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Glucose-sensing cell (gastric type) ([CBA3 2 HIZE 612.82:612.014.3
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Studies on the glucose-sensing cell (gastric type) Takemasa SHIRAISHI
(Department of Physiology, Tokyo Medical College)

The present study was undertaken in order to reveal some characteristics of the glucose-
sensing cell of the rat.

Insulin-hypoglycemia or the inhibition on glucose utilization by 2-desoxy-D-glucose (2—
D-G) induced a conspicuous gastric acid secretion in the rat. Dose-response curve for insulin
or 2-D-G had a highly significant regression.

These actions of insulin and 2-D-G disappeared following ablation of the hypothalamus
or vagotomy. In addition, atropine, hexamethonium (Cs), morphine and methamphetamine
had a powerful inhibitory action on insulin or 2-D-G induced acid output. Gastric acid
output under their actions was extremely decreased in the adrenalectomized rats and increased
in the hypophysectomized rats. The insulin—related gastric acid secretion in adrenalectomized
rats reappeared following the hypophysectomy.

On the other hand, ACTH derceased remarkably the insulin-related gastric acid secretion,
while cortisone increased it tremendously.

The author concluded that the glucose-sensing cell (gastric type) exsits in the hypothalamus
and is sensitive to blood—glucose level and its sensitivity and the negative feed-back

mechanism are controlled by the adrenohypophyseal system.
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18~19FFfifi#%iz, nembutal % 7-i% ether TR
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Stomach perfusion assembly for a continuous
recording of acid secretion in the rat (rf. to text for further
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FHMHRR SR OB EEL 7 A BB EHA L
.

R EIRAESR O5E1E, FEHIRY = 2 —
vz 02ml A LR 0.1 ml oA A
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Table 1. Gastric acid secretion in normal rats
measured by Shay’s method

Gastric fluid
No. of vol. (ml) Acid (mEq./l) H
rats — . P
total  solids  total free

10 8.4 1.8 109.0 24.
+27 +09 .
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Glucose-sensing cell B+ 54

40u.iKg 80u./Kg
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70

[E—
30 min.

An example of dose-response relationship for

insulin. Three graded doses of insulin were successively
given subcutaneously to a rat (204 g).

~
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Secretion of gastricacid (arbitrary scate)

Fig. 3.
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Dose response regression curve
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y=54.35x-6443

80

20
u./Kkg

40

Dose of Insulin

Log dose-response for insulin. Each point repre-

sents the average acid output calculated from experiments
in 6 different rats. Acid outputs are given in arbitrary scale.
The straight line is drawn by the method of least squares
and has a highly significant (p<{0.01) regression.

Table 2.

Gastric acid secretion in response to graded

doses of insulin administered subcutaneously

Acid output (arbitrary scale)

Rat’s No. Dose (U./kg)

20 0 80
1 6.4 186 418
2 6.7 141 33.1
3 12.3 225 454
4 7.2 15.9 38.9
5 74 19.9 46.3
6 8.1 21.1 415

8.0 18.7 412
mean+S. D. 122 + 32 + 48

ThBH. e, M23Z201HZRL
b0 ThHB. K3izik insulin O
BRIGERER L., BREENOE
BET, ERER/NERETL O
LOTH 3. EREFITHER R
HTHE p<0.01) TH 57z,

2. EEMRELIET OR

IR B AR TINTRI#2 © insulin >
Rzt s L, R4 wRTmL,
RAEMREINNC & 5 KO pH o
2k, TishbBBMOWITERICHEE
L7e.

3. Atropine, hexamethonium (Cy),
morphine, methamphetamine, reserpine,
chlorpromazine #5458

51%, insulin 80 U./kg (s.c.) # 5
i X 2EEESW T %+ % atropine,
hexamethonium (Cg), methampheta-
mine, morphine FF#E DOEEIC >
WTRLE D D TH B, K2, insulin
DEMBE D % & & FEYBEHRD
insulin iz X % F#HE o pH OZ{L
FERThL—ALTHS. £HWiT
insulin |EERNCFEHES iz, Atro-
pine 2 pg/rat, Cs 5 pg/rat, morphine
2 pg/rat, methamphetamine 2 pg/rat
< insulin OIERIRFEA Eeeiciihl
Ihie.

%7z, reserpine 25 pg/rat DT T
X 5T, insulin DFEWOERILE
HIIER L, BRUSD 27 b #WiflS he
7.

—7%, chlorpromazine 25 pg/rat o>
FHE TIXHRRE reserpine & [RIERICHE
HRERE R, RIGOMHEL RS
iz o7 (& 6).

U EDERI B S &3 o]
ZIRIC OV TIEE 3 ITBIE LT,

4. BRRSW L fFEET & OBM%R

BHEREROEE L RIfkic, Bk
CEVBRARHE L VR vz %%, in-
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intact intact
Insulin 80u/Kglsc ) 2-Desoxy-D-glucose 100 mgiKg(iy, )
] oH
W 10
0
vagus cut vagus cut
Insulin80u /Kg(sc ) 2-D-G 100mg/Kg(iv)
e ]ZO
60

e
30 min.

Fig. 4. Effect of vagotomy on the acid secretion induced by insulin and 2-D-G. Tracings
on the left side illustrate the insulin experiment in one rat and those on the right side the

2-D-G experiment in the other rat.

Atropine Morphine Me(hamphehmmg
™
7o
lnsulm /v\‘\ /J T/v'\r
(SC) 50
Sug 5
. ey . 70
2-Desoxy-D-
as;x‘};ose ff K/\f\ //
100mg/Kg
Giv) — %0
30min.
Fig. 5. Inhibitory effects of atropine, hexamethonium (Cs), morphine and methamphetamine

on the acid secreting action of insulin and 2-D-G. Each set of tracings represents single
experiment in one rat. Doses of drugs are given in pg per rat units. Body weights of the

rats were within the range of 198~220 g (rf. to text for further details).

Insulin 00u./Kg(sc.)
|

PH
o
0
0
Reserpine 25pg(iv.)+Insulin80u IKg(sc)
{
M - /// )
]J“ 50

Fig. 6. Effect of reserpine or chlorpromazine
oo ) , on the acid secreting action of insulin. Both drugs.
J o razine igliv) tnsulinB0ulig(se) prolonged remarkably the latency (rf. to text for

%\1\( " further discussion).

e
30 min.
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sulin 80 U./kg % R T EHL, B#IRM O SR 8 ] & e 588 5 0> glucose JEEDHE

glucose JEEE%, 30, 60, 90, 120, 150, 180, BB BT 3P HEER 4 KR L.

210, 24043 HIE Lz, Insulin $E#OMPEL <V EBHT 5 &,
B, AENAEKERE OMBHIC OV TR Ee B304 CIR MU ERZE LR L, 605 RICHEE

60473 & I 5 [BIfpEE & FE LTe. EOETSRED b, Z0tk, w1805

Table 3.  Inhibitory effects of various substances on the acid output induced by insulin

Inhibition (%) on the acid output induced by insulin

Compounds 80 U./kg (s.c.)
1rg 2pg Spg 25 g
Atropine 80 100
100
100
Hexamethonium (Ce) 50 %gg
Morphine 30 98
Methamphetamine 100
. 100
Reserpine 50
Chlorpromazine 0

Table 4. Development of the hypoglycemia induced by 80 U./kg insulin injection (s.c.)

in rats
Time course in minutes of blood glucose concentration (mg/dl)
after injection

0 30 60 90 120 150 180 210 240
Control (Saline) 98.8 85.0 87.8 90.7 85.9
+10.6 +175 +18.6 + 64 +14.2
Insulin 1025 799 692 621 447 229 226 200
+ 118 =+ 75 +115 +108 -+ 89 =+ 61 =+ 58 £ 5.1

ki pH change and blood sugar level

100¢« Institin 80u/Kg sc.
pH
o 70
£ 60 50
° 30
3
20|-

—

0O 30 60 90 120 150 180 210 240 min.

Fig. 7.  Progress of the hypoglycemia and the acid secretion after the administration of
insulin (80 U./kg, s.c.). The tracing indicates the course of pH changes of the perfusing fluid
after insulin injection. White circles represent average levels of blood sugar calculated on 10
control rats at times indicated and black circles those of blood sugar calculated on 5 rats
after the administration of insulin (rf. to text for further details).



Glucose-sensing cell B3 530

ETREICRT 2681, 180 &yDIskix
R E SR S e,

— 75, 1[@E 7 insulin 80U./kg
(s c) 2HEL 2 BHEOEBOWDOE
Wik 51.04+16.6 43, # D — & ik
108.5-24.7 4%, f#{emsfs] 162.34-28.6
FTH ol (RTHER).

Insulin 80U./kg (s.c) # 57 @
glucose Ify FyRE & BB O 1FiE%
RAR9<F% 2o, K7izid insulin
80 U./kg (s. c.) #5 0 guBiyis 1 fjo
BEMIRD pH 0 ke, FEEOMm
PEME (%5 BIOFHHE) 2R L%k,

BRI & MBEE DR T OEKE R
5L, MEOERIZFTELCVE, B
BOWEIMEET LV S, i vEL
(#990%3) BEicET 5. %7z, MfHEE
DIRT AL BEBICHETT 212 b
bbb, BHSWITAEIC W Lk
®, MEFELNEEZHERL T
BRFCHBROSWNIEILT 5.

C. 2-Desoxy-D-glucose @ & fp4y
WHEH

1. A&l s oBER

2-Desoxy-D-glucose (LI F 2-D-G
L 75Ws) 66.7, 100, 150 mg/kg DA
15 CHEi+ 2 S HE & #iEL, BB
FWERE Lz (R5). 20 14)ic->
WTRERK8 IR L. K9k 2-D-G
DHE-FISHRE TR U fe. BAEE
HOFHE T, ERTRNERETZ
bhicbDThB. EREERE 1%L
TORRETHETD o7k,

2. REEMREINT OB

2-D-G O BEESWHER 1% FRIRKE
MREEI R ICII eI E R Lz, K4
AR ERR ISR % O 2-D-G o
TERERFI Licb oo 1HlL, #iici
L7 insulin OFLE FHEELCGRL
7z,

3. Atropine, hexamethonium (Cg),

Table 5.

209

Gastric acid secretion in response to graded

doses of 2-Desoxy-D-glucose administered intravenously

Acid output (arbitrary scale)

Rat’s No. Dose (mg/kg)
66.7 100 150
1 7.1 17.7 25.7
2 6.9 12.1 22.2
3 8.7 18.5 27.3
4 11.9 17.8 25.5
5 5.8 12.6 25.0
6 7.5 17.2 23.8
mean+S. D. 8.0 16.0 24.9
+2.1 + 28 + 1.7
2-Desoxy-D-glucose (i. v.)
667mglKg 100mg/Kg 150 mg/Kg

Fig. 8.

| ] | pH
m\r’“\/ﬂf " WWW" W K
50

[

30 min.

An example of dose-response relationship for 2-

D-G. Three graded doses of 2-D-G were successively given
intravenously to a rat (198 g).

Secretion of gastric acid arbitrary scate)

Fig. 0.

