
constant of CO Hb A; and A,. Hb Concentration : 0.1
%, ferricyanide/heme ratio : 100. Temp. 23°C, buffer :
0.01 M phosphate. @—@ : A,,

6

pH

7

O—0O: AL

8

SBICHRT 372w, log C/C, vs.
t DARIYVRIGEE B %Rk
(Table 2), pH {z¢fLT7m v + L
THic (Fig. 8). A,y Ay bk
UL pH kFEMEZ R+ Z 203
BB, 75 bb, pH 6EETRE
HERERICRD, B, TAhy
A CRSEEIXET LT 5. &
i pH 6225 7T 0fHICBVTED
EF»EF L, LA pH o kRizx

LTk e 75TV 3.

Wiz, A, & A 2L TH 3
&, SE0EE pH gE2RIc B
THIFE OFPEEICHL, BHoHiC
KE VIR R,

D. 7ah VM

Fig. 9 iR m<, COH A, &
LA O7 v ) BRI IR
500 ThY, B E—RkK
JEORIRIC Lz, »OMETX
C—E L, 509%ZHIcEET 5 Ix
i Hb 2386 5Tdh 5 2. —F
O, HIciEi Hb & 4, CO Bz kL
T OEMERGBIIIER ICR L, Lid
FEMICHAO P ERERDB. T
bbb, A X7 A Y iRINE10R
T TIIOBUELEE LT3
LharbbF, A, TiEABK21Y%
DARBEMEA, 2B 5. %72, Al
2T CO BRI R ) E—k X
IETHBEDICKL, A ET7AHY
30 & Tl —ISERRE 2
& BHE DBITRKE { —KKE» b
ThaZ ehibh b,

E. BJ&HE SH %

Boyerl® o PMB @EEikic k %
A, BEUA; oS SH i Efks
2% Fig. 10 (257 Lz,

Hb &% —&Eic LT PMB %%
LTI &, Hb o)tk SH # &
PMB ¢ oK)z X 5 Mercaptide #
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iz X 5T 250 mp T ORNBEE FAMET 5.
2R T SH # o PMB & ORSHKT
+hiE, B PMB 2EML TS % ORNGE O
ERERONELARY, FEMRC Grh” 2
E¥5. 2oL xonPMBEEELE Hb 21
PEEE» > Hb o st SH BT % &,
Hbl1EA%D A, 13230, A, 13225 7D,
I F—Th - 7.

V. & 2

EREA Hb iz s Hb A, L i3ERIK
BB ENE & BT B 2.5%1RE O/ DFET
5z L&D TRE L ok Kunkel &Walle-
nius?. Th 5. T ORLESVIRERDP &, Bk
HbA; it A, L2 FA—0HTREELSZ LN
o7z (Kunkel et al?D). %7z, A, LRE
Hb ¢35 Hb H (8,4) E7zix Hb G (a,° %)
&L » Hybridization iz X T, ##hEn o Hb
BAW» D Hb A, LBBEEZRTCLTS Y —
v OWEEhSZ L6, Hb A, 8 Hb A, &
ol B L, FaHoRBRis Bk
ST, Thbb ettt THDHZ ERREE
M7z (Huehns & Shooter?®). X1z A, & A,

AE 250

1]

0.05

L o tryptic peptide DHELD HEE a Tl
EREEL, JHHeBVT, BEHEEDELED
3{ELLE @ peptide (2 DH BT LABHABPIT

Log Native Hb %

o

...] ] 1
0 | 2
Time in min.

Fig. 9... Alkali denaturation curves of Hb A,
and A, in 0.1 N NaOH at 23°C. O—O : CO Hb
A,y A—A:CO Hb A;, @ :0: Hb A,
A—'A : Oz Hb Al. B

[
o

1 I} !
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Fig. 10. p-Mercuribenzoate titration of Hb A; and A,. 0.05 M phosphate buffer (pH 7.0).
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&1 (Ingram & Stretton?d), # 0% DM L1
RKORR, BHLITIEOT IV BEHE b -
TEEDZZLBHLMCEN, BRICEO—K
H¥E OB % B7- (Ingram & Strettond®, Hill
& Kraus®). L7355 T, #DEARKRE 80
SHLEBE{ B 2BETCIVEREATE
Y (Ingram?®), A, o#EEIZ a B L0 HERLE
FiLI-THElERTBZ iz 5.

Fig. 11 ioR3m<, BgHe o Ho#Ev iz,
9 Ser—Thr, 12 Thr—Asn, 22 Gln—Ala, 50

C-terminus

LR

MET 120

MO |30

N-terminus
IlO

100 Qégé)

%%c
it i

SER

Thr—Ser,” 86 Ala—Ser, 87 Thr—Gln, 116
His—Arg, 117 His—Asp, 125Pro—Gln, 126
Val-Met DOIOFEFFIcAHBND. ZDXINT
3 BEHRN - OMIRLEERRE R T K
B B2 2VTIRERT 28I, EBFSERxC
L, A DRTERLS A, BHETZZ L,
OBEHDBECEZ L, BIU A, BIKH
A& Z 75 native RIREETH B Z LT
5. GE A, OBMBIT 7T ry 7BR
WENC & - 7273, Schneck & Schroeder?) %5
L O Kunkel et al2) 33845 L
TWwBZE Ay, 75973 3
U & A I IE~ 2B E DR
HEEBDIN, hFs7u<h
EOHAIC L VARERTRIA
PRELBRETI LB T E
7o BB A, B A ORTFEIX
0~15%BETHY, A b A
o DR O E T &
BLIBbDLELZONS.
~AERSIC 3T B RIREIR
A7 bV &R 5 L, HEE
A, A ZHELEREFEDT
CO Alofth O; B, FEEHUTH
KBVWTHRE—TH 3, 20
L3z Kunkel et al2h s x X

9—ASN
29—=ARG

80 Heme

g,

Fig. 11.
acid substitutions in 442 chain. The substitutions are indicated
by arrows. The sketch based on Schroeder’s scheme. (Ann.
Rev. Biochem 32, 301, 1963)

Schematic sketch of 84-chain showing the amino

Masri et all® DOFfR & k< —
HLTw5. D kb mEalE)
HHb B L T, Zo~uiX
7a hALT, TRTHBELT
% (Gratzer & AllisonD) =
LR HEZX TEREROZET
» 5. WUEAKEE, Hifner
i X Evelyn & Malloy??
B L 2HERENPOAHT, B
E/ MetHb oK ERD T,

L7225 » TSR #R® T native
7ARpE o Hb 2B 22 &
MTEeELX T, —FHK
SRR AR b vE BB LT
REFERE S FFICER IR,
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BlabhTwakoic, 300my DU &
SEAEREEIR T ORI EA R OB T X BRI
#, tyrosine, phenylalanine, tryptophan %o
HEIZ LB OTH 53, Beaven et al?) iz X
NEA~LES LAY OBECEE T 5 L
5. ¥ e, AT PERIC L > THEAHEE
W LEET 2/ BOBTREBOLLS
B YR AR MvicB ok § 5 (Enoki
& Tyuma®®) = LANRERTV S, LiL, &
E o227 FAfEicEm Ho & bR CERAT
COE) ThoBIE, ~Aid7 v b~LTHE
LTwBz L, BIOEKT I/ BOBBRORK
o b (cf. Fig. 11) 225 607 2/ BRERIT
6 %3 Hb 0BT A <7 bVICHBE
BIESBRVI LRDRS.
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7 (Kunkel et al2D). & biz, BB 4°C Tic
SEERIRE LT b % 0BKRIKEISBIE 0E W
BloETELERDTCE. FE, Ebo
2 RIRERIN A7 P vERD L, AL
s Met Hb 0RENREENRS. LT
HTIDES A, OECEERMEMES, A %
Db OOERS D TRS < (#25%), L
727 o T BABEERE TP 38 1) B AR I AR Oft
DEEz X B0k, ThE bEE A, HEDL
S DB IE OV TIREP TR, T 0%
Z oI LT, Martin & Huisman®) 238
Ee Y — # % v TRk o kinetics 2% L,
O, 81 A, 13 Ay X0 SERficR L TARR D o
HMEFL -2 EERELTYS. LaL, BfL
R OTEE OWEEE R —TH BT L b b T
LB T % OmE ORNLE & K & REZERED’D
%. ST - e ERENT T, £ OFHE
WL AR 7 bkt Met Hb oBIERE RS
LML Met Hb 0RELH»T DT Kunkel
et al2) QFfRLFELLEZ TS, 22T
Dlofiz s bicBHT 572wic, KFe(CN)
2 X % A, ORI R B L (Fig. 8, Table
2Lz s, HokiceaH itbic) 20K