301

201

Dose response regression curve

y=4813x-7997

667 100 150 mg/Kg

Dose of 2-Desoxy-D -glucose

Log dose-response for 2-D-G. Each point repre-

sents the average acid output calculated from experiments
in 6 different rats. Acid outputs are given in arbitrary scale.
The straight line is drawn by the method of least squares
and has a highly significant (p<(0.01) regression.
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morphine, methamphetamine 5.0 FE
Atropine, hexamethonium (Cs), morphine,

‘methamphetamine #5 0 2-D-G O BB S WME

Alcstd 2280, methamphetamine D&

%R, insulin OBFE LFRA ERIRTH «;71
B 51iz1%, 2-D-G 100 mg/kg (. v.) 51T

2 EWaWicst + 5 LB oRE L msulm

Glucose-sensing cell B3 5H%E

L, 2-D-G ext¥ aERR» Bz & A
EEEZB V.
D. Insulin OEEROWMERL 2,
W & DR
1. TEEHHORE
EMMICTEEZIBL 2 7 v 64,
insulin 80 U./kg (s.c.) % # 5L, HBOEHE

SOWNG

DBEELEZHBL TORLTH S. L DOl 5, insulin OFBRSWMERCHT S

Atropine 5 pg/rat, Ce 5 pg/rat, morphine 5 TEREOEEL R Lc. TORBRRBERT
pg/rat, methamphetamine 20 pg/rat & kT R L. F—8ic insulin % KEEST
5L, TheE h ofhic, 2-D-G oBBaW 2%, BROWOER, ©—7 54 1530

FERZEZ B S hiz, K61k LEwED
PEE L PIEIVER %R L Td 5. Methampheta-
mine DAL, insulin (23H3 2 EHIERICH

O EHT 0T, FIHEMW L O RBRO%RIX
BRIZ L o7z, Thbb, SBEL 18l
E72g 80 U./kg (s.c.) %5 U 7z. TEESH]

Table 6. Inhibitory effects of various substances on the acid output induced by 2-desoxy-
D-glucose (2-D-G)

Inhibition ( %) on the acid output induced by 2-D-G

Compounds 100 mg/kg (i v
1pg 2 g 5pg 10 pg 20 pg
Atropine 70 100 100
Hexamethonium (C) 60 100
Morphine 30 100
Methamphetamine 20 100
Table 7. Effects of some endocrine glands on the acid output induced by insulin

Acid output

No. of Latency Peak time Duration

Group rate  (min.+S.D) (min+S.D.) (min.+S. D) (afb;fc’f:{ei)’

510 1085 198.0 483

Insali Intact 10 +16.6 + 247 + 397 114

0U. /X 7,745 BL3%E 1750 72.4%
80U./kg . R . . .
injection | Fiypophysectomized 6 + 21 4 98 + 265 +145
(s c) o 385 92,5 162.3 38.9
Pancreatectomized 4 5% 4184 & 286 + 52

* Significant increase as referred to control (p<(0.05).
*#% Significant decrease as referred to control (p<{0.001).

Table 8. Development of the hypoglycemia induced by 80 U./kg insulin injection (s. ¢
in hypophysectomized rats

Min. after injection 60 120 180
Blood glucose concentration (mg/dl) +§?Z _:{gg +zg(7)
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7y Me®vTid, insulin ##E5ic X 2858
SUAE, WS intact 5 v MoH<, 1/71C
NG 0<0.001) L, E— 2724 A0 1/2E
#E (<0.001) L7z, —F, BERLWHEMIZEH
ITHN (p<0.05) L7=72%, Zribiriiiz L
B otn (RT).

K10 4EALE Z » & TEKPIH T v Mot
4% insulin 40 U./kg ¥ X 8 80U./kg DFHEe
SWMER R IR L.

R8I TERAEHHE T v +icwt LT insuin 80
U./kg %85 U4 O U & BRI JIE
L7z T, MK T ORI ELE D 5
v FOBELRERCILERLTCS (K4
2.

L7e 5T, Edoin& B o HBRIT e
SLo> glucose JWEEIKTF I3 % RISHE O T
XV BEENLDOTH B,

2. BB op s

ENRAIHE %, Blmaskef, & 120 BEf 2 4%

BLIT Yy Mo+ 5 insulin DER RS L

Insulin(sc)

intact
Jéouikg (BouiKg

150

hypophysectomy
40U, 80u./K¢
| ou/kg ] 0u.fKg

.

LTS
T

150

Somin

Fig. 10, Effects of hypophysectomy on the acid
secreting action of insulin. The upper tracings
illustrate an example of acid secretion induced by
2 graded doses of insulin in an intact rat. The
lower tracings indicate that induced by the same
doses of insulin in a hypophysectomized rat (rf. to
text for further discussion).

7z. 71z insulin 80 U./kg (s. c.) DBEERSW
R OWEE, E—2 Z 4 5B X OEEREET
Lz. WTFhoplicB T BROWE ToE
W, E—27 %A b, P EOE RO
HEICHL, FEOEIRDORAEP o7z, &
7o, BEBAWOKNE Six, BLEBORE & KE
oz,
3. BIESIH oS

AEBROL R RIBEBINBRRIE24RFE, K&
TREMZEELE S DK 2 v TFR - 7.
Insulin 80 U./kg (s. c.) 5.1 X 5 BERSWMEH
i, BEIEgcRe<#EvLhiEd» ok,

BIEBIH#Z O insulin #5012 X 2 fpEKT &
BEIEBIH B80T v M 4 flicov T, #E
o, #5605, 1204, 1804y, ICHIE L 7z.

pH change and blood sugar level

ma/d|
130| Insulin 80u./Kg sc., adrenalectomized.
2
= 90t
* 5ot
10
0 60 120 180
min.
Fig. 11. Progress of the hypoglycemia and the

acid secretion following a single injection of in-
sulin in adrenalectomized rats. The tracing indicates
pH change of the perfusate. Black circles represent
average blood sugar levels calculated on a few
adrenalectomized rat at times indicated.

Table 9.  Development of the hypoglycemia
induced by 80 U./kg insulin injection (s.c¢.) in
adrenalectomized rats

Blood glucose
concentration (mg/dl)

Befor injection 142.2+ 4.9%
60 min. after injection 65.1+ 6.0
120. 38.84-24.7
180. 8.5+ 34

* In this experiment neither fasting nor lavage of
the stomach was carried out.
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Insulin (s. c.)

intact

zj)um; 4ulkg oH

adrenalectomy+ hypophysectomy -

20ulKg
! 170

[E—
30min.

Fig. 12. Comparison of the acid secreting action of in-
sulin -in an intact rat with that in an adrenalectomized-
hypophysectomized rat (rf. to text for further discussion).

intact adrenalectomy hypophysectos
Insulin 80 u./K Insulin 80u./Kg .p physectomy
| e i (sc) { PH
70
50
Ll
30min, 30
Fig. 13.  Effect of successive ablation of the adrenals and

the hyophysis on the acid secreting action of insulin. A rat
(218 g). At first, insulin (80 U./kg, s. ¢.) induced a pronounced
secretion of acid, then the adrenals were ablated and insulin
was again injected. After the second injection there did not
occur any acid secretion, while a sudden secretion appeared
following the hypophyseal destruction that was done about
2.5 hrs. after the adrenal ablation.

ACTH 25 ug(iv)

Insulin 80 u/Kg(sc.) Insulin 80u/Kg(sc.)

! , 1 pH
S r e pe e ppermpttieoe 110

) ACTH 25ug(iv) ACTH 100 pgliv)
Actinamin 8 pg(iv.) Actinamin 8ug(iv.) Actinamin 8g(iv)
| I I
\f \/ \/ Zo
50
[U—

30 min.

Fig. 14.  Effect of ACTH on the acid secreting action of
insulin and of actinamin (rf. to text for further details).

e, 180 Ly oBIEE 1 FIRSET L
72 DT 3FT TR o7 DK
BRI IR LEIL, EBUEOHE
(FE4BR) L, WEETEE»C
ﬁ(%ino?’c.

753, insulin BeE-RIOMAEE O -
BES 142.24+4.9 mg/dl & LRFIED
EBMBOT v FOREL Y bEVER
RLTVWB DR, ZORAIIIBEE
BT o b Th B,

BIBRHS v McRi) % insulin #
5O FBRW L myERT OBfRIZR1L
Rl BIBRHHI Yy bl 8w T
%, EHEWHRMPEHKTSFEET HICbh
PhbT, BBAWOEZRED b
.

4. BIBZIM & FEAEZIH O
o<, BIESHIc X Y insulin
DEBSWERBERT B L5 ERB
TREFEE 2 T2OT, FOKENS
WEIThE o7

FTHECEzbNDZ L, TE
K-EEROBEETH B, LD 5
T, B L TEAZFERCHE LS
v P B L URIERIHEE, SbICTEE
EHH LTy Megtd 5 insulin @
BERSSUIMER & 1Rt L.

B L THREAEERFCHH LT v
b T insulin OEERSWMERIL, £
HES v N OERAICHL, EBEFOZEY
I 4ENE & B O CEHRERE
~L7z.

M12izi, EAET v b IT X5
insulin 20 U./kg ¢ 40U./kg DEER
SUMER L B TRASIM 7 v bkt
+% 20U./kg OFERIWAER & Hk
LicERER L.

TERALBBEOWHREZELIE LT ¥
P CREBRAWILELES v D
%, TEEOHFIH LT v P OHE
CHLTY, RS T AHR



Glucose-sensing cell F3 % %% 213

BROENT. Lpl, EBRFEIHFIBDECOT
ORI T R b 5 1.

R13ii, 4EALE 5 » b iz insulin % 80
U/kg s.c) #51, BMOWEEE LK,
BIE%HHL, & 5 iz insulin 80 U./kg (s. c.)
EEELTHBROWPEE LRV L 2R
Lk, TEEZHHET 3L, BONCERS
WHRHET 5 2 L 2R TERFIZ TR LD DT
H%. Thbb, FE2Bg DIy ML, T
insulin 80 U./kg (s.c.) %85+ 3 L, #6045
DD, BBOWPLALH, K1045TE
—ZiTEL, 150 StEic, #HhiEsgio pH ic
EEOR, #3045 LT, BEEfty re20%
£T, WMARREFTRESHZHHLT, &

Cortisone(ug,iv.) + InsulinB0 u/Kg(sc.)

-30

Cortisone 50 ug(iv.)
Actmamln 8ug(iv.)

. Cortisone 25 ug(iv.)
lActmam:ang(-v)

&clmamm&ug(lv)

IVARVARYA

0
30 min

Fig. 15. Effect of cortisone on the acid secret-
ing action of insulin and of actinamin (rf. to text
for further details).

Table 10.

insulin injection (s. c.)

20434, B 80U./kg (s.c.) @ insulin ##5
L7z, #5447 150 88T 24, BMao
BrAERBobhE» o, 22T, /M, £
EWWOBEET, TEEERRT 3 &, 5
SERER Lk, BEREKO pH »8E I K
TL, ELES v + @ insulin #EDEFELIF
ERROBBSWPRD NI DTH B,

B, EBRETR, FRETRR, TEENR
SBRHHEhTw5 L BRER L.

ThoDER»L, BEEHIHIC & % insulin
O BBROWERAIMGIE FTEEAOFECL S Z &
BB M &R,

5. ACTH & cortisone g%

TEA-RIE R insulin O BHSMERAICE
REFBEBPBIETILPHALCPR R 5720
T, ACTH » cortisone D&% #Hat Lz,

ACTH #¥ic X v insulin @ BEESWMEH
BERE R IMEE 5 . bbb 15 pg/rat @
BeHETT TICHBRAWEDOH O 2RI BRL
i, 25pg/rat OFETIEEEIHINA C e
(#10). —7%, ACTH @R /ERTS 2w
b3 actinamin?® O FELSWAT T U CIidfii
DEELBLES R -7 (X14).

Cortisone (% insulin O FERSWMER O #Eing
ZERICERL, SWEEHLIEALE (R
10).

BJ15iz 1% cortisone 10, 20 pg/rat (i. v.) D&
BrrTERFAIEZ R L. Ko ki, insulin
WEAIMERIC K 5 cortisone DEEE B2

Effects of ACTH and cortisone on the acid output induced by 80 U./kg

Latency Duration Acid output

Treatment No. of rats (min.+S .D.) (min.#-S. D.)  (arbitrary scale)
Insulin alone 10 51.0+16.6 198.0+39.7 48.3+11.4
Insulin

+ 3 — —_— 0
ACTH (25 pg/rat)
Insulin

4 12.3+ 6.1%  203.8+48.2 113.6 £ 11.6%**

+
Cortisone (20 pg/rat)

* Significant decrease as referred to control (P<0.01).
#** Significant increase as referred to control (P<C0.001).
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FLTBHRERTIV—RALTE b DT,
10, 201X cortisone NIFHET, EThEQIO,
20 pg/rat (i. v.) ZEBEL, 01k insulin BiZffz

DERTH 5.

—J5, cortisone 25 pg/rat 33 X U 50 pg/rat
(i. v.) 1% actinamin O FEEHSWERICIZ(TED
R RE i o7 (16). 723, cortisone 25
pg/rat 3 X O 50 pg/rat (i v.) BEICTIZBERL
WMERRE{ B Dol o7,

E. Higkifr e insulin 3 X 08 2-D-G 0B
S WAER

ERARC L YV HEHEL O LV TYR L
5y MMCEIWIE, 12 BRFSE O, nsulin 80
U./kg (s. c) 3 Xt 2-D-G 100 mg/kg (i. v.) &
BEL, BBROW L PAREL L OBRERE L
2. B16IT EBRAR & MEHIC IR Lz,

Thbb, HMAEAX LV L5mm BHT

| Insulin 80u/Kg(sc)

370

(n) éﬂ”/

| Insuling0u. /Kg(sc)

“dm Ay

o % Jlnsdm&OulKg(,sc) 38
0 v—w‘q——»—"—v—]e
&

™ 0
(m) % ]2-Desoxy-D-glucose 100maikgliv) 0
' Va) WW—]S
Amy a
omin.

Fig. 16. Acid secreting actions of insulin and
2-D-G after ablation of the brain at various
levels. The upper sketches indicate the levels of
lesion viewed dorsally (left) and ventrally (right).
The sketches in the left column indicate transverse
sections through destructed area. (dm. --- N. der-
somedialis, vm. --- N. ventromedialis, Amyg. ---
N. Amygdala). The tracings in the right column
indicate pH change of the perfusate after insulin
or 2-D-G injection.

MERIC 12 E E YW & L 73R T, HIR
B L OERTHORMTCEIBERBIATEY
2 b b 5, insulin T & 3 BEESWE
EESWELE, ELET Y FORRIKL,
Fah B o7, SBICREY, BIoES
T & N EATIE, BT, SchEL
7% L Bbh s EANAEE Nuc ventromedialis)
OFESRRE S IR, T OERTHE,
DOBEBSWOBRIIER 75 ER (1855) &%
o, SWELED TNEh o, SHIER,
IO Frff B> gk & KRB & S TEIRT S
7 BATIE insulin OEFMBASWITEICHEEL
Tz,

2-D-G oA Iz b, HEEFEEEO EEREX
FRAE 2 5 SR T C AR 2 BT L 7o AR AR TR RS
HE L.

LiehoC, EROREMREE, ZOHRE
SIMCEBCEEE LTy Bbhvs.

insulin

V. & &

Insulin O FEESUMERC 2T, ETELC
REEIC 72 5 0%, = OFEMA insulin OEEE
BAehsh, The bmERTICL? 2R
LOTHBENELEVHZLTHS.

Insulin iz X % MBEEFIiC & v glucose FIFH D
ESHRKIC /. 5 & v S RBESRT 2R
1%, 2-D-G o EIC X - THBRAWPAET,
F OWFE, B ORERHET, EEELVE
w5 LThD. fid, methamphetamine (T
LR ERERCOVTE, FOBEBZET
R TEOTHERETH 5.

Insulin OFWSWMERAPMEETICE 2 b
DTH BT Lk tolbutamide FEIC X 5 THE
BMAWNELD ZLICE > ThXFSh B2,

753, Bremer? i3 insulin i X 2 HEELW
DR glucose DFFEIC L VIFIEENB T L
PAXOERICBOCTHRELTYS

2-D-G »EERSWMERZ Hirschowitz 52
Ot MBI BERIK, hoBc bEAR D
T 5H,

FARWTAL 0 EERARAE, KRR BT BT £ B
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atropine, C; OIEMAM S, MBEETIKIST 2
FPTRR TERICAFE L, B O EMRERZ &
KL, BROBMROSMEIGET 2 20
HESh3.

5 v Mz, lateral hypothalamus ol
Bz X BRI L, REREYIETIC &
DIEREET B EBREShTeED. &
7=, BEPSAIEE (ventromedial nucleus) DK
Bick v BEBmaowsimtlshs s blEsh
TW3%), b OpEREE O BRofmo
BEEEL 720 5 5.

R TEC I MR TR LT, BBROW
AT HHMEOBENEE S B P, FEHI,
BERSWICERT 5, JFROKESNVE
VOSMICEBGET A LD ERI—TH B LV IR
wAKLTFLbBETRVERICB TR Zh
% glucose-sensing cell (gastric type) L{R Vi
FER - 2o+ 5. Gastric type & L 72 D 13,
insulin %5 CHESW D 75 b3 pepsin 53k
LETLZERRESRTC2ERY TES,
BEGOIGESAET S Z L REESh T 5 h
bTH B,

= ¢ glucose-sensing cell (gastric type) & Ifii
PEET OBRITEMT, BMICERIWEL,
B OMHE, » A VIHERTHEELZERTO 2
TLETEADP . LLAMRD, BERSW
iR T oBRSIRESELVYCE, PEMET
BEEECESFEEIPEDL B Z &, BID
insulin O E-FGE OEREFED 5, MHEE
DIETHED 5 \ITHERE & BERGW & ORR
BEETER . MIEOBRSWEXET 5KT
PETHE D, HxHEdr» ORIER, Davis 5%
KIXoThAXTEBESNCPHRRZERITA
SHED 7. ZOREI ST b IFsefRET
HERERDB.

LrL, bok bSHdsoR, mEEI R
BET 2T 20 bphbb T, BRSWHS
Px o THAL, WENES L IRVEZHER
LCw5 L ECHWMMEIELTLEI ZLTH
%5 (Fig. 7). »» 2BEPETIHFL L T
X, TROFREEIEZELONSD.

1. ffEEA S 5ELLTIC A 5 & glucose~
sensing cell X Lz < 75 BRI O2EEE

L k=R EE T SMETS 5.

2. ™ m}:@z%m¢m<a%,~%
3. F ¥ REBROHMETDS.
4. MR ORE-—F 2, HRT
ER O EPI{EIEZ (ventromedial nucleus) D BE 52
IO LIS ECELT 2, 3, 4
AR O SR T < b BEEARE L n S
5. b ORTFREEM TR, RARCEES
3ZLbEBEXH6NB.

Reserpine, chlorpromazine D& Vi ¥ 2
major tranquillizer KB T insulin O FEks-
WIS W7 By, EEOREARLER?SEL,
insulin #5.4% 150~180 5 CEH LW A FLA &
Niz. ZOz L iXEE L &ICEST + 5 insuline
O MK TR, BESTICEY, 5V
RN U7 BEE, b, BIREE R
BRI AW ABIBRE R TV B Z L BR LT
2.

Lieh o T, o1 OBFOFAREES
na.

N4y e & glucose-sensing cell (gastric:
type) & OBRIX, TEFLEEHSD ©IITE
R-EIER e OB ECER 28] v 2. TE
EHIHIC & 5 R oEsE, ACTH oS
B bHATE VI L AR,

Cortisone DKk y ACTH oifizhE:
rolETAbOLELY S, ACTH okh
1%, corticosteroids ® W& &, ACTH 04
WwixEicEL T Ao b, ACTH Ao
DRI LI ETEREN S,

—75, cortisone #5.1% ACTH o Z3iilic.
LY, BRAWEERTSITHLI. Ll
»o, BIEHIMTERAEHHERRICITE 57T
v NOFRTEREFIHOAREMZ/IZT v P XY
LB SIWEESERA L 2 L, Thb DOFER
F#EE T T ACTH ofiflzi5 o & T3
BT LICRREArED.

Baker 52013 FEAEFIHHE 3~ 7 H THEBR
WD80%DBIEE » TV B LV 5 TV B,
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EEOEBRIIAMERTH 54, X0 insulin
CE2BOWEREE Lzl REs R L
boLBEbh3.

Hirschowitz 530 3 X (¢ Bralow3D {8
BT HIN 2 BMROWARIEHIH B EH I
W5 Bz L &Iz, Fie, Hirschowitz &k
ACTH o ERBEBRIWCHELE2 L &

‘o T %, ACTH # 5 iR ZE# o insulin
E@é}% T oL RS A TH 5.
ACTH oimfIghRISKIIET 72 v 2 & i3,
actinamin T3P B3 EERL VI L 2SR E
hic. BREMBBSWEEL LTRBEO LD
THHI o, FEHEOHREA—BITEARTH
A5,

ACTH oWz ROBFEOSTLES h o
fECTh 5.

Cortisone #£5, TEAEHIH, THEE-RIFE
H&%iz X 5 RS 0#ERE, HRMICIE glucose-
sensing cell DRITIE, EHIL (©— 27 DX
CEERBEORBIEIC XS bDTH o7z, T DM
25 LEALE T v b OERWDEIEEEER
51RIV3DEFHL » I RIIFKRM M 3.
BREOZER AR B & CFEHkici: glucose-
sensing cell DISHED TR, Bl OBEE
BEZIDBRD.

INLORELEETDHLELET v FTO
insulin 12 & BZEESWICIEEHET 4 —F « Sy
7 % (negative feed-back system) D5 2528 &
FHEMEEZRD B LIRS, ZOT4—F R
v 7 I, R L REREO L OREZ S
BN, ZORCELTERBREPEEBSA T
B.

BT glucose-sensing cell DFEEETH 3 23,
JEFHEDRFIED & b Z DS ERE L. L
L, FETIEDOEANRIEE (ventromedial nucleus)
DEREWE LTy BT, ERLER
%M@ﬁk%%ﬁ@%#fﬁ#a LA S
hTv 53,

L7z o THEEREIC B 5§ % glucose-sensing
cell H3EH OPET 5 gastric type IWBT 5 D
DLEZZORELCHE - TS, ZOREDW

TIEFAM 72 SERAS YT R IC BV TEITP Th
3.

Epig, REF VT v OSWICET S glu-
cose-sensing cell DFEFERRIL I TV 33,

Z O S insulin iZ X B K mEER X O 2-D-
GIREIL X s TRIET . LaL, Wik, HEx
DAV RAETHRERNVEVOQHWIEES
Lvbhs.

ZDREARNVE VIZEET 5 glucose-sensing
cell 7% gastric type D4 DL L F—D b D2
BHBVIELELBD L OPITOVTIRESHR OB
EREPoTWBEDTHS.

V. # &

F v b+ (Wistar-=§&, K2 190~220g, )
#1250 JLAV, BHBROWEER (GUWEER
Schild Kz X »72) & LT, glucose-sensing
cell (gastric type) 1T o\ TR &1TH - 7ok
R, REROMEREE 2 7.

1. Insulin ©BERLSUWEROHE-REOE
REFEERD THETH o7z,

2. Insulin DE®IIME X, FHRIEE
REEIWTIC & U sERiHR Lie.

3. Atropine, hexamethonium (Cg), morphine,
methamphetamine, reserpine, chlopromazine ¢
HEFIRAEEIC XV, insulin O FERSWE
R, BROEHALER, 25\
&L A CERR SIIEIEIR PR & .