% ;wiz. Betke et al30 Z&MEHY Hb o

- KFe(CN)s iz & 2 9ER(bdE DZERE ~ L 8KE

(R ST O ff BEEEEEES (dissociation rate
constant) DE R D TV 3D, = DA, —IK
BEOEN & b I BROBEDEDRRE L s
D, =OEES Hb o~ niitd 5 Fe(CN)
DESEHICESRELE L LTHATSZ LB H]
HTH B (SutindD). Lz AT, BEEaHEO~
213 helical segment F | oo N i 592%&H
» his R LAFFEARC I VBT E, BEHO
JURZANIZFEELT v %5 (Perutz et al3d,
Watson & Kendrew3® ; Perutz393). Hb o~
Lgk (2 flgk) X4FIRERSE L AERICHES T
% (oxygenation) Z LiXE b TWBEE
Th BN, Z OREFEBICRLICTIED BREE)
Bl (oxidation) #2275 = &% Brooks® X
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WLz oREEIBD TR, LN TEE
AR~ OBEHER L EM S P OBERTEL - T
BFELTv5z Ll s %, Wang et al
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LTV B3Z 8 20REATHB LY. FRED
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BEEOZ VI LEHIRT Vv % (Perutz?®
WY, 2L 5z b, A b A, OWRER LM
DEFRIT A~ 2IEEE OBUKMEIREE OB LICETFE S
5L OHERLFERETH 5. ST AT LEE
BENLE TN, ~LEES VAREICBCTE
WD b D Dk 86 Ala—Ser, 87 Thr—Gln
DHTHB. Zhd 2 OIERBIERIEPS MBI
HieBWHI5Z ik, 44 0~0085T
M7 Uik ~ ST 0B KEERE N E =
g, A, BB A XV EETEL DL
EEAnD, L L, ZORCOVTIESSI,
MR E N ALERD S L BEbNE. &
iz 5 —20FR, Tinh b Hb okt
L pH 0% (Fig. 8) 2 R.51C, 0RO
Neme LT, Hb oBFcEL A LN 5
pH kM, b 5 Bohr ZE#tc X <
PLTwsz LBAEEER S, EF, Hb 02
fligh~ b & H ZREMLTF (Bl 21X 0, CO %)
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DFEE DFEREL, gk~ L & 2 fligk~ L [H
DETEZ (B—8n) IS0 L oM
—E OETHEMRMB T EN T % (Brunori et
al3®) = b AT, Mk THKECERTH
5.

Ay 2 Ay T v VIERPUE OREED 58 6 2
CTOOENERENS. BT E o BE—RH
Hb &4 CO BTk O, Btk LB TT D
Vo pBTES TR, Ly b — RGO
KT L7eit » TEMT2EHE, 205 O,
WA, W A L, Tl VIRBUER KR TH
Y Ho—IOEOME 2 5K E LT3
BThB Bz AT VEMCETS
IR L EDL &% % 2 /% 238, Steinhardt
& Zaisers 3 CO % Hb oBZSME & 3% L,
ZOEH MR met Hb X W K52 & &G
L, ZMErpEd & LT met Hb oEpkx 5
WLTw3., £z, BATHA 2 Mgk~ 2EH
D 3 ik~ 2 EH A~ ORI ENALT o BB L
TR LNEHAEBE LT bl % £ v 9
(Betke et al30) ; Wittenberg et ald®). —J5,
Guidotti et al4D 1 Hb olussk o2k %
BRANT, 7k VISR B 5 —0
FHELTYS. ZRhicXEE 7 v s U R
BT R AR 2 b D Hb e 2 iR
BNCIRBI L, AU R & b I R I i
Wy B, OB _BROMBEPOTE B L

u?:“ﬁg —_—
e Hb Al
Hb canine w—>
Agcan
By . S e moag

=M@ 3 (@ (8

Plate 4. Starch gel electrophoresis of hemoglobin
mixtures hybridized at pH 11.2 (02M glycine-
sodium hydroxide buffer) for 6hr. Poulik’s discon-
tinuous buffer system, Amido black 10B stain. (1) Hb
A, (2) Hb A; and canine mixture hybridized, (3) Hb
canine, (4) Hb A, and canine mixture hybridized, (5)
Hb A,.
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THEITANR L, Lieds o TR o By
chodevH., &b Gottlieb et ali®
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BT B B BCR-T#5 & BOL-T &5 & b v}
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Wik
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T, —BRLRFE OB E BB s EDO T h
IZH LR T/h& ¢ (Wittenberg et ald®), H.
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Plate 4 (o573 <, A, A4 X, A LA X
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U (pH 11.2) T 6 K hybridization %4775
-7z (Robinson & Itano®) & = %, #F Cix
#9509 o hybrid 2F 0Bk E RS 212K L,
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%, Schroeder & Jones!) H &3 5 i < $475
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L Huehns & Shooter?® ¢ pH4.7 1B+ %
(Ae+Gy) IRARIZ OV T OFER L L —5 LT
Vv %. Hybridization o#JFic>vCid 40
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DIFRDE OMEFMTH 5 2 L ikEhE
v SEIOERSGHTT, A 24 X Hb Hic
hybrid 3 Fa3ERL S v 21k, A, OHE
IR 7Y Ay WWHLF R VS v T & 5R
THLOLMREN, Licdts T Gudotti et al
WORHBELC EFTHE A, 25 A Ikl T
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Lap L, @l Hb Tz oz Em 2%
LAl & T 5 (Ranney et al4®, Enoki
& Tomita®®) iz H#5 3, v Hb @il
0O, BNz U7 v 7 Y DS/ & v (Enoki
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& Tyuma®) g%, ZB4S5BICBESNRMED
Zv. O, B A, O—RNERX P B “X L7
%, RUSRER T OIROEEIC X - THRAT
LI ENTEBEN, 20X ) REEISERD
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BB Bz TEALEE (Singer et al.®%))
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USSR N A Th 501, BB H%EICHk
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5O OB bic EDJRKFERD 55

WEZELBbhs.
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oM SH Bl e EEICIE L 7= @i
v, SEZoSZBELT, PROEELNT
LEREIIELAT.
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i@ (PH 8.6, =005 ZHWT, EﬁWA
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On the application of the interval histogram for the
analysis of the microvibration (MV)
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c/sec) & 52.6 msec (19 ¢/sec) IT 2 D DUEHNEED
Hi 5. Nembutal FFEr% 3 S50 its L, b) ©
IR IRIEE L MV 32 0 REAET LK
BRGLEAD L T 5. o interval histo-
gram (R, b) 123 33 msec (33 ¢/sec) Dl i3 2B
1A LA 52.6 msec (19 ¢/sec) olgAS
HEmLTvs. HEksSs L o TR
L, bicisid 3 X 9 $EARBA»E 28 Z h
FEEFELVERRDONEY. MV L L, bo
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Fig. 1. Above : Over all block diagram
" of the polygraph and ATAC for obtaining

EEG WW.!@NI
MV B it

b teec 7138

EEG

MV

=
S

768

C

EEG o pmmrtotan/ s N Mo

MV T R AT m Il
o et

TR

A

BALEERBED % — v ERT. O interval
histogram (R, ¢) 1% R, b LiI3iERIEOEE R L
T3, PUEOEBRERICTT X 5T, HEER
Iz 2% R Lz MV o interval histogram 73
R & 0 NI SRS B i o TR SY
IS BIER 7 VIET L, FEREICRIERR
SOMENERT 2EEZT CICRAERFELT
72k 5T, MV ORI RS %, R
B E D 50BN Th D L &R
Bt 5. ¥, MV R RER ORISR
FROEBMEOBL L BEICERTH LT T
KRED SN TERY, ZhbDBEAK MV O
COFSNECEEShBZPLEVIZ LILO
THRET 2z L FERNICREECh S LR
bhad. LaL, BUERRTERLE 512 MV
DAHTIT interval histogram 1€ X % 5% A
T3 L, MV ot b O O EMERS &5
MR T sz LSRR L R W BEEETIC
BV TER TR OABMEE 22 OICIER
CEHAETH B, SBEbIc MV oEERK

—
Subject [ 1A2=]
> ,{Lﬁﬁgssl—w ATAC-01 || ATAC-104
CRT
ATAG-40! [(ADDR-RESET)
-402
-{atac-102
v
(Photo)

the interval histogram of the MV. Below :
Electroencephalogram (EEG, LO-N), mic-
rovibration (MV, r. thigh muscle) and interval
histogram of the MV before (a), 3 minutes
(b) and 5 minutes (c) after the intravenous
injection of Nembutal in a dose of 10
mg/kg. In the left side (L) of this figure
were shown partially the EEG and MV
tracings, because it was impossible to display
all of 999 vibrations necessary for obtaining
the interval histogram of the MV. In the
right side (R) of this figure were shown the
interval histogram of the MV, whose an-
alysis time is 250 msec. The calibration
shows 50 £V and 1mV in the EEG and
MYV, respectively.

b OIC BRI E I IC 2 CREICIRRT T 30 %
HhTh 5.

ZOMDRD DT, BALELERRSH/IE

EER OFTREIEE S L CHE BB L 2T,
X Ak
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Induction of hemorrhagic lesion of intestinal mucosa by
hypercalcemia in adrenalectomized rats

Tokuro Fukuda and Nobuko Akagawa *

Depertment of Physiology, Chiba University School of Medicine, Chiba

It has been reported from this laboratory
that rabbits and dogs became extremely suscepti-
ble to intravenous infusion of CaCl, solution
after adrenalectomy. Specific anaphylaxis-like
shock appeared even in mild hypercalcemia
which did not disturb the cardiac function.
That is, the vasoconstriction of the pulmonary
artery in rabbitsD and the histamine release
from the liver in dogs? determined the lethal
course in each species. Thereafter, it was also
observed that in guinea-pigs asthmatic respira-
tion and pulmonary emphysema was induced
by hypercalcemia especially after adrenalectomy
(unpublished data). In extension of this series
of works it was intended here to examine
whether the specific anaphylactic reaction in
rats, i. e. the hemorrhagic lesion of the intestinal
mucosa®) could be induced by hypercalcemia in
adrenalectomized rats.

1.09, CaCl, solution was given intraperito-
neally in an amount of 2.0 ml per 100g body
weight both to intact and adrenalectomized rats
weighing about 150 g. Adrenalectomized rats
were maintained by giving 0.7% saline solution
as drinking water at least for more than 4 days
after the operation. The serum Ca concentration
was raised from about 9 mg % up to about 18
mg % within one hour and then gradually
declined. This was the same both in intact and
adrenalectomized rats. All of the adrenalecto-
mized rats died after about 2 to 3 hours, while

* TREEES « F)IEF : TERFEFLE 2
(Received for publication March 4, 1968)

809% of the intact rats survived this dose. Even
intact rats could not tolerate twice the above
dose of CaCl,, which elevated the serum Ca
level so high (about 30 mg %) that bradypnea,
bradycardia and cardiac arrest ensued. The
autopsy findings of the adrenalectomized rats
were quite characteristic. Intense hyperemia in
the small intestine was accompanied by partial
or total hemorrhagic mucosal lesion, blood and
mucous being found in the lumen of the gut,
just as the case with the anaphylaxis in this
species®. Such lesions were entirely absent in
intact animals even in the lethal case. Thus it
became clear that in the absence of adrenal
glands the course of calcium shock was accel-
erated by the intestinal complication. It may
be mentioned here that the results were the
same even when non-irritable calcium gluconate
solution of the same calcium content was given.

In order to elucidate the mechanism of the
increased susceptibility of adrenalectomized rats
to hypercalcemia the effects of pretreatment
with glucocorticoid, epinephrine and others
were examined. The results were summerized
in Table 1. Glucocorticoid alone did neither
prevent the intestinal lesion nor improve the
survival rate definitely. Epinephrine was effec-
tive in preventing the intestinal lesion, but was
unable to recover all the animals treated. When
glucocorticoid and epinephrine were given to-
gether all survived the Ca injection and the
hemorrhagic lesion was absent. Thus the in-
creased susceptibility to hypercalcemia after
adrenalectomy in rats was found to be due to
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Table 1. Hypercalcemic shock in rats (1.0% CaCl; solution, 2.0 ml/100g body weight,
intraperitoneally) :
Conditions Total cases Survival Hemorrhagic lesion
of intestinal mucosa
Intact 10 8 . —
Adrenx. 12 0 +++
Adrenx.+ Decadron? 12 2 +++
Adrenx. + Epinephrine? 12 5 —
Adrenx.+ Atropine® 8 2 +
Adrenx.+Deca. & Epi. 8 8 —
Adrenx. +Deca. & Atro. 12 6 +

1) 2mg i v., before 1hr. 2) 10~20 gg i. m., before 5 min. 3) 0.2mg i m., before 15 min.

the absence of both the cortical and medullary
secretion.

It was remarkable that epinephrine was
quite effective in preventing the hemorrhagic
lesion of the intestinal mucosa. Some protection
was afforded also by atropine, suggesting par-
ticipation of cholinergic mechanism. However,
bilateral cervical vagotomy did prevent neither
the intestinal lesion nor the terminal brady-
carbia. Direct observation of the intestine
through an abdominal window revealed that
after the Ca injection intestinal movement was
inhibited, but later with the appearance of
hyperemia and hemorrhage in the mucosa
vigorous movement set off.

In summary the results of the presnt ex-
periments on rats would give a further support
to our working hypothesis that the specific
shock organ might be susceptible to hypercal-

cemia in the absence of the adrenal glands.\
However, the main cause of the increased
susceptibility of the shock organ in rats to
hypercalcemia was, in contrast to rabbits) and
dogs?, the lack of epinephrine secretion. That
the target organ in anaphylaxis is different
according to the animal species has been vari-
ously interpreted. Further inquiries from the
above view point would be necessary, since
the role of Ca ions in triggering various kinds
of biological activities has recently been recog-

nized as the most fundamental one.

References
1) Fukuda, T. and Ui, J. (1967) Jap. J. Physiol. 17,
589
2) Fukuda, T. and Enjoji, S. (1968) Jap. J. Physiol.
(in press)
3) Sanyal, R. K. and West, G. B. (1958) J. Physiol.
142, 571
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AR BEFI4242 9 A238 AT 9ME3045 X b
L& ME  KRAFITERE KRRKEESEIE R MREEIE  HHEH

1. GEESSED 2, 3 OHE

WWOH= (BRKE 2 4£31)

IR D — E ORFHAT, BHTEHR $M%LT%&
(WD DB SHBT B &1, XLMmbhT
W5, EET Flaxédil AR RTLL 7 5 o K1k
Z, UHIE#g: (biparietal hump=B. H.) 734 <
HHT 52 LR L TROERZI{TL - 7.

JAFTRE 2 U7 Flaxédil K@iz Av,
FLE, R, EE SO AT L.

B. H. k)4 % Flaxédil Lg% 5085, K
RSP RS O T = BT L7z,

1. B. H. &0 2 #ik, £7EbbaEo
MMETH B, B EERSET D b D 2%
<, 8 100~500 msee, JRIENL 0.5 mV izi%
T%. B.H RZEFRKET, A5~APO D
Tho 2 RELFEHIND.

2. Flaxédil -k&E#% 5.« B. H. i3iihnL 0.5~
ld&iki%hinﬁxf,&mu-ﬂ%%

IR 5. 2o, B H. 3 Ed T iRE

Téﬁﬁ#&%
3. ﬁ’?ﬁ@ Flaxédil #4%/5 L7-35C, g
OEFEERM T X - T B H 255 T52 &3

TE5, k_hkbiEflkV HIRFTE ORI D -
EREITHB. T T TEHERIN B H X
w%~m@-mﬁﬁm-%mmm@a@,m%&
KHHET 20 EHLLTEY, ZhSMERR
—DRADHDEFZ NS . g, IEETEE
ROFRCE, B, H @i Sha s, s
X o> THIBINBZ LD 5.

4. BRBESHFRMEZTRT & &2, T2
BOBEIRIC X 5T, Wb 5B “cortical activa-
tion wave” (Calvet et al., 1965) »SHIET5. T
NE RIS % S & 5 DT, Ed
[T APO ¥R FN IV BEHFEVTL - L HK
ELEHING. TOWE, BRI UERRE
RE»L, B H. L ORBNE—fRCHE 8 T 7
V.

2. PIRETIRR & ARMEEORERICOT

(53R FIRXAELAHLELT

RIRFEEL - AFRIET - mEET - Mea b (3
VEIR K 2 2: )

WD 25 E, PIRESBSLBEEDLO
BEHE R OWTRET L.

JEFRFR D 7 3 F 2 i E A 2EE W W%E L, Sawyer
DFERNIT LTz d3 WK D mucl. ventralis ante-
rior (VA), nucl. centrum medianum (CM) 3 X 08
PRk (RF) BB R RIA Lie. — 7 k1755
WA U7z balloon ONTOZER%Z, HitRkeF
s hdic X D BRI E 2, Bk EHic B AR
L7z, Eli o RFEscE B 2 7, PixiEE)
DL EFGCHERR L. 2 SNk
TWIRDOTELTHS.