4. Insulin OEBAWMER L, IKfFE o 3
Bz o THRET L, BERSW LIRS, R
REEE LYY, E—-r, EESICEECHT
BIGOBE L2 & 2R L.

5. 2-Desoxy-D-glucose (2-D-G) @ § g4y
WHER o FHE-FOSBROERERIIED TFH
ﬁ ThoTe.

6. 2-D-G D BERLWMER & MRREERRE
Yltic X v ELRIEEK L.

7. Atropine, hexamethonuim (C;), morphine,
methamphetamine O/ -E#IRNFZEIC & 9,
-DGOE@QMWmm@bT%%u%ﬂé
iz,
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8. TEMAHIIRIC X v, insulin O FERLTW
BRI, EBOBATHL, B -2
TORHE LMD THE (P<0.001) w&EhEL, &
W& (p<0.05) kKR LE. &B, T
EARFIRT v bicxtd 5 insulin OIRIEOTE
TRBE, EUES v FOBAITHL, KEX
Pote., L 5T, Lﬁ@ﬁ%@ﬁé%ﬁﬁf,
(glucose-sensing cell) @ glucose JEREEILT it
5 RRED TR, Beb {ik% ok X
VEBENIZIDTHAH.

9. KEIEHIBR#E D insulin o BERSWMERIZ
EALBICEE L, RERDP o

10. BIEHIRT » b Tk, insulin BEIZ X
DEHEMBETERDONZCLrrbbT
BRI B bhad sk,

11 BB L TEREEZRKFCHMLEZT » b T
i, insulin iz X 2 HEBOUWNIELE T v T
L, BRESNEHICERL, DWERIED TF
BHicEBR L.

12. BIERIpRME insulin &85 U CBEBROW
ERABECECS Y FOTEEZGIHT B L2
EHICEBOWSAEE L.

13. ACTH i3 insulin o B4 WHER % 25
IS 5 23, RABEEBOWICZ A S D
BLBIIFERDP 570

14. Cortisone % insulin O 'BERSUWMER % &
Blic 383 525, RIGHEEBROWIC A B D
HEVBIEsT, ThEfOBRSWMER b
EL{FDONLP» T,

15, Insulin L * 2-D-G 2HE LT v b
A DLVT, PIREIALERZ 1T o 7ofE
R, I OBBOUMERCEE LB 2RT
MR HRIR THCAEET 2 L R HE L ..

16. DA EOEBRRGEL Y, SR, mFE
ERFRERISLT, BEL, EROREMHEFRIR
ENALT, BORNEXE T % glucose-sensing
cell (gastric type) REEFET B Z L 2HfE L.
Ei, T OMROMEERIGEES L URET 4
— F » Ny 7% (negative feed-back system) i
RNVEVEE (BRICTERE-RER) KL VE
BHREEE 5 Tw5bZ L RHEES .

MYy, HBRERSEEE, BREEEE -
BEAHNENERCRLIVHEEREL, SLECH
O & MR I - B BEIREER S
BEEEL, T, AR L, EREM, 8
RoME %320 - EHEHRRAEFR 5 B4 D
FHNET X FBOF x CIELRHOBELZEL
ki

X 18

1) Edelman, P. M., Schwartz, I. L., Cronkite, E .P.
& Livingston, L. (1965) Studies of the ventro-
medial hypothalamus with autoradiographic te-
chniques. Ann. New York Acad. Sc. 131, 485-
501

2) Mayer, J. (1953) Genetic, traumatic and environ-
mental factors in the etiology of obesity. Physiol.
Rev. 33, 472-508

3) Mayer, J. & Bates, M. W. (1952) Blood glucose
and food intake in normal and hypophysectomized,
alloxan-treated rats. Am. J. Physiol. 168, 812-
819

4) Marshall, N. B. & Mayer, J. (1954) Energy
balance in goldthioglucose obesity. Am. J. Physiol.
178, 271-274

5) Shay, H., Sun, D. C. H. & Gruenstein, M. (1954)
A quantitative method for measuring spontaneous
gastric secretion in the rat. Gastroenterology. 26,
906-913

6) Ghosh, M. N. & Schild, H. O. (1958) Continuous
recording of acid gastric secretion in the rat.
Brit. J. Pharmac. Chemother. 13, 54-61

7) Rosenoer, V. M. & Schild, H. O. (1962) The asay
of urogastrone. J. Physiol. 162, 155-162

8) Ml (1947) Nt oFERE . 193-198 b
Vefd, 3

9) Selye, H. (1949) Textbook of Endocrinology. Acta
Endocrinologica Inc. 231-234 Montreal, Canada.

10) AREM, BEBE— (1953) £ 1 2 7 % X I TEkK
PrkilE. EX LAk 28(2), 94-96

11) /L EE (1929) & = 2 X 3 DR T EARIH S X
ORI T RARTE + AT 2HERVIE. B
Flpsk 3512 1337-1361

12) Koyama, R. (1931) Experimentelle untersu-
chungen {iber die Hytophysenexstirpation an
ratten und die wirkung des Vorderlappenex-
traktes. Jap. J. Med. Sc. IV. Pharmacol. 5, 41-
60

13) i &K B (1957) RBIRFIIRS & BT EAEH]
Hi. HAZRHESE 49, 101§-102§ (#0#%)

14) & K 5 (1957) BBR AV VIEM . BARZERE
=k 49, 296-313

15) Grollman, A. (1959) Biological assay of adrenal
cortical activity. Endocrinol. 29, 855-861

16) DeGroot, J. (1959) The rat forebrain in stereo-



218 Glucose-sensing cell ZB% %58

taxic coordinates. Tweede Reeks, Deel LII, No.
4 N. V. Nooed-Hollandsche Unitgevers Maatsc-
happij, Amsterdam.

17) Albe-Fessard, D., Stutinsky, F. & Libouban, S.
(1966) Atas stéréotaxique du diencéphale du rat
blanc. Editions du centre national de la recherche
scientifique. Paris.

18) BAERE, ZHEET (1968) 9-[(N-methyl-3-piperi-
dyl) methyl}-thioxanthene hydrochloride ¥t
BT 5EBER o v . BAZLIERE 30,
30-36

19) Levine, R. J. (1965) Effect of histidine decar-
boxylase inhibiton on gastric acid secretion in the
rat. Federation Proc. 24, 1331-1333

20) B)IGE— : BARAERICSETE

21) Weiss, A. & Sciales, W. J. (1961) The effect of
tolbutamide on human basal gastric secretion.
Ann. Internal. Med. 55, 406-415

22) Bremer, A. (1959) Contribution a ’étude des
mécanismes de stimulation de la sécrétion acide
de I'estomac. Acta Gastro-Enterol. Belg. 22, 389-
526

23) Hirschowitz, B. I, Duke, W. W. & Sachs, G.
(1956) Vagal stimulation of gastric secretion in
man by 2-Deoxy-D-glucose. Lancet, 2, 871-876

24) Hirschowitz, B. I. & Sachs, G. (1965) Vagal
gastric secretory stimulation by 2-Deoxy-D-
glucose. Am. J. Physiol. 209, 452-460

25) Mischer, A. & Brooks, F. P. (1965) Augmented
inteadigestive gastric secretion during electrical
stimulation of the lateral hypothalamus. Federa-

tion Proc. 24, 406

26) Misher, A. & Brooks, F. P. (1964) Inhibition of
gastric secretion during electrical stimulation of
the ventromedial hypothalamus. Physiologist. 7,
207

27) Bachrach, W. H. (1953) Action of insulin hypo-
glycemia on motor and secretory functions of the
digestive tract. Physiol. Rev. 33, 566-592

28) Davis, R. A., Brooks, F. P. & Robert Jr. McN.
C. (1965) Gastric secretory response to graded
insulin hypoglycemia. Am. J. Physiol. 208, 6-8

29) Baker, B. L. & Abrams, G. D. (1954) Effect of
hypophysectomy on the cytology of the fundic
glands of the stomach and on the secretion of
pepsin. Am. J. Physiol. 177, 409-412

30) Hirschowitz, B. I. & Underhill, W. G. (1959)
Synthesis and secretion of pepsinogen in the rat;
effects of alteration of adrenal activity and body
hydration. Am. J. Physiol. 196, 837-840

31) Bralow, S. P., Komarov, S. A. & Shay, H. (1964)
Effect of total adrenalectomy on gastric secretion
in chronic gastric fistula rats. Am. J. Physiol.
306, 1309-1314

32) Ridley, P. & Brooks, F. P. (1965) Alterations in
gastric secretion following hypothalamic lesions
producing hyperphagia. Am. J. Physiol. 209,
319-323

33) Glick, S. M., Roth, J., Yalow, R. S. & Berson,
S. A. (1965) The regulation of growth hormone
secretion. Recent Prog. Horm. Res. 21, 241-283



THZARAHEEL 32, (1970) 219-228)

BEIPYICETIE 72— L7 T mELMBAKEET 3 /
B, BICoRIFAZOZERICDOWT 612.82:612.014.2

OB R R GUBKPEESE AR E)

Experimental hyperphenylalanaemic animals and cystathionine
contents in brain tissues Norio SOHMA (Department of Physiology, Toko
University School of Medicine)

It is well known that hyperphenylalanaemia, inherited disorder of amino acid metabolism,
causes mental retardation. In order to investigate metabolic disorder of phenylalanine, amino
acids metabolism in brain tissues were studied in albino rats, miniature pigs and monkeys.

1. Continious high phenylalanine feeding was possible to produce experimental hyper-
phenylalanaemia in albino rats and monkeys. In miniature pigs, artificial supplement of
excess L-phenylalanine milk from birth to infant caused a marked increase of serum
phenylalanine and large amount of excretion of phenylpyruvic acid in urine. However,
tyrosine level in serum was much lower than that of phenylalanine, as in the case of monkeys
group.

2. In experimental hyperphenylalanaemic animals, phenylalanine level clearly elevated in
brain tissues. y—Aminobutyric acid contents in brain tissues decreased in all of these hyper-
phenylalanaemic animals. Cystathionine contents in brain tissues were clearly decreased in
both hyperphenylalanaemic and hyperprolinaemic monkeys and also in phenylalanaemic
miniature pigs.

3. Enzyme activities of cystathionine synthetase, partially purified from brain tissues of
control monkeys were inhibited by high concentration of phenylalanine and proline, but both

amino acids did not effect on the activities of cystathionine cleavage enzyme.
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Table 1. Amino acids contents in rat serum
.- Phenylalanine  Tyrosine Proline
Condition (#moles/ml) (gmoles/ml) (#moles/ml)
Control 0.07 0.05 0.33
7 % Phe 4.95 0.23 0.28
10% Pro 0.05 0.04 0.84
30% Pro 0.04 0.04 -2.07

Phe : Phenylalanine, Pro : Proline.
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Table 2. Amino acids contents in serum of L-phenylalanine feeding miniature pigs

Condition Asp GM*  Glu Gly

Ala Val Meth Tyr Phe

Control 030 418 227 347
L-Phe 030 480 286 450

Amino acid content : pzmoles/g-wet weight.