1. SR+ 2Rl & BEER Ok L
DORITDOWTIRET L2255 8R, VA .CM @ 3c¢/s
Hlligchd spike and wave DIETIT L EES)
CIHMEES RO A Bbich, 8c/s Fh Tl
recruiting response DFEHITLE S T, VA TR
HEENRDHH, CM TRIEEDEH DN B &L
WORb 555 L PFREERD NS L33
birsic.

%7 VA, CM @ 100c/s Hlifcix, DR
Hfsras 3c/s L2 8c/s Flifa & T 7% o 7o ERAL & 4]
—HRETdD - Th, MRS RbNEZ &
DTz,

2. RF @ 100¢/s Fligic X v, B EEER
TEAZEHL B & [EMT, e MO R 3E R i
WIRAEED Bz 25, T OMfshEE  adrena-
lectoym 2 X 0 (] BEE T T e - 7c.

3. RF #liic X 2 158 EE) MG T,
vagotomy X HEELED LN, 72, Lk
%org®mﬁ%%kw,¢%@V® NES 3%

bDEEZDND.

4. RF Rz & 25 ES MBI, A
AR DB X DHERT B 2 La3FH bhic.
L7kt » T OINEBRMAR IR DRI X B I5EES)
OIEEh R, NEMEEZN L THEbIEbD
LEZLND.
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3. 4007 x VEEIEHTERY VKB
BoFE

SRS - BB (RBRITRE 143

AU Vo SIR DML 2\ TURIB H ORI R D
MKz e in v, K 1A VREEREL Nat 1
FVIREORVWT EPHREIhTWS. Tl
Eo MRETBWT K 1 A VIEER RO X85
=47 r7 3 vEM MP) BEHCERITSZ
EBHEINTVWES. ZOR VvV SO E
MP DR EFHAS D, £HEZAWVWT, BExD
HMKE S 5 7R THE/NEDOR Y VIR BT
BLECXORA 0 T3 VENBEDL S TE
N =Y/t 4 Nl

FiRe LTCIkml ~2 ¢ OM/NER % B »
T, WEH/INEBNX D <17 w75 VEREZEHL
BHEL, CHRALRKERADON I Al =2 —
U (GEEmAR15~35 1) HBES 0.1~0.3 gl KL
HETHEA ORKOWRIEATHE L& L D,
MP 5 X0 X 5 (bt 5o &I, 7k
DOEERH551C 0.001% BEDAFLYTY =
—BRAL.

120 mM KCl #Cri: MP Ok X 333 LA L
ZLLswvs, ik NaCl #¢iz, MP ob§
AR LNG . SR T3 %3k NaCl i
I e2BEDODX v MP OB & b5
B%, T ORISR KCl TS 21tk 5T
EiERLZBNS.

¥ LEDL LOEREEH VWS & KCLIETH »
T3 MP OELHBHL BN 45O R CrREE
BB ED BBV,

Ca** 4 F v iZ o T mM EE DI
MP ZZBpHbhicwgs, 20mM LR/
& MP OFABHLN, XLICEEETIIER
AR IS WA B bz,

Kanamycin, Dihydrostreptomycin D ZHI|iZ X
T MP 3/h&<#%5%5. L L Kanamycin T
T 5T WIRE (50 y/ml ) T MP AL
BWRFT D EDBE . Fiz 400 r/ml OREET
13 MP O/ 38T db % %5, Dihydrostrepto-
mycin CH[ERBEDORETCHIENR>L{HEL
AN

4, BF =1 —-OVICHITRIEERSFTRT
BoaFvEBHE (FER)

&

FEARZE) - BRRE GUAHE 1 4:28)
RAEOFR% Ringer 8Tl L Ringer 1
D Nat 080% 2 A0 DI 1 4 v TEML T
%R dH 50 LC Hlikic & 5 EPSP OB A%
HiET 5 &, FEEBALOELIFH A L wis
&, PHERMIER Ringer Jrd & & X0 40~
50mV ESEEICEETAHELR B 5. §iE

 OBEEBR LI Y B EDEORE Y >

TATELZB®ET 5 B2 00, HETLEEL
TnWEEZBNLD, LTORRIAMKA A vo
20850 ARHY, TNED B/PS WA AV
ETNTEBL, KEW A 4 vid (CoHs)pNHY
AFvokREX214) ZRVTEA L L. &
OREEY > 7 ATED 1 & v @EEEEsE o
Cat" BEIT X - CEILL, Catt jRE% 1.8 mM
5 12mM S & 5 &, BB A VD
(CHa):CeHN* (1 4 v Dk E X 212) 3BT 5
L5i5s. Ca % 18mM CHIN X & 5 &
(CHs) N (1 A v Dk& X 227) 3B#ET 5 X
S b, Batt I X 8 (CsHyNH" 134D
Ca*t 7 18mM TIHEELTVvA 30mM &
XTLBETS. COX D Catt RED
Bm& & D ICEEW S > 7 ATFED pore size X
KES BHEFE LN B, Caft T DORES
PBIREEA A VDI~ TTE T B D5, JNED
Ca*t 2% 66mM (THE fin & & presynaptic
terminal ZEHFCELMRL LTS EPSP

OVHTAAMT B &, EH Ringer tORE L

P YL (W2mM Ok & LFER). T O
HIIBFENM: >+ 7 A FED pore size 25 Ca't (T
FoThELLY Ca* BBBTH XS5BT
LERTEEZLNS. ks, EIERITEWT
4 Ach pot. DWHBEAEIERE LTHAA VD
FEYE R AT, )= 2 — v QBN S
TATROEZNEFRAERETHS. 2L, #
B==—r YV THSMITRET 552D
N5 (CoHsNH AR » T il Lig
V.

5. Nucleus supratrigeminalis D#ffIER]
[T

EEOFE - MNEE—ER - CEATETRR (ROACH AR
258 '
~ Lorente de N6 (1922), Torvik (1956) H>= X4
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REMEO Lo SRBnH 5 Lz
WEL, ZOMBEMEIN TR TSS S &
R L. RIEZ ORI OBEEILIL - &
D LTWiwngs, fFEIFIIC T © o MlERIZ
nucleus supratrigeminalis &I Tn5.

AFEE#VE nucleus supratrigeminalis ORI D #)
SRR VT LD TH S . Japim
R Ji 3% R TR 75 & CHTHINBRRS O iRl 2
LR Lo, S8R M 7oL &5, BTG
SEDATLD BT R Licimlass 1M, (i isss
EOERDOLT IS LIzd D L, WiFEicsL
72 b D56(HD 3T HHTE . Th SAHlY
#rnEn M-cell, T-cell, M« T—cell ~G#L
7z, % Mo T-cell TWE, BRMERSY 5 RC
LRSI T B RISOLE 10 & D 2R %
<, ZOMFEERIDSIER A% m 4 & &I
foato. o, ZOMNROIE#NT succinylcholine
WEc & v EicREE SN, WG LT
<P succinylcholine TV EJ i AMIE OHINE
EILL, DWTERLBEORAHEShS.

F7z, Mo T-cell OFEDHE ST OBR « I
ERRFE DT X D I 1 7o (contralateral
inhibition). = hiz)Z L, M—cell, T—cell OiFINT
SRHAES S « MBS HEE O AT X b i Sh
7.

Contralateal inhibition HS40fiJ7s B ICX 5
OPBAED L 2 AW T E s, 204 3 #ilic
33T nucleus supratrigeminalis DE{ERHFHIC &
BRI DTEBYVE BOHAIBS A Ta iR O St
Wiz X i xh bz b, ¥7c, picrotoxin ¥
WX D BAmESE T 0, o, BOHAlD Ol
MWK T B L bEZ D LY F 7 AMHL—
DOWRELTHETF SRS,

e Hik

1) W Fe e IEE—EB ¢ GTRTEER (1967) =X
MEE TRz 3315 D Crossed inhibition.
44 AL RE (AER) B4
29(8 %)

6. BREHIHIC L BAOKBKOMEFZERS
IS4 « STTAGETER (A M A
SR X 5 A DKL EHEERI,
B, BRI ERERCCIET S LI XD
BASTRETED XA, Ll

AN
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RO B ARE EOBREIE oW TR
FHEInTwinw. AR CAT 2RvAD
SH RERC X B AE HOWE AR RIC 25L&
L, OB ETORNEMXIcDDOTHD.