2.19 3.80 1.05 0.14 0.10
3.41 4.89 1.90 0.52 2.11

* GM : Glutamine+ Threonine,

Table 3. Amino acids contents in monkey serum

Condition  Phenylalanine (zmoles/ml)

Tyrosine (#moles/ml) Proline (#moles/ml)

Control 0.13
L-Phe 9.99
L-Pro 0.08

0.10 0.15
0.47 0.16
0.06 1.25
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Table 4.  Amino acids contents excreted in phenylalanaemic urine
in Serum in Urine
Animal Phe Tyr Homog 'PPA
(#moles/ml) (#mloes/ml) (#moles/ml) (#moles/ml)
Rat 2.50 1.75 3.21 2.99
Miniature pig 2.11 0.52 0.66 5.71
Monkey 4.80 0.85 0.13 6.22
Table 5. Phenylalanine hydroxylase activities in liver tissues

Animal Enzyme activity (Tyrosine formed pmoles/g/hr)

Rat 2.75

Miniature pig 1.50

Monkey 1.05

Table 6.  Amino acids contents in brain tissues of amino acid feeding rats

Condition Asp GM* Glu GABA Phe Tyr Pro
Control 2.54 3.60 9.29 3.84 0.10 0.08 <0.01
7 % Phe 3.34 3.25 9.12 1.75 0.80 0.21 <0.01
10% Pro 3.29 3.45 10.1 3.85 0.08 0.07 0.02
30% Pro 3.60 4.20 9.08 4.28 0.10 0.08 0.45

Amino acid content : #moles/g-wet weight.

* GM : Glutamine+ Threonine.
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Table 7. Amino acids contents in brain tissues of L-phenylalanine feeding miniature pigs

Condition Asp GM* Glu GABA  Cysta Pro Tyr Phe

Control 3.05 4.69 5.91 1.60 0.30 0.39 012 <0.01
L-Phe 3.74 6.49 5.49 0.89 0.18 0.49 0.41 4.40

Amino acid content : gmoles/g-wet weight. * GM : Glutamine+ Threonine.

Table 8.  Amino acids contents in brain tissues of amino acid feeding monkeys

Condition Asp GM* Glu GABA  Cysta Pro Tyr Phe
Control 3.42 2.76 9.46 1.90 1.36 0.01

<001  <0.01
L-Phe 1.64 5.09 7.37 1.43 0.27 0.01 0.76 1.42
L-Pro 2.46 2.64 8.16 1.95 0.17 045 <0.01  <o0.01

Amino acid content : umoles/g~wet weight. * GM : Glutamine+ Threonine.

Table 9. Cystathionine synthetase activities in brain and liver tissues

Animal Brain (zmoles/mg protein/hr) Liver (#moles/mg protein/hr)

Miniature pig 0.19 0.35
Monkey 0.28 . 1.40
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no Addition: 110 mumoles/mg-Protein/br.

Enzyme activities were shown as
contents of serine disappearance
in incubation medium.
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cystathininase activities
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Fig. 1. Effect of phenylalanine or proline on cystathionine
synthesis activities.
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A physiological and histological study on the excitation conduction
in the cardiovascular system of the rabbit Mitsuo TANOUE (Department
of Medicine Faculty of Medicine, Kyushu University, Fukuoka, Prof. Toshiyuki YANASE)

The purpose of the present study is to elucidate the mechanism of the cardiovascular
conduction, which involves the conduction of excitation from the heart to the proximal veins,
from the both physiological and histological view points.

After recording the intracellular action potentials from the heart and proximal veins of
the rabbit by a microelectrode filled with 3M KCl solution containing 0.5% CoCl,, direct
current of 0.5V was applied through this electrode for about three seconds to transfer cobalt
ion into the cells.

After this procedure, these tissues were cut into a series of sections of 10 microns in thick,
each of which was treated with a-nitroso-g-naphthol reagent (Okamoto-Sonoda’s method)
and stained with hematoxylin. Then, the preparations were examined microscopically.

Next, a systematic histological examination of the proximal arterial and venous tissues
was performed with the purpose of ascertaining the cell-tocell conduction of excitation from
the heart to the vessels.

The cobalt ion was demonstrated in the cells where action potentials characteristic of the
respective part were recorded.

The histological features of these cells were non-specific and regarded as those characteri-
stic of the corresponding tissues. The cells in the superior vena cava and pulmonary vein,
from which action potentials were recorded, were those of striated musculature, and these
cell populations were continuously extended from the atrial myocardial tissue.

The configuration of such action potential was similar to that from the cardiac cell. Any
specific muscle cell which may be responsible for the excitation conduction could not be

demonstrated in the proximal veins.
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Fig. 1.

A diagrammatic representation of the experimental apparatus.
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Fig. 2.
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5. fERE Y b B OMMGRE ShT
VAEFTRE—ET 5.
4. LEWNSMER

DEREAOKINIEEI B Z h Eh OF
RSB kT 23 505, AAmOERH
BEDNIE L SR OTEBIEN & kT 5 &,
resting potential, action potential, overshoot 7
ROV TREREEEVRONI Y. 72721,
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>

50 mV

50 mV-

100 msec

|50 mV

200 msec

The transmembrane action potential recorded from the venous system proximal

to the heart in a rabbit. (A) A site at the left superior vena cava, about 10 mm distal from
the coronary sinus. (B) A site at the left superior vena cava, about 15 mm distal from the
coronary sinus. (C) A site at the right superior vena cava, about 6 mm distal from the
cardiac orifice. (D) A site at the right superior vena cava, about 8 mm distal from the
cardiac orifice. (E) A site at the left pulmonary vein, about 3mm distal from the cardiac

orifice.
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50 mV
50 mV
200 msec
400 msec
i : I 50 mV
200 msec
Fig. 3. The transmembrane action potential recorded from the sinus node and the A-V
g e

node. (A) Sinus node. (B) A~V node (the upper region of the node close to the atrial
musculature). (C) A~V node (the region close to the His bundle).

50mV

200msec 200msec

Fig. 4. The transmembrane action potential recorded from the right ventricle. (A) Epicar-
dial side. (B) Endocardial side.

50mvy 50mvy

50mv

200msec 200msec

200msec

Fig. 5. The transmembrane action potential recorded from the papillary muscle of the left
ventricle. (A) Tip part. (B) Middle part. (C) Basis part.
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Fig. 6.

The histological finding of the sinocaval area in the left superior vena cava.
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(A) longitudinal section (100 x). (B). cross section (400 x),
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Fig. 7.

The histological finding of the left su-
perior vena cava proximal to the heart (cross sec-
tion, 200 x ). This shows the existence of the lon-
gitudinal striated musculature in the external side
and the annular one in the internal side.

Fig. 8. The more distal part of the same vessel
as in Fig. 7 (cross section, 100 x). The wall of the
vessel is mostly composed of the striated muscle of
annular structure.

Fig. 9.
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2. FRER

The more further distal part of the
same vessel as in Fig. 7 (longitudinal section, 200
x). This shows the mixed structure with the
striated muscle and the smooth muscle.
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L

Fig. 10. This shows the thick wall in the left superior vena cava (cross section, 200 x).
(A) This part is composed of the longitudinally arranged striated muscle mixed with the
smooth muscle. In this part, the annular structure of the striated muscle cannot be found.

(B) The more distal part from the one in (A).

Fig. 11. The inferior vena cava close to the
cardiac orifice (cross section, 200 x). The longitu-
dinally arranged striated muscle is found scarcely
in the wall of this vessel. The main structure is
composed of the smooth muscle.

Fig. 12. The more distal part from the onelin
Fig. 11 (cross section, 200 x). The wall of the
vessel is composed of the smooth muscle only.
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Fig. 13. The left pulmonary vein proximal to
the heart (cross section, 400 x). This shows the
annularly arranged striated muscle found mostly
in this part.
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Fig. 14.

(Cross section, 100 x ). (A) The histological finding of the aorta close to the cardiac
orifice. The wall of the vessel is composed of the almost annulariy arranged smooth muscle.
(B) The histological finding of the pulmonary artery close to the cardiac orifice. This shows
the same finding as in the aorta of (A).
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The photographs show the corresponding cells in the heart and proximal veins of
the rabbit from which action potentials were recorded.

The reddish orange cobalt compound was demonstrated in the cells where action
potentials characteristic of the respective part were recorded.

(Fig. 2 Fig. 5).



13

Fig. 2. The histological findings corresponding to the venous system proximal to  the

heart, from which action potentials were recorded.1.Fig. 2AJA site at the left superior
vena cava, about 10mm distal from the coronary sinus. 200X. 2. Fig. 2(B) A site at the
left superior vena cava, about 15mm distal from the coronary sinus. 400X. 3. Fig. 2(C] A

site at the right superior vena cava, about 6mm distal from the cardiac orifice. 200X.

4.Fig. 2D A site at the right superior vena cava about 8mm distal from the cardiac orifice.
400X. 5. Fig. 2(£) A site at the left pulmonary vein, about 3mm distal from the cardiac
orifice. 400X.

Fig. 3. The histological findings corresponding to the sinus node and the A-V node, from
which action potentials were recorded.6.Fig. 3(A) Sinus node. 400X, 7. Fig. 3BJA-V node
(the upper region of the node close to the atrial musculature). 400X. 8. Irig. 3C) A-V
node (the region close to the His hundle). 400X.

Fig. 4. The histological findings corresponding to the right ventricle from whichaction
potentials were recorded. 9.Fig. 4(A) Epicardial side. 200X.

10. Fig. 4B) Endocardial side. 200X.
Fig.5. The histological findings corresponding to the papillary muscle of the left ven-

tricle from which action potentials were recorded.
11. Fig. 5A) Tip part. 200X. 12. Fig.5B) Middle part. 200X.

13. Fig.5(C) Basis part. 200X.
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Determination of intracellular pH of erythrocytes
by DMO method

Mamoru FUJIIMOTO *

Department of Physiology, Gifu University School of Medicine, Tsukasa-

machi 40, Gifu

Intracellular pH of the human red cells as
determined by means of 5,5-dimethyl-2, 4-
oxazolidinedione (DMO) has been reported to
be 7.285:-0.066 (S.D.. On the other hand,
the values of intracellular pH determined by
hemolytic method? or CO, method® are known
to be 7.22—7.24. Paymaster and Englesson®
discussed the difference between values of the
red cell pH determined by the DMO method
and that of hemolyzed red cells. As for the
DMO method, most workersU48) who studied
with this method used a conventional hematocrit
value, instead of the exact ratio of intracellular
to whoale blood water volume, to caleulate the
cellufar DMO concentration. The error in
the ratio causes an upward deviation by
approximately 0.02-0.1 umit in intracellular
PH of red cells. This paper deals with the
above error and a modification of procedures in
the DMO method in order to improve its
accuracy.

The blood sample taken from 8 healthy
human male subjects was served for testing
whether or not the DMO method gives an
accurate estimate of intracelluar pH of red cells.
The blood was anerobically collected from the
cubital vein into syringes containing heparin,
into which DMQ (1mg/ml blood) and NaF
{2.4%x107° M/ml blood) were added. After im-
mediate determination of whole blood pH with
a glass electrode, well-mixed and 20-min-
equilibrated blood specimen was divided into
several fractions in order to measure separately
hematocrit and water content, and to separate
plasma and cells and to produce hemolysis.
Effect of hemolytic procedures on the value of
intracellular pH was examined by means of
ireezing-and-thawing method and saponine
method, Further, blood samples were taken from

R OSF I RRERS A S A TS T
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22 anestheized male rats which had previously
been administered with DMO (1 g/kg i. v.) and
3~4 mM/kg of 0.3 N HCl or 0.15 N NaHCO,
for the purpose of being made either acidotic or
alkalotic. A, control group of rats were infused
with 0.15 N NaCl instead of HCl or NaHCO,
solution. After two hours of equilibration time,
the blood was collected from the abdominal
aorta. Extraction and spectrophotometric
measurement of DMO were carried out in a
similar way to that of Thomasonl). The intra-
cellular pH (pH;) was calculated from the
following equation :

W H_@L .
wo Ha (e

(10 PHe—633 41 )— 1}

pI—I,=6.13+]0g{[1w-

where pH, is pH of plasma (whole blood) at
37°C, ; Het is hematocrit value corrected for
trapped plasma volume of 1.89% of whole blood
(3.8%% of originary hematocrit at 3,000 rpm, 30
min® ; w and C represent water content and
DMO concentration in water: phase, tespectively.
Suffix b, ¢, and p represent whole blood, red
cell and plasma, respectively,

The average value of human red cell pH in
36 observations was 7.2504-0.067 (S. D)) with
NaF and 7.2384-0.025 without NaFF at plasma
pH of 7.3834-0.017, while the pH of hemolyzed
cell {NaF added, freezing-and-thawing method)
measured by a glass electrode was 7.243+0.026,
The red cell pH determined by the DMO
method after hemolysis by freezing-and-thaw-
ing and by addition of saponin (5 pM/ml) was
7.2360.038 and 7.229+0.039, respectively.

On rat blood, DMO was analyzed after adding
NaF and being hemolyzed by the freezing-and-
thawing method. Table 1 summarizes the
experimental data obtained from acidotic,
normal and alkalotic rats. Although the change
in the intracellular pH is less than that of the
extracellular pH, the intracellular pH declines
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Table 1.  Intracellular pH of rat erythrocytes
2 hours after acid or alkali loading

Acidotic Normal Alkalotic
015N
. 0.3N HCI 0,15 N NaCl
Loading NaHCO
(4 mM/kg) (3 mM/kg) (3 mM /'k;r)
No. of
observ. 18 14 12

Blood pH  7.153::0.114 7.3444-0.109 7.467+0.063

Ergﬂf“’cyte 71020114 7.207+0.060 7.28240.092

T4r

7.3F .
- .
[=% - /0' .
5 .
E 72" -/c .
3 /'- .
(3]
g2 7if v .
= .
/ Y=0714({X~7)+ 696
ror . r = 0,856
p € 0.00I
6.9 1 . L ! i N
70 74 T2 T3 T4 15 786
Blood pH

Fig. 1. Relationship between blood pH and
Intracellular pH of erythrocyte in the rat.

as extracellular pH falls, and vice versa. The
slope of in vivo change in the intracellular pH
of rat red cell due to extracellular metabolic
acid-base imbalance is presented in Fig. 1. Its
regression equation is Y=0.714 (X—7.000)+
6.960, the slope being slightly less than that
obtained by Hilpert and his associates? by CO,
titration. This result is consistent with the
concept that the intracellular pH can be altered

readily by metabolic acidosis or alkalosis as
well as respiratory acidosis or alkdlosis®), Thus,
the DMO method is useful in estimating the
intracellular pH, though it might still be of
limited accuracy as well as the other method.

It is concluded that (1) the use of exact
volume ratio of intracellular to whole blood
water in place of conventional hematocrit value
can reduce the difference between the values
obtained by hemolytic method and the DMO
method ; (2} glycolysis can be suppressed by
addition of NaF, but no significant difference

is found in the values under conditions tested ;.

{(3) hemolytic procedure does not cause any
appreciable change in the intracellular pH ;{4)
application to small animal, such as the rat, is
possible and reasonable results are obtained in
vivo experiments.
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Spindle potential of the frog muscle spindle depending upon
the exclusion of extrafusal muscle fiber

Fumie ITO*

Department of FPhysiology, School of Dentistry,
Aichi-Gakuin University, Nagoye

Since a local depolarization was recorded
from the sensory axon at a peint close to the
frog muscle spindle during stretch of the muscle
and termed ‘spindle potential’ by Katzl), many
investigators have studied it as a kind of
generator potential which elicits afferent dis-
charges in the parent axon. The author has
also observed the spindle potential by means
of a paraffin gap method and reported its
ionic mechanism in preliminary notes®3). In
these experiments, following observations were
obtained concerning this spindle potential. 1)
When the muscle was stretched from a slack
state, a hyperpolarizing spindle potential was
often observed, and after cessation of the
stretch a few spikes superposed on a small
depolarization (off response} appeared at the
bottorn of the tension decrement!). 2) The
amplitude of the spindle potential depended
upon a steady potential at the sensory nerve
ending (usnally 1-2mV positive against the
proximal portion of the axon), e. g., the spindle
potential tended to show a positive dflection on
the background of the negative steady potential
caused by electrotonic current or by excessive
extracellular potassium concentration®). In the
present study, following phenomenon was obs-
erved in spindle receptors in sartorius muscles
of the frog (Rana nigromaculato).

A single afferent nerve fiber of a spindle
receptor was jsolated along its intramuscular
course until the capsule was distinguished from
the neighbouring muscular tissue. The muscle
spindle at the border of the muscle was selected
to be isolated, and so as to minimize the damage
of the muscular tissue. The paraffin gap method
was essentially the same as described previous-
ly3). The muscle was stretched by 2mm at a

"R BRI M AR
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constant velocity of 2.5 mm/sec from its in sitee
length, and was kept at this condition for 2 sec
after completion of the stretch. The negativity
at the sensory nerve terminal relative to the
proximal end of the nerve was displayed on
an oscilloscope as an upward deflection.

Fig. 1A shows a simultancous record of
responses of an isolated spindle and tension
changes of the muscle. During stretch of the
muscle, high frequency discharges appeared
on a small spindle potential of approximately
60 V. When a half of muscle fibers in the
muscle was cut in a wedge-shape toward the
receptor position, leaving intact the other half
surrounding the receptor, the amplitude of the
spindle potential increased to approximately 180
#V but the frequency of the spike discharges.
was seen to be unchanged. The tension devel-
opment during muscle stretch was slightly
lower than that in Fig. 1 A (Fig. 1 B). After
severance of three fourths of total muscle fibers.
in the muscle, the amplitude of the spindle
potential enhanced to 280 ¢V and the frequency
of the spike discharges increased (Fig. 1 C).
It is a matter of course that the amount of
the tension development during muscle stretch
decreases with reduction of the number of
muscle fibers. After cutting the muscle fibers.
except about 30 fibers surrounding the spindle
receptor, both the amplitude of the spindle
potential and the frequency of the spike dis-
charge decreased to a level similar to those
in Fig. 1B (Fig. 1 D). When the number of
extrafusal muscle fibers surrounding the recep-
tor was reduced to four, higher frequency
discharges appeared superposed on a spindle
potential of approximately 100 ¢V during mu-
scle stretch (Fig. 1 E). The amplification of the
tension records in Fig. 1E and F was two
times as high as those in the other records.
Fig. 1 F shows the response of a naked spindle



250

A

Fig. 1. Simultaneous records of responses of an isolated spindle receptor and tension
changes during stretch of the muscle by 2 mm from its in sitx length. A : About 10 muscle
fibers were cut off in the course of the isolation of the spindle afferent nerve fiber. B and
C : About half and three fourths of muscle fibers in the muscle were removed respectively.
D and E : Approximately 30 and 4 muscle fibers surrounding the receptor, respectively. I :
A. naked receptor without surrounding muscle fibers. Time : 1 sec. Amplitude of response :
200 #V. Tension: 02g for A-D;01g for E and F.

receptor without surrounding muscle fibers.
The frequency of the spike discharges and the
amplitude of the spindle potential resembled
those in Fig. 1E. Similar changes in -the
spindle responses according as the reduction in
the number of the extrafusal muscle fibers were
observed in nine out of thirteen preparations
tested. In the remaining four preparations, the
amplitude of the spindle potential increased
gradually with reduced number of the muscle
fibers and attained the maximum of approxi-
mately 150 4V for a naked spindle receptor,
without any decrement according as the dama-
ges. These results suggest that spindle potential

is a composite potential of the generator poten-
tial and other unknown -potentials, It seems
that a part of the unknown potential may be
due to an injury current of muscle fibers
spreading into the isolated spindle nerve.

A part of this work was supported by a grant
from the Ministry of Edueation, Japan (97112),

References
1) Katz, B. (1950) J. Physiol., 111, 261-282
2) Tto, F. (1968) Proc. Japan Acad., 44, 852-855
3) Tto, F. (1969) Proc. Japan Acgad., 45, 409412
4} Tto, F. (1968) J. Physiol. Scc. Jap., 30, 753-75¢
5) Ito, F. {1969) Jap. J. Physiol, 19, 373-391

N



PR e T LB

251

Z & O B & # #H

197065 1 AlIE 2SR AT THER b vild}
DUERHETE T R 75 A2 v & — TRIEOHOD
At o e, B33 F. O. Schmitt, EFo
A, HEFTERE E. V. Evarts, 15AQRAEHE &S
BEREOHGErLRI>ETH- . S0LEFL
LT Ehi0RkoX >R ETH5.

FBOMERT = ) v b VIE OISO Fik & 53R
AFERED RS EL XY, BoWEe
Hhbiv: LTOEBIT 2w THS o DOmTEx
LT g 280 T2 bh i b o rilifish
DERATWS . L OEDMEL TR E TR
S CEEP -, §9v ) v vORtiE
FEF T AR B E L R S b ibh 5.
ZOSEMFE LTy ) v yOTRES T
BTRZonTAVA—HHOT A F7TRML A
BTHLH. LR TlEOF — 2 —FEEE 1
ThbT, #H5MEBThFhiCTFobizibh
FEAERS, HEdnmeElo LTEL, TD
FER LB TELERPRRL T LY
3R & bicv. fifRx Evarts & Bizzi, Burke,
Delong, Thach @ 4 A DUFRRTIEY, H£E ¥ a
v D Brookhart, Mountcastle, Teuber 2%
EL, BfckgtnFcEshtinf s h
7ol

Wy im—kE® brain storming THo-7. i
HBMUThFObsbRERCRIZ 4 S o
F, W oo TIEEGERS L, BT
DM R L. COMONERZ ZCRS
NI CIRNT 5 O AT, SHCER, &R
#exh, T NRP Bulletin @i Xh 50% b
W, ZOX SRS DESBTbhicr LEE
TR AR OEm LTy ARG L EMES L, £
NEFEDME BcnORE LBHAIRP b
hinwdo reimcrtiotBbh, Yol
SAMENE b LY ShAar R RETHRET T

* HRTRBEEARR A - E

# o E B

HEBEGCEFTLIMESDHDEB>0T, U
Trifiifass s Litli.

Hleva vz lALIRSftob e, WHELL
¢ Bullock A3tbifeas 0L X ic 2w Tk,
oy Paul Weiss ZAEREIETIC X b mEE D&
RO L b =, 5 v —HRERE
KA D2k T, BT, BEEDIEETS
BF2IE A8, SO S indiriclB
RN OEE v 77 AT LMo Tiikbh b
LOT, MEEOT7 1~ Fo3y FIRFHTHED,
S S WP E D TR AESREE TR
Y5 AREHTARDO M- LTH{bD
LIRS 5.