SRR A BT b Rin o BT, MERE
PG ENOERAREG ALY, FHEK
TEHMRARIE L. K EOBRIGEB OEIIT
VISRMRBIEHE BB A A v, AIBE- R
Bk E . W EEH ORGSR, RS
BAT—vE AL v Fickbh CAT 05| LRI
F LW, W2 N U CHRE OFEREZ 5K
haksiclic. 1EOKS5EIX 1ml &L, &
LI10Fb B Al Bk 2k & X, JGEKIT TR
T T, ThoDEID, kR EE
LT Bk OitER i &2 1) UTe . iBFERIS1340A]
yEEs, NvEE L I —F X DRk LTC.

F R SEA Pk B (BERE - R« %=~
F o SATR) AWES JOWRA A VRS L
&, BREENI AR E O R)GE EFRo 5 IiAD
FTRTEH L CROONAW LY L, TAESX
O KRNSO X DR B 2 3 & MK &
Fuiz. G 1 IR A3 150 msec T peak ETD
WEIATYY 300 msec Th - 7c. EHTEER L O
AL DU I LA 1 i D RS 0.5~
127}, peak FTOWMHIK 1 ~2.28 DK} 2 A3
BT,

X 57 2 R DR R BAT i ot
CTRIEDO AN E XHMA L. B 1 IREAIHRRT
T B &b, B2 EBSHREERIICTH D
5rBbndg. KL, BEsIOCF=—FiLX
DI 2 WD RNAS . BV s - TRV BT R

hThHs.

1. MESABCHITITIIRROD
EAREY (B 240
19374 A  E AT RS RO G 5 &
P, T TS BVCHART R L TLRS
B ¥ Tirai S mOEMELIEED bivie.
1. EXHeED On-EiL
{(Hosoya and Yoshida, 1937 Otttoson, 1956)
2. BRIt Of-EARL
(Takagi and Shibuya, 1959, 1960)
3. EAUIEIED On—TEf: '
(Takagi, Shibuya, Higashino and Arai 1960)
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ThiZ—iRiCESR EJK"HECD OB % I

T5.
4. EXEo Of-FR
(Shibuya, 1960 : Gesteland 2, 1965)
5. BLRMBGEDHER
(Takagi, Wyse and Yajima, 1966)

D OBAFED A A VIR, iR X O
BEICDOWTHEET 5.

[. 4 FvHEF

(a) On—, Off-HElDlxikT/ArxEE LT Nat @
BAE Kt oflick - Ti#gs (Takagi, Wyse,
Kitamura and Ito, 1967). (b) BEiEEEAIZ=E L
TC AL K" ORic L - TiEs. L1 T
&t & v o AR T IPSP L1358 % (Takagi,
Wyse and Yajima, 1966). (c) On-, Off-F DS ¢
BRLDA FVIBF OV ERZES TR,

I B ’

MEL PR 2 BT U BLAMA D 2 e % i X 8 7 LR IR
Tk, Mo On-, Of-FEAik XU H:® On—
BRI E DN L b h 5 (Takagl and Yajima,
1965), Ch HUIBEME,SRETHEE X B
5. L LIBHEBEMIIERETE DN 5,
I HEEs S A0 EEZ BNS.

. # &

A VoSNV AFEERRE TS L IROILEBFED
b7z (Takagi and Omura, 1963). Zh Hid b
ﬁ@&%ﬁ@%maﬁrﬁé%waubhé.

. On—d1scharge
KErE On-BALICHE
b. Off~discharge
BRI Of - RIS
¢ . Post-inhilitory excitation
BRWGME On-FEALITHHE
d . Post-excitatory inhibition
BERAGHE Of-BALT s
e . Simple inhibition
(BAHIEME: On-BAL O —F5E!
EEZD)
BRHIGEDOHEMIEE I VB ED 534
Em%@féb A VIS ADFEESZ — T
YT 2 0B8RD LRI, TRBRTHE
#EEEEJJZ DETBHAREMENPKE W L B2EZ DL,
DESVE—BEOSIMENTHD LEEIND.

=z R
1) Hosoya, Y. and Yoshida, H. (1937) Ueber die
biocelektrische Erscheinungen an der Riech-
schleimhaut. Jap. J. med. Sci. [[. Biophysics
5, 22-23
2) Takagi, S. F., Wyse, G. A. and Yajima, T.
(1966) Anion permeability of the olfactory
receptive membrane. J. gen. Physiol. 50,
473-489
3) Takagi, S. F.,, Wyse, G. A., Kitamura, H.
and Ito, K. (1967) The roles of Sodium and
Potassium ions in the Olfactory receptive
membrane. In preparation.

8. Parabiotic rat |Cis(T B IR

MAFES B FE ([EEAR 24

MERR D i 2 ME T 5 HiE b - T2 OIS
25T, BEXTTORBCOWTIRET
5.

#*hE 120g FIBEOML 1 227 % X 3 2{ERL
t.if*/7ﬂ—wMMTk$W%ﬁﬁof
KGR B RTEH « BRI o ARERETE) - #5E X
DERZIEETHTELIS5ICL, 21T T7~10
BRECHEOET L7c21E% 2 & A T Bunster
and Meyer OHEIZLicH o Thickcid v 7

R =BT RFRETE - TRV AT L —F
ot —EE T O FEEGE L TR
EiE LT, REHOBEEZEEC X S L.

NZEF-FYTNBEELRRBX VS EER
ANTERFLTEVREZER L.

34, i LER DI IETS Lie D 013245
T&D,ﬁﬁéﬁaﬁmmaf& 7.

RTEF—EDERDRRITDOWTERKT
BTARILIEIR (SS), WEEAENR (PS) DR %
LT ofi® L, R & LEARERST 57 SS»
PSo L% 5KMoi % CE LT, C/(L+R)DIE |
OFELEER L.

C/(L+R) (SS) Iifis# 1 HE X V45% %R L
LEWIIETFLCR3B% L 7 v, C/(L+R) (PS)
BHEL, 2ERCE0%, ToBLEVIC LT
50320% % Z I T\

DLEDBAETIE SS OFMAMITE & A LTk
DLOTHY, PS OREHEITEAEDO LD LE
250, WA RERER X 50 3B bhuis
.o
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9. KA« BEBOBOBMEGOVFRICDUL
T

R — « REFZ—BA (R ARAEH)

Ba e R XU NI X » TET5e bk
U1 XROWOFEMBO 0T 5%, Rk - 722
FUA VT —-YRX S TEIEL, oEoREr £
7.

1) BEMHTIE, ST ARRBTL, K
ECEELFILIANEZIDOTHNELS. 2)
LT, MHERTE, 2 ENZEREL, S
BAIRT 5. LaL, BEHOOT2RE%ET,
HHIN & S 3 W CGEATHENC B 2 X 5 7%
AR ED BTV, S)ik, =t G0
DV ENYIMEETIL, Tk 1/3 #25 % »
EBOFT H LT v )EE%%%(@,%@
B, B O FElH AT MR O 223, L5 )
CRMECSTZBET S, 5) HEEHOOT RO
WiEE LUk E S0, AMOBFICX s TELY
WEEZOSTB. Thbb, ALOBESCHERD
FTHOKNE SLWHIWLET 5. 6) Eiik IO
HHEH D, MOEMTH L NS RAETH %
Mx3&, WEOEOWE (EE » FHifle 3w Om.
E&ﬁ®$%%)m%wr%,&%of&ﬁ&%
No. Lieho T, BEOIIKREDYET
e RN N Mwﬁm%mmﬁﬂ%wa%;can
5. UL, BEONESE - YIHKES LOE
sy @%nkm,mwkTH,mﬂbtivk
SRICHT AT 5 X > 2o, 7) 1 %
DRz v, B (5#ER) figoo
FHOEWE WARIFER TV, B S EHHH
AR L7z (100~500 ) 454 B G SEL 3515
BOTHIT, RBETREANTL bRTELL

BWhFs. T UTHEIMCHEE (Y VEEHS 22 Y

F) LT, OF2R b L0 2/3 $clEL
7.

L, tichnbb holimslioo35 L 0
B, WOOFTHRICK 5T, KA « HESHIT
I 5 JIOF1E & K E S b o b img
BT ENTES.

10. (A%, EREHZEOEMEE
REEE (KAL)
RAIZR— (KERTAHE 2 4:28)

= 361
LL R 1 N
PRI BT DEEFELE

TR
SFIREZERR (BOA G AR A)
AR B (MoK 2 41
EARARW FEHE 2 48

BACAEDIEE 29, T41-746 %5

12, FEENCRET D 2L F—KIC DT
ARFHE (KIRIEE JoE)
KRB D42 — AZmX by, 100m X
[E TR DFTEERER] £, ZF15 L FDHE v; ILDWT
Swilnv; =mo,lno,
BIKATB. v, W34 — R O Folx (100
m/ ;) ORI E=k" © n 0EHicY Y,
E/t; =047 [0z 518 B h/1 S ESh s 4
BGEEms. n=1+x L

In lnv;

M
I
b‘/‘]l

BEPND. O AT X bTiRS » 754
APBEEEND v, v, TX T 3, OV
nHEDDND. EHRAE LT

s=a+blny, «a=4716, b=5.56129
L7chtoT

E=ho"=hp'@t0 o gbind

E/t = P=p@+D = y@+tatin)

dp/dv=0 ZE T v OIRIRAE LT

a+2

Umaz == "5 = 1.8385 m/ sec.

13. 2 E— REHTERHFHOEEMEIC DT
ANEDEFHFERICSH LT EB

HLE E-RNFEH - RNEF GURE 2 40)
PR S v = /ﬁ@Lﬁm%r,%&ﬁ%x
DOXFE L FESR CFEEE v) Offic—E DGR
ﬁaukﬁlﬂlkiofﬁ%éhkﬁyﬁﬁﬂ
TNE 2ARODEMTIELL CEHFE 2T % -
7o, ZOEMBIEHIR-HIl oEshrEatss, —
HEDITPTE T 50T, hhvbhid S &ic—igi
ISR E LC AROER) B %

mdv/dt =f—kw—kyw?—kgp3 ooeeererienin(1)
DESTE 7z, (1) R DEFIREBOIELELE



362 _ WF N %

W
Q/x:/glv+kzpz+]esy3 (2)
b, mEL O O=(fotdi—1/2m? TEHE
XNBEEIRIEC B B =3 /¥F —EukiET
O/t E=HAF—RHRTHATS. 2) X2k
JNEATRC X DEBFRIEBEER VT, BEERERD
Syv=v/, ik, AE—Fexr—1, Kk
(EHE) Ot X CRAREHKT D TED,
IVhHTREINZDL N2, T, ki, k>0,
k<0 X7 v, Hill o ER»SERSHIR
OB HERX & EVHIERT L.
AR CEFHERLEALT, BXo4 Y vE
v 7 BB /NIRRT
R=Ro—Ri/(T— To)—Rz/(T“ To)z """"" ®3)
% BT, THEIEHK R ORARE R 2ok
7o, TR X D1968MEA U v ¥ v ZELERE R~Ro
THETEERDOE IS,
Bl 100m 1075 2 ~10%b 1
HEm L O 5m 18~ 5m 92
FERE T 8m03~8m 34
E@mET 2m19~2m25
LFFEBER 6 m67~6mI7
TFEFHER I1m94~2ml19
JKik  100m HRE 5550 4 ~638 3
#F 100m FlB  60Fp 7 ~56F) 9

14, FEMIMERT SRBIERTICONT
FRILABHE (FkHE 1 Au)
FEORTPREMERC X > TR TN
BT L, —REREEORTIHRSERISC ST S
HDTH BN, DBFETTIHMHERCL -
CHEELZ T 5T LT TARIKE - Tk
LN TVv5. '
IBPUBERHC & - TR DT &l i il ik
T 5L, B ORI E T R MR B
LTV oonRb b5 . —EAREHAFEED
FFELTWSHLE, FEORTMDTILHE
FEBETRT. 20 GSR BREET S L SRS
LAY REEmOBTCbch /L
— RIS BvD . 55 35°C R TIEHE
B gz kg b 5 I ST GSR R
RN Z BB 0, & OBRE—REEKEO
AN T LR ET &R T .

— R IR R E O FET O IR E DS O ERIT X

= B

STEBTRZINS. 7 GSR ORBMMRE
X s TEASNAGZERILHBNTVS. T
NS VIR EME R OSSR X - TR
Bfizsnid0E bFELLNED, KHETRD
IETREE D FETE V. Tibb—REER
DR OIS BB RO L B3 545, H
EE R 2 kv GSR 2R 5 FRIC X
S TEAENS. FTE TR > REEI
U, BETLUATIRFEERG LE oIS
FTHOTEAENPA D 0. FEOFITHEVWTHAE
BRI Tz EBREL X 5. T Hilioi e
X o THHIENDDERETHS.

A ER ST O 5 D S O DN
KT O», BHDNETTTRBECHMBENTHD

e iR L QIR X » CAm B if L

DOHBTHDLDD, 5HOMTLET D,

15. #ETHREZFAE 2 RERTIE
(24 '

H#E G (KREKRS 2 £H) - EHEE IR
ESiZa82))

HEIg A v3, BEEMERRIAL T, 5K O
K, BE%R T 5 ERERFEMELD RN
BUEATIE AN EE S IR D RE L X DI E DR
BT o T RBRE L F OO~ HElE L
Fohs, MOEEEREM L% ORELREIE X
BhAERIER L. SHEEE 2SR L
BEREHIE L. Thbh, BREEHREOER
B F I TRET SN, Bk XOBET S
OEBEE BT T 57, BICERILOEHL T
FICERESSERR STy, hicfx0RER
B L7z b DIiC & B ERMBITRVS 5 X5 T5
D EERT A7 2R D0k, THILE
OB S FCET A, Ak oiERz
YO, 2D X D ESRKICERE
W5 N R L, o 2 RTl PR
EHD (ENTHS SHTHRIKZRS) 2 BT
%, FORIFEEEGHEZA L. T0X 5kl
BEEEHWT, TOEEERE LT, HER
BWREREL, FECES D ORkEE XD T
ZFONADTMEHE L CHERZINAL LTS D
DOTHLH, TOLDRWBHETHHLEID
KE, FEECREEHTRET 77 8 —HrED
FEhn R e, BETEFAL, HELE

s
.



%

ERR & ORfRE VE LT X D R T
BT, SLIEFIETEESFOREE DI
T &I,

16, REBHAEEREICOIT

BIFEE (KREAS 2 4200 « ENESE Gk
SR

I3 B IREER BRI SR —2, +
tb%&ﬁ%i%aut%%ﬁﬁ@ﬁgﬂwﬁm
T LR RBEFHRT O —i e LT, HEo—
AN BB 263 U SRR U 7 SRRl 2
V&, Wb E O X 2 B IRERC BT B EET 0%
RREZIF LT b b IMENcBlE L, 2o
HEERREC L TER LD TH 7. Lin
LED ZDIRIE, Wi c 8 pHiE ol
METS ARG A PR U SR B0 M T B RISy
SR XD L OFFEBSRE PR VM ELE Sh
5. INDOBEERZLLTHLLT5ETHLE
B EMHT PRl U, Z ok X v iRt of
ERTLS X5 int. ZOME, 20250
HHLEEI I8 0 DL % 1F DT, 520
WEONAZHETS.

S LR Z L DKEE S LT hb 0 5
U, ERTELETREEHIET S0, 7
VEANTVE~RIGALTHED—HE Lz,
HIENT 5 | & & & 4l bhvbhus s Ui g,
WRARDNT % 5 5 BURE21E, SEHHEHET 5 X
S ISAREALE B ORI R R LT, ke
FRCTERBL S5 Lt bREOHKERDITH
NICDT, E3ZDUBORAIOWTHEL,
TN X o TERZA 2708 %E DR L et
PEZME 72w,

UL Z OBEREIT AR E 4« DERS 1 i
AT SIREGHFELEE AN RIE 3 5 5 D
T, ZOUERBEL, BiCHEBOWmBEEMETX
OFETE/ B G RM O E LTRSS E/IL
Twd.