W2y e v L B12E 45, TR &
HTFRB WowTTH - 7o Tk ER
MEZ B 5 X, Nz ERN oM o R
A &GSz T3tk <, MEERRTh
T L LTl Co—HOR GRS L
Eh, chb—l o BEs 1 PTLGETT
5. ZOFTRE O X Y B R RN
B oW T il s o A HEED TRV
w5 ERREIRLTHRO X 5 R - st
iz,

John Brookhart MEEfiOwfiE L o TwndH Kk
HITY Al T LCR TR AR I B S R L
B, GATFRO AN EGRE ZIT T 5223
BT E7. ARTERG R I G OSBRI D
by VT ¢ AATORERREB»TEZEL, B
A DRTORES S NS EITEE - otk
BEdio e, HERAE~EHEIh 5BE
OB —E D& v ORI EAFEL T
WBZ LMok, T O E AV Ol
P, SRR EOMREIE oW T ELRTT R
» BT ERTETCHAS», Brookhart 1132

ik b o T B ROUESMHINE ST/ NE S, i

ER DS T, A CORMAR ORI
SRR G LTS T LA o &, A



252

B, BHREGHFCL D ERPIERLTITS
D nWCEHE o7,

HEEWH LT, SRR B 2NE
FEAMESES ML TERLCERDOE, —
WHTEE R = = — = YNT T R, B
B~ € & IATIC 2 MBI L, ANED 1
W= o — v Y ~EEE, HECSEES 5.
BT oDEREELELODOTEELOT
BASI. ZoOKHLIl= 2 — v VICESE
FRAZSOLOEOPLS D, B ETEHLEE
ATLREMT, FALGEHETEALRBNGE-TL
500, ChhbOERHFLBZERE VAT
0 5% B BRI ERERY e RIS T C db B e
BELS . EiNEATE LR R Eb
B IEE TR 2w TN D4 T T R Ak
ERTEARIENLESRET R 5 2 L8 TES
dn, EDEENS oA, i SEATE « IRERE
HWRO= o —w VS B H T, NERT 1~
Fe7a7—FllliRO= VY o — 2 —8GTit
EaiizedoroRBemRLi.

Charles Phillips ©HEMCii e & OWdubED
HEARIE S FHO ¢ il = . —rrOlind
T, 7 Bl 2 VADEEHOBHD T L
FERhE. Zhitk DAERE» D o p )=
a— BV A, B35V OR
Epis LIS ANEFE L bh BN, Thidt
NFEREDX B L CWBDTHH S
BB 5 WEICER OMESET 2T -
T, e BRUrlill=—~vwvoavte
— R TR R TR R T RN T e -
FRBBIEA S P, Phillips 125 Lt
X5 IEE TR y R X B — RHEE v ~ULe
o CW TR IC R 20T e H0igdh L R
i r B b0 THars Lo LR~
Anders Lundberg FHFHIH V<A HET 55
HEHERE LML, ThEOHIFERIUY
i LR Sl Ry o L2 BT LT E .
FOE i« BIGEXECTS ¢y B2 . — R
VERMETSNE= 2 — v V- COZIAR
EAS, AUz RESER D, WhiEfZE Y e
I ATHEEHLTHS., i boiisne
D X 3 AR v - O RS & B i S
b, MMEFHT20THA SR, FRILED
o LT iibhaok. Fificod—#

=¥ =Y a VIITSIO lcommand cell] &[]
B, HASHBELIT R L b otgSk Xy, B
EIT e F7 AL LTHEET SRR 2 T
BRTHBLHTI v, Lundberg 12/EHED)
= o R VR DEHS > & O E ik B
Ia M = o — = VICHTEESRIRE S ERE L TR D,
ZOEROL VoULAR R DI T I B
iz & B ARRALRMIS ~ 0 — R IRIE ninif
shatofRomiermLiz.

Elwood Henneman VXA = GBS IinEL
AN R EREN= . —r v —Niz8525 L
iAok —FhES v e AT E > TRER
HFz 5 X0, WAWALROEHES DA vl
VAT SR LR S i S bhs
LERBEL, WAWSIERHCE LT o ilg
BARESEHFOBEE - FRic LB - TH
RITBEDFZRHIIL A,

W2eav, VALZALHE TAF « Hi758
ORI 8L, KBEER~OKA % &
FEENE A SO oMM, AnfTiciliEg sh T
Do AITRERAMNT T iR S h B et
[Biic i =70,

Vernon Mounteastle (3FE R 2w
T, RS & RS IR OB oE 3R R
DEE T ONHRAME U S0 &0, BIEE
~MEZ BN MRS 2 YR E LI AREY
PGk &« LIRREN S BEERE Licy & OFg
BHBELTEA. TREDR S AT E Al
BOXZeonTiInEI LHLTHEDM, X
7oA L VRIS & A TRERRMREIEI & » TR AN
ST ESREERERS LB 0. A
HHOEHEMAMOEERELZLLES XS
Bbhds, cOMOMRLE S LTiihbh s
e onThbhbhi ok sk L 2Hrhid
Lviop, Mountcastle L2 hECORHL= v
P DYV v BRI — T s R
TIEbhTER L ERERL, HEANBRE
LR L CEARMRAEOMEE X2 5 LD
TR L.

Vernon Brooks & LS 3 L UNERRR A s A %
MR SR T HMFELES, 2hick i
Z5—HoXKIAR Mk, #iH: o placing reaction
7o & oiimeE, FcoR RS R X b
ZEh3E+%5 Lundberg 0%z 3R E



b, BELBEHARLTCABE S H LELTY
L. TR EALHF IV — OIS K AT
B, FARERTE Z ORI b o
THMS LN TLESDOTHA S5, EEE

R S AT T R I T BT 2 SRR
FF T LIETERVAES S b, Brooks b
DOHEM i EL bl LT, $-0/NElk
BoR BTy I U R O ENRT o W, B
D2y e —dibh b & O HEEHAL
.

Olov Oscarsson 23 L Ci/NEOTH U —7"
ZofliEicowToRMMEE D, Kk boES
L, CREBLTED » i wW T OFR»
LOHEEReT5—HO comparator ‘CH B E
DEZVREINFNENREERNCTTZ DR
= bigimahi,

UBsEL V]

7 A DD

CHEERLLE Lz, IERoR ST R O il

BLOHR L ECL LM TV BIES, B

OEMEEHRROWMER L VAP 2 HhThs
BLLTWET. $EOL L HUOTIRLRTE
FEFTR D DIIC S

196442 0 3Tz MR L C Bk 4 4ERiR e s »
Fe i ¥ v B NSRS IR SR A A S e e 4R
{19884F) RE L UHROEEIET WA L E L.
EEH & THEROMBFRINRTZ Lo LvHE
DREBAFA I -» LYhiE s, BToEY
W, BOEAEEED IS THHAKEY] 2w
EURE, TEF—Re v ARV I —TREE
FHCEMEZh TV AEEETERLTENTA
ELk. ORI TEENCT.

#5%it Biomedical Engineering #% 2w T
Fo L. Wiener itX % Cybermetics DIZMELL
Ry TH% O TAmRITH T 5 FIRA KT I
Y, EEHEOMTLIENTFERRICATLLE

253

Arnold Towe FLETHEEBHER T30S
BT, TOMOoERt Y RIES LV IFLFCR
L, EEF bk kE B R TEiE
FESFTWHIERMH L. REOFEIE L
TR 25 DRI T BB e £ CRIE RS & MRS
S ORE VT EERASR. Ll Towe 235
TheE, AR ) X T oW TEBHNC AT IC # &
T H P2 TOELVIRETRLRE s .

W3y, 1 FISETE NERYEANEE
OHRTIE & v 5 8¢, Donard Kennedy @+ 1
# =¥+ 5 lcommand cell) 0 ., Donald Wil
son QEHOWMOEE Y = 75 4 [motor tape]
DF & i L LT Harvey Karten D04
HROFERSE, Peter Marler D3RIV,
Hans-Lucas Teuber 253555, "FEMppOMIITIET)
CoWTDEEE D~ . (WRFn45:4E 2 F)

E ¥ # F

Division of Bio. & Med. Enginecring
School of Engincering, Case Western
Reserve Univ, Cleveland, Chio 44106

= o B -

k= ThichIh 55RO RSN Shi
B 0RO b CEA, 1960EIT A ST
PhHbLBbORETEL S WATIRICENTE Y
o= F O OERET B X SR, BE
= SORETCREXOHE L LGEE S TH
Bt (I, Wr—Y=7RE, BV T
= TR, FOHEHI967E, r— ATERYE
L= RE VY- TREDGH LA, kDM
HERL{HEEC—2 L LTRER LD ., i
RITAMOSI S D ErBERRE oLk
T35, Mty vAaohet, Fhicls
D & A F AFIRITR O TEIE L Cnicd il
RN —FONBBEEAVA— D, BEH
FUEIR A OBGINIZA., Fomh MD 33 A,
A% @ Ph.D, 225 A, BhlxT8FHEO Ph
D. .

EED FHAF o« F v VEIRITNEIET), ool
FEHUEF© 2 bV — L IR THSEE D 7 — L



254

FEFATMENTWETH, £LRIENBAMN
THEEINEE ¥y LRATHWET. 8=
O L, WEAMEEESEL S WIHREL
TWET. HlSaA 77 1 384 ¥ 2 VER
CHLLTwAHERE D VIR, v V7093
RTGEROEE LR - T HENEDLS Y, 55
MIROEER ST Ch CTh i I FEEED

FUE, HEMROMMEEEEL T B AR WS

Lo . REREA L LTRIYEM
BERE L, £REARSHAIRBERNT v A b

) —EHERE o CWARAES A — 7, £
DA R R & AT 2 » T WAL,
ANERREE QA TR R E P> TrE 2 b
r— LR, SRRl TS 4 T VY RORR
BB 2 s T BEE SN~ THa v ol A
EHREEHRIAL

FIRTESE b RO W E VR ORI LT
WEFA, Bl nirobonflkis s
DR, TENERAART—SRADETFTI
2EL T LT X » CEROTNFROMGEMED B
UERESTH L LW OBNFRYOEETT. T
hEd TRIEGERELD T D TES V3K
EhESic-okih 595 X5 iERERo 7
A0, ORI IR e E e T
3. Yo EERIER AL, MRS BRIz
I AP TE AR RELAKRL T, &Kl
FOhoERA P vALHT A EEELRELTY
¢z &, Claud Bérnard # Cannon Oz
EEOERMELIELO L S it d. 3k
A B U A R S S 2 4R 2k — I T 7R
LC<hELE.

PR @=TEy: NIH, NSF (826, —&
VERESE, ERE TS, withd Rk
Wi, NH oS5l nE0%n)
HEns o LTt TMEREUsh—EEL
VDR o A & SR L B R T b Bdbia
Ehbiisc e, EHORECREO—
HLLEHDOL B2 TWH Y5V b bFiAbhT
WEDHED S TTH B L » CHRBUFINS
FoOEAEBEC2RRE5L3HD 5 50T
. WSRO LR IETES CHLH I ST, B
S, AR EIE IR . ATNERE RSN
FRESCEE LlE, BrLewEilR EnEyE

SRfTbh T ET. EEEREREbBRAE
LEIT LA TWHDT, RbIEHEOTTEAERS
SIE el AN CIREETE ERATLE.

BCHERESEE IR AR OB
LET. ZORFEESEMSEMBITES G THRER
X BRI H Y E o F AERREG LD
182D E & T, HRCOTMLULWERITEA
OEEME B D EEEEVIRLH 2rhiic
i EEREmE LTS LS T, ZOHE
DhY %o T aE0SORFY, &3, EkFe
Vv LS REROEE (B X UEE) BEC X 308
B QR LT, JMBESR MM ERS e
ERUTRO 2 RSEFICbhlYy, EeEfER T
{R3sF, FRWISFR, WEGR, {UHSR. MR
T, MERGHBEREOEBESSEENR 142
ESWUTOHY 2.7 2RERLET. £FA
LI EHED LOEMRIC X - THIK =5, &
SOEELE, 2V F-FACETRRVEFOR
EAROFRT 2w T B VR~ TERY
Sl TwET.

o OHEE D BRLS EHHTULTEEN FLR
SR ERAHRH D, S oRHMRE &Y
DEYE# U o T 5 & O DS oE T
Cekisftdii LCwET.