11. 4 ROLEMEIC & (T % FBEERROEY
B, &<, ERMBRKEICEELT

B c KTREL « pi 12 EDfdE - B
HE— (FEAE2HH)

Kaltman & (1966) &, 25R#E, RIS, %
REOCRBEECSH, BXO, ELIT—FAE

& A 363

T, DO 02T BB « 20T
AfLw 7. BIRFHEO TRV EE TR, s
BRAHAIE « ZSMFILE, 3 X0, VI EEM
15 mmHg UTFOEIWIZZSHOH WL, HE
S 0, WBINR « e EMTTARE . &
LT, &% fiHNTH, MIREHDBEEI N
EVOT, HWHIOR D ICIEEEOIKREDE D 3D
L7,

Divbhi, 1 X ICERNEEMKEZREC &
, TV, HENRILLIR A « ZEEEAR D%
bz 72, (1) S 4 %121k, Proc. Soc.
Exp. Biol. & Med. (121, 902, 1966), HAcs-¥#
(29, 422, 1966) (b7 ki Lisasvs, i
KiEE > < b, MoK OFFEINRE, Ktk
I, EEEEBLEL 72, (2) =2 v b —/LolhH)
MiR/T 6.0~24.8, AilifitRIE 1.5~15.0, /ZEE0 ~
14.0mmHg ¢, 3%D H w7212, HHOKD
I, EIE, S 0w S EFE ORI
2. (3) A 500~1000ml iz 7t B EBHNRIT
23.0~66.7, gkl 24.0~55.5, BT 30.0~
56.5 mmHg & L5l L7z, ZOERIFECE, i)
M& « ZEBIEAMZET, 3 HDHVISIIEFE
fiimdk b 5. (4) TEMKER (WER/(AE
1>2) Tix, 1A 1000~1500 ml i3, M
W DA B> IR IENRE & 2 0,
TR « EFREANCHS, <4 FRER 5T,

DL EDB#EE, 2O 1 2T, Lok by
W, MRENRA, WEEIRIL, kXY, ERITOH W
T, EIE, B oRESK Y. £LT,
(1) FBEC X BHiAED X vwiT, mfFEED%E
iz Licdsv, BBk /£ BHIEAIN D Fe4k, 1E A
DK, WA XCELRI~OELBELS.
Th¥z, ZOXVOLAEROEE, 2v e
—NDIVDETHOEETIE RV EEZS.

18, FRRTHEDEGHEESDEETE
Vi '

FENTFE B F-ARLTEEBREX G2
K% 3R

Guyton X - CTHHERE & h &2 AL 2
ROPCTEERREZ H T % REREHTHE
(mean systemic filling pressure, D\ F Pms & R&Z7)
DARRIT 75 B St D R CIBRIRIE 2> & R A i e 7
LED»ZRETL 72, Pms 23 F/LEiciaEw
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BRCEIRORECE WIS LK 2 5
BHCHE LB IR, HELHDE M OFIC Pms
IR SHEE LB S 2 223 HNE, LEmE
PR OMAD LIIFREThH D LEX .

FLTEBANOLEEDUANDOE PITALIT
—F BB RIT » CTHEEE Fick JRic X ) fH5En
BEREET 5 L AR EREERRD, WO
F iz Guyton ¢ graphic analysis %47 - 72.
Fibb, (@) EEk e b QR Pms 132 7
mm Hg TH 0, ZOKHERLEY wiox L TEIR
BT 38lite mint e M2 THB. (b) TC
DO+ OLHGEHIRIFRE IR LR O ER 5 R
IR W) CABL R RO .

ZDFHET X > TEREC Pms ZUTEHIRR
®, TR TRIE LN IRE & iR L7z
FER, MAOHINKY OF7 v 035505,
[EREREE L ORRPE LN,

Pms.gr. =340.8 Pcv
Zzi Pms. gr. i kol fERACRD bhvic
BRI E, Pov WIRHIREZ &3 (8
fivz mmHg). fHfEORIEUER I MBI EER
DOFEEZBLIDELER LK.

Lo RBERREIRESES A (11 mmHg) %
M TEL D EWEBRRALEE L L BEER
BT 5. £ LTIk iR (BHEF D) M,
THRED = > DEF ST F Az W TEHIR
JRESFBREFE LI 25, HRAT Pms 55
THOBIRECET T 5505483 7. Th
B DEMHE LA I W TIRHEIRIES LR 51
WM < 7o S D L B X DR ERISED 5 .

" 19, Kallikrein-Kinin 4|20 4EEE
FHEREE - #fHE - B B EERELAE
) ‘
Kallikrein-kinin SR MERTIER, BHWED
CEEHTTE, BNREEIERREOREE, HEH
WHEER Z AL COME, %E, BoSEER
AIMEREZE T 5 M E R OF R E L L
TEREINTWAS. 51T, HESTL)EHE
Byic b, kallikrein—kinin 3R 2MEiE SNES
HEBT sESF N, —F, chboEMEE
3 kallikrein % 7-1% kinin OiEME{LI X OTRE
YEIRIT X % FEI R O X D AR OIE R 25
BrhTws L Ebhs. TCic, Werle 131936

AEmAE Y V) 2 o kallikrein—inhibitor % 73 L T
W5, 0%, Webster, Krut %X DR, BT
g, Mg CRBROMENPELT S PR
T\w5. Kininase 13 Rochae Silva »319494E f##
T F OFEREDT » b, Lewis, Amundsen,
Greenbaum 254z X ¥ A% X OV i< kininase
OFET HESRD SN, L L, kallikrein-
inhibitor, kininase ZFH3 % RHRRE T4
V. R REE, BRI, RPE O kallihrein 4%
MBI oWTDIRE & Lichs, SN kallikrein-
inhibitor, kininase {->\C, %&, E/LE v b,
< 7 A O E xS ORES T, MIENTEER
=X, WEELME, (LR TANT, ROWRE
#87-. (1) Kallikrein-inhibitor, kininase /A < &)
WERRNIES A LT W B, (2) Kallikrein-inhibitor
Ve, BhEC£<, B, Biadinv. Kinase
i, AE, B, B EL, 85, Rekdinv.
(3) Kininase 3R C—HBEMCHEALTWD
28, —EAVEHIRETHAET 5. @) HEREO
kininase V3#3%y, D.O.C, osmotic shock #4&iC
X 0T 5. (5) Kininase {Efhvipld, 5570
# U HECIE#E 8. (6) Kininase v pHS DU
DEMHTHESTIE, FEPIELIETTS.

S oEIHRIE, kallikrein—kinin - FRAdoN—
¥ v EF, pH OE T X viEkEbshics
&, BT DHETER & LT, AT ER
DHBLOLEDNS.

20. BEHmEMIC LI METED b=y OB

B Rk (BN 2 41)

M/NMED £ = b= v EELEN MR B R D
TR VIR TERT A LS TV 5.
IHETZOBEFIIE 4O system THIF SN T
Jetehs, WEHEMEWE, EREFL DAL T
. TRy FFI/MED £ R b= v RIEEE
LTz OWEOBEEH L.

B X b x 74 (Toh OFikic X %) &
80% = & / — /LAMERE 5 LR BT S
b, THRFERFEL, =FL=—TN, IRR
HILA e AF 7 N7 ST T A L IC X DiE
WREEBCESZ LS . KEEDI/rRr
A A e AR — AL IEEER ST, £D
TS Y MEYIEERE TS b, MfE
Tk VIR B £ LTk D RS B AL T



o F

XBBDEDbNG. ZOZ LR ZOMERNE
7wm< /77 4 TR LRCHITEFCRT T
HARy POBRCTEEDTFET D T & HEDST
bha., Zrak/lae 22/ —L (2 1) 7
WO X T S 7ol E 2 S fE 7 < MIT
X o THEEL, FIEH—A Ry PERIRTIHMES
% %7-. Z#U3 ninhydrin B, =— PR
Thh, BEroEleEdbTtnsd.

T DRI Tl MEGT S Catt A v
HEY, o glicose ZROTVWS. ZOEH
Hc X b2 m b= viliiid glucose ZiIns 2
X THELIMEIENS . —J7, C18~22
ofafgliE (Na ) AsfvhHic damage #fn
%, Ffficer b=y, B XX IVERIHESES
ZEMBHBRT WSS, plasma free, Ca™ 1 7 v/
OFEEDO D & T e Bkl wo ek %
T, TSRS 5T &3 57,
BRI X o CTH/MRBSTG BN E L E 3 s
DIERTESE T B B A%, FLHIZEBIMENC X 5 MK
HOBWAIERDT, v o e AWEE L 72 il MRS
Cer b=yt DB EBHLATHS.

21, BZAAEMEHEIC ST 258 B 0RE)

T IE -« AFMETE - KFEE - AffE— (K
BRTITRES 2 AT

FBORRML X D BRI BEE R E )
HRTIREMPRT ML, @ 4 HEsEpanlez
Cat* free Ok L 8 TC-199 & Eigyirp©
AR LRI R M S BAM ST C g3 5 &, Miluong
i BIHER 0T A L U, RIS g SRR
W R IR B OonE b, Zhidniliom
I DR EERZERTITHRS T 5 EH 2 B, S~
OREIEMEAMIEE OBEBL GRS B L HEE S
7. @ Cat' free k5 Catt Ziim
T 5 EIFEAGH &l o AR L, v
KB L E e o L Bivie. E 77 HiaE
Fhla & s c e+ 5 &, WfiFlifo i
R OTEBE G & FERICHRHEIR D9 ds X OV DL
P& B IR E A electron dense material %3
bz, Zhid serotonin OIFTEICE R H
HEEZBNT W B P, #HEZABIEI serotonin
BHIEL TV AP EPIE b SIREHT R & HE
Thbd. IbITHikhEpmlasmihR TR
B X @fd‘%ﬁf{;ﬁ % modified Tocantins’ method = J:

jae

BT ERWBR LT

£ IR 365
DR L ThIz. 5RO Y = vl LR
12 ACD 7 CHREIRELLE L 72 ik 4> & % 7= packed
red blood cells % —s5Efi Adv, v ghiciage:
Bed F 2 0 Bihh SR AmAa 0 4% (Catt free)
&Nz (control |XZ Dfla® &E i), X
Bie Catt OfcikiefEss 10mg/dl w5k
i 1/40 M CaCly 7 7% )i X B & S pk X8, 37°C
{1 IR S 7o e 2 i
ZE Ui, SRR Z i U s Wi, s o
PR B, 0z ik s r i g o 1
ez iRz sEm O b LRk
Bz, MG IR S hie T « T Y
VHICHZE L, BBONE IR L a EH L
DTHHS.

DL D 2 & & F5 EFZAMBLVE W FLEH D /MR &
RN — DG X OER A L, FIAA LR iR
DT D 2V LA E kR c B 5 .

22, BRIESDUACRIZFTESNEOBREFET
tOFEICDIT

ERFA « FEKRED - EREELER GURATTE
KT 1 A8 .

BEHDICROMEIT X » T, R P& LW M
THER Lo 2o B LD phBE T2 L5 & 5 & i
HADULF DS IEIT 5 2 & iz, T
DYy, MEED LS5 W ORI AEIERC X B
LDTH - T, RROLEEENS EHT B L, HIK
T B B M EGEFEM RS G LT, T
P BEET B MR A v o UL R AN O MR ARAEE A
U CHl 0 0, MR o 1 5 70 i % i &
D, TOXS5kh
W SRR IS A VoS ARIZEZ B & LT
v, R, B X O TR0 3 Mk
(salt nerve & #4172 \) ARy 5z & bR
7, XSO salt nerve A SiELMEA v
UL RRTD I U TR R 2 BCIEAT B & T
DGEOMEA v AP, IR OB E IR,
ATBHTEBITHLE.

[N D K20 45T 3 X E T I IR DR
FIHHT 50D, ROBZINEICEREPER
W TEA LT, MRS TR ED X 5 R
THErEBRE L. SO LHRICETIE fistel
Z{ERL L, X5IT stereotaxic apparatus Z{f -
THEME~NTHE 2R, BFWEOEATE S
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e Lk b TRalL Tl k3
MBS ME~ERZIEAT 5 L & DR
¥R Y VIR RET D, ABERAK 0.2
ml ZRE AL TERET 5 %% control &
L, SRR EER L FMEE A U T BROEY
(Na, K, C) b0z boBRERE Lic. .

F DR, BIRMIEAEN 6 5 7o T RO
Na, Cl s EWcsgint, #925% My
5. —7, EIREAWEAOBEREIRKIEAD
BA&D L 5 dramatic 7REAE X DRRVES,
213 D ERWEA T Na, Cl OFWEETT 5.
PLEoskiE: & £ & {EEMERBCHFET S
paraventricular nucleus FSINEFIROREELELE
LT, CTXOETLHMHRA VLA -
CERERZE IR0 LEREDNS.

23. TREMKBRORIELZDMED
RS - BH AR R BHERX (W
. HRILEE A 1 A4:)

1B 72747k, Pz VE mitochondria suspensions,
bacterial cells, muscle homogenates 1 3313 % 5K
ISR B W T ASEDF L A EBFEL S,
BHRE IR spectrum V3 X SRR, L OFFRTE
LUT, AT T AESEN D 5 3, Chance
X double beam apparatus % {#\ % DIIEEDS
B OB (LT BELF I VT, optical density
DNSIEZELDOBRICERT » %5 ¢ L2FEIL
72, Lo LIRSS system (ﬁ% L7 electric
circuit, vibrating mirror 5 R DWFEFR) X EER
E#TdH 5. £ ZTABED sectors HREZERD,
7% sample cell T34 S—/L 7 F AEZERAL
. F OB, lamp 2> 5 H7238% mirrors T
257, 220 monochromators (£ D F% 21, 42)
ZEL, 220 sectors TAZ L ICHE @ X N,
sample cell TA%. % D)% photomultiplier
C&VF sectors OEEE FEILIz 22D gate T
FAL, XSCHMTENEAcD signal DER
pen-recorder “TikT 5. ZD2 DD ED 1D
. (BlxE A2) % Isosbestic point iz & JUIEER{LAY
BITH DR D2 L% RS ARk S .
zoE EZLLREL O.D. OE{LOBERIT,

4D
A4C =271
¢ de

i, 4Dy 13 24 T® O.D. Ok, de \FEE{LEY

THBH. HL, AC BIREDOE

E

BIXOETHOBAREDOETH S,

LE ORI

1. Noise level : full scale 0.025 O.D. © &
%, time constant 1.0 G 2.0x10* O. D., time
constant 0.2 ‘¢ 58x107* O. D.

2. Drift: 1. O&FT 3.0x10™ 0. D.

3. Linearity : {RIRETR
XS AEE S [ f L 7o cytochrome b ¥ X}
pyridine nucleotide OEE{LRITGIRBDOH], I IR
B ORECOWTOBEREMET 5.

24, HBBHIC LD D-7 I/ BatBEROES
+/ VR

% BRA-E 5l « FEB—ER (A 1 43)

D-7 3 /MR LB R W HeE IR 3 % &
free radical BBKINEF A E VBB AR
FTLEPHEOEELL L » THEINTV 5.
i D-7 3 7 BRBERCOERAEZTY, £
DR T B REBIN A7 PV OE(LEEF
ZE VBRI OZE LR FEETS & & T X
Yy @ free radiacl 3 D-7 3 /R {LEER D&
I F 7 VRRICHET B L L BB, FHIRHIC
oTabhiize ¥/ VEIAEEDO M Fry
AT 74 MERCE DBE SRt S5/ vV EA
g MBI d, ERRETFAE VIHBRIRO b
5bE S [—Th 7.

D-7 3 7 BRI LRERIANE X b Eaklaimnx
Lz e, Mokl Ts20TeIF /v
BT D . G- TR X 5% 3 %/ VIR
RRTi, (MR FGRE > THRED T Y
RILT 50 EED HMHETH D . KREHX
D, BFGHKE UTHEEED S 5 D DI, 7K.
77 vllgs LOMRRADSHEENRE L DN
5. DATXE D75 v RIS TRIBET R -
TWB X5, Kb OBTUMIE=F/LF 1Y
CHEARB D, 77 VENSOBETRD,
HHIIC X B v 3 % 7 VIBHR, 77 EV DL
DD SN > TEX DV EETED.

DV;/@M%%%@%ﬁiﬁwwiﬁ%EE
POETFRERINESLL, TheXFid i
5k RBB/B LN,

25, AFEBEEFWEAEC O ToHE
b B (U 2 4HD)

-
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B REEELEETREESEER

B K5 BEAM34E4 A4 B 4754153305 ~5
F540%5

B0 REA K A A s

HREE © BERRE— « B5T= « #ILIER « R
B =R - NERZ - SIS & RELz.
BIGEE " el e hB—E . EE
F-AR £-M Fo-MEESR-EFESE 17
ED)

EE

1. ZEEX D, HER424:10 B @R Tt
PRUAE S KRR EERRELHBOM L, TG
SR & DB S du e TRk SRR S AR e
Wiz FE L, WERI12A OER, ¥ 75 E ORI
BT oEHEHERESCOFERLR T, Z0ER
LR X B I S RSB ERE Xh i,

2. BELOFEH T VT, BTHELT,
E724 13 BEBEIp N AR mE A S
(v R 2y AChm@shien, TRk
FTRET LT, AEWED, FO TR ik
DWW THAEQEN AR U THEDFEBREDH
WHEZSEDIRNBEECERTSH#HTHEOT,
EFHEOBRRCESR, SEEOHMEIRTHIC
MICES X5 A6 BT, (1) MEkmE
FoLEEL, TORNEAT, RREYERE
BERIRB ORI 51 Db X 5 I LEANEE
OEEETH L, (2) £OBRITK v T 2,000
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