ZH WO UBDOFEIA L IR o ek, FHED
T2 MHIIRR & LTENT 5 £ W) FROER
mEEe, Thh b L THEREoES (Bcdk
HES) HEOMEAT LTRSS wEE, b
P HOERETRL AN SHAERIT A o RS
BEOH ) F .7 aeFUoRB k5T, &
HOBF LB EEEYIILLTHE L,

1, #2+af@lo7» 71 v 7 BEOHERR
EACHEE L, REERES CEE Loy 2EEaE iR
BRVE - THET S, Rz 1 EE0LE.

2. B 1R, 242U (EBHEDT)
FEATREFIC L, SRk A 0N

* ﬁ—ﬂ)}}l %l't%& ] %iﬁﬁmﬂ@@ﬂ?f@. /_:E.I,g?:s ﬁ.:.{t
& WEELR ES, 5 & R & B AT
FERORBLIETREL DR D . PEMNRER
W 1IETHRBA S L BNT, 2FTE-
T, REEREESHE BT O e LT
AbRIS.



BOTE » o FE TR T 5. RSk A,

3. AR OB IR LRSI E D
rmATERIC X 520 H =R iEs, Bifog
B E L. Z0RbERVADF T R
B BI30~20A g T AL TR O
HITE BPTR0e1Tie 5 .

AL g, st X, iSRdkE X, 24
T A BRI T 5 . TinbbiMe Lol
M5 2 LTk LTy 2 I itmT
D, A0 1 RO E iR & £ 1
Z LTS ~10FE oM Syllsbus & HIT
LTI b 1AM s A & 5 e A
9. hmeOE Ty, MNP EEL, T
@ Syllabus o> izitilk LT3 €. %4tz Syllabus,
A, ik, EFAF -, wam, S U —xd
DOAT 4 FSEREHLN St TP 2o
T, TARIATTOE IC X b 45 B g e {ii
L. bEETw, BB (Ea o) RRERDT
LBHONRERTHS, Lo CHERE T
B{EDd BEEibrirh R S IR Lin L T
I, R BB

5, BRI S X OO 2 ARET S .
142 2 B003t00s o € 4 0l 4 E Ok s ., 4
i, WERENONRIEE TR S,

6. X b INRGE T SR, Bk
Ph. D. = — A XA O K EIRIERE 7
H]IZITRS . ThdEEof. oo TiinT
IR E AP E O B BRI 5 X 5 ik
e, S fIbhs . &2 — A~DESEDHD
[GHE 2 ~ 3 BIREEATLL

7. RURAELL, RED SHCTAESE

TR &0 LI RvS, St
TOWRE O AROIBESELOFNOLIIRES
PTrdBs. 220 o0mnicilag e 4 210
47, b E L bORETES, B
BVRAROFB L L D R,

R SEER I Y I B ST O 2o O
TS D, 3 ACUERAIREIHFLTY
5. HEEHoMBE, E5FdF—7, TV k&
HREMOFEIET, ST o AEBMEML
T{hb.,

20 L EETT S LRoMERL—
Hiak % b » IR OHTOR v TRHERS
L. EKG, .Liiohs, R, slikoEng
2 ETLIERE —fEin e s .

255
FTHEZRER D SRR R T 5. &
B b9 ims s e,

HAOMEITIRL LieDiE, DR, Lichis
TEEF BT IR EMTHE T L &K
EwT, BT ST FRE2EH T2 &
5 individualistic approach <. # VX .7
LZHASIEE2 B b 4 I3 CEE L E,
T B A O TR TR, Sl nid s
mibbhvES. £ ofh, £1M, 6fhicEogE
OEHMEFLE PO & Lizsi ANmS®, A&
2 EH W9 LEOMET) Wb - ThH»
h, ARSI TRLET.

Sad: O E A Rk X4 % feedback path 134
SaRic g e Y, AEYESORERRIIEE
1 EEA O5d &b ki Uind 50 o o
AT D W T O ORI ERHITTE
T FEOWROR TR LN O, EAEL
DR HBISUIRE L LT AT I v ¥
IRBRIT & &bV T R~ DM & LT
DIREERELEL - T 3 HEBENEVSET
. & UTBIERIC X 2GRS0 BB O 5,
MEEHECIALOL Lo EEE 2T
o DR Lo SIS, 4k & SRR
PHLIHATWET. CREHEOTFICIn, B
5 ROIMEDANIT, EEIEEIIIEA EZ DR
FOEEEOUERET R EM SRk, I
LR o@ER = AL d LS bkt
5TF. LT mat v oK S v
2 THECWRAEEWHRE E LToIER, ¥
Bz b o A48 v, FIAENROHRT

DEEITD L H PEE P8, Z 505 Of
(LR OAHOIEFRRTOENET| S+ o
Lt ABRNOREDHE L E B, 1
WEDEREPBS EELTVWBRPTT.
IEEUERINERSS L OBEELTVWEL
Lk, SETORIESRE D CLRERRE TS
FHEETECHRLEP 28, EWIRET,
MNIcEE, BRSO, FERY i RN
A= AL LCOEFE~DOEME 0348
Fho gl LoRERLRWERD, £501 5
BREE{L T3 X 5T, £ofth, SRR
OZHLE WS EIREELTLEED TEIZEA
FPRIRIVCFTF AR IS L LTWET. 79



256

—7F v Vil a—a2—7, vy VELA, ¥
# T2V TEANARKS ORI L Tw B
PETLES. BOELRMEAR TN, o
KETRERHOFSEZLSEAED, TEHOK
DB X 5 O, foiE LIRS OISR R
DTHERNT, LOBHEHE L 204 BT

SRS 2 RENTEEIL, Bx OHBA
HEADTLINTELnD, bhvbh btk
LEBERZMWL, 23 wSERED - kSE
FHREA o Z ERMERB T3] EWVIiE
B TEELR. PECBESh I, #
BAREEREFT L35 WS T EBREE
2D TL 5.

FekEomzlL, SEMNCELLNTY
LEEDO—2, EEFLRREOHRA YTk
W ETERECT, RS ESESE T
LI HEOEE D Ol e, HEEEVRET
Hnb b o0 b BEMHIERE N (multidisciprinary)
i e ToENRERTEL LA BRI AR
LERER AL, Hx R kA b
O PRI O L ChTRES O LT e
L Ao T, BEWIFEHLL &, (RUEELE I, T
TREHE S 2 5 TR BT X HITAY 7 units (T
FHE L, #hbdfsd & LT Division of Biolo-
gical Scinces &1 5 HEHRHECTHHEELS &
SOP—20RETT. Wi, EERoLdmiE
EhohicBiREshEd. 2 5nw5HoFHFR®
FERTHhE, BROFIREEL SREES e is
NBEED=D2TC, LI BERAF AT

7 A Y

TAY M BT L AEYEEORIRITOWT
T, BADEL DFEMLHENBPH Y ETOT, v
¥ X LREMEENTITALETCSH D B L
5. TR D OEROMgE, chhbl
P SN B ARRRCETRATEHET (ke
DR OHINTE LT, RAiEoRSERMER S
ELtwkZirhiEtBrEd)

*RARERIR A R

— Y AHERMEL T, VAT AR R LR
RS EnEEXTHWET. IEETSE
2RO R T 18 W RS RETEEL T
W< DI YROET, T2kt htc o
Biomedical Engineering =A% 3 £ ICIEH T
HLLTHEFNRTLAEHLWE &b Lhik
Wiy L&Y (Ey vl EELEWELE.
Z5wW5%n LY Division BEFEHEESI WD
J B LT £ aedik & A T3 as, B
EOBEME LTRES W AT A=Y =TH
rZ ORIEOWEMBYE L LTiiiEmEh, €7
EsMOoBEOHEBF O FNED RFE DT
el ATT. RO B LY Division ©
EEEpoRHEEHT 0 4 BRBLELLES
D OFA EHEOREHR T, 42 TOT
ENH D ICR—IEREABRI VIV I ONLZ

ANBO—FEF5CT. ZOlthEHEEE v
S0k, BRoo 6B ECERAREE T
LTI, GTEEES SIERAMHBEECO
Bwvwioim b Y- h ot LnHEEE LCHl
HLkbohoTy. HEHEEOMELTEMIM
TOROFTELFmMOES R, BabbT L
RO LTWET. 5w 5 EETIERER o5k
BEHiResTie, RRREOEMmME L =
2 TR{ZE T2 ORE . LERE ELTREEY S
B, WEXPRELRTDFTLOREEREET. B
TRT, BEOEZEMEONEL LY XEEM
HEORBELHTERT Sz &b o2,

# 7 A

EFAM R L, REOTEE &L 5 nif
RENECHEMCHLE L TLE. Thiz#ls
EIEMORBh A ARG I LT (hek
W, BAREREEFSAAE AR B AR R
42 S i), BIRES B U E LA, #ik3
EMEL, {{EMOoMRE ol Licc ki
J0 0 E Licas, $AkE Fulbright exchange visitor ¢
WhIE7 AV A OETLRA SRR STWD
T, bbAALEECHIORRE S > TSR



HOFRTT. ChEHHPRBLIOTEL, &
& bosses (sponsors) Z e LT a4,

FATXIO664E 9 A2~ 19674E 9 B ¢ Portland,
Oregon ¢ Oregon Medical School it L7,
MO Dr. Brookhart ¢ J. Neurophysiol.
CREEEC, R AR - ROMRISIKFETE
SheDT, MR E<abh Ty 3LBWE
+. YM;oFE@ boss 1k Dr. G. Austin ¢ Neuro-
surgery OFCIFAE N H Y, 7A7F Dk
TR L R o TyvE L, BRI
CIEREROMEESHEOEHTHLWI ET
B4, 2% 0 grant (1 O3k % 155000 F
NERIET, NIH, NSF SEoBRFE 38
DA B S) BREBEDBRhRE (Viemam
& CRIEE, Y, BERE ko vbh
L3 2 1Bl Lo e s & 5 o)
THTHEBOMADTREORALTEL D,
WFFEERAb grant IR OE b LI B Z L
Wi b E§. Austin b, FADFT < #4E @ sabbatical
year (BRI T 5 & VAERIH R CHoRED
duty #HEMRER5S. X O WEMETIR - FEER
HTHND) T London OEALSDE LT »
TWELR. £ LTHOE - 196TEDRIT 1T
Loma Linda Univ. Calif. &b % L7,

196745 9 H 2 5196841 8 H & wofl, #1 San
Diego @ Univ. of California {UCSD} @ Dr. S.
Hagiwara ojffic\vg L7, Ca spike @ pioneer
ELTHEDCHEHATTRLS, ChiTiifhhE
WAL E'T associates bR » FEAL « FAEG - A
T e B o sl ¢ SR8 s SRR AR AZE G 3 B
Ty Ui 3 iR il - Zo e, Bl e —fie o
T REWERET b i) vy,
Dr. Hagiwara ¢\+7- Neurobiology Fascility 3
Scripps Institution of Oceanography {2/ LT
B, 2z &R 5 ¢ F4% Dr Scholander
MET (SiIiEfNo negative pressure 17 —
=) i 2 BRI m o4 I O 528D
(e-Helix) OMH T, ERFCHET TR T
FAAPLWET =Y VET, HinoER 54k
RIEIT T, MTERBMENATNS) &
TRE DG TN 5% E > CvE ¥, Hagh
wara and Takahashi OEOTHD 1 # v %Rk
oOHINL, CORC Australia Cfisbhvicd o
T L fz. BYE Dr. Hagiwara [3F 5317 - 2545

257

@19694E iz Los Angeles @ Univ. of California
(UCLA) ¢ Department of Physiology 1z X & ic
HYE DB nBohE L. F.© San Diego
#iferh, Hawail A3tci &7 Dr Y. Katsuki
5 UCSD b 5 EFHOMETz bh, Moy
4% Drs. Bullock and Suga > 5#irxh, H 20
Aai: UCLA miThh Gl shs vy
schedule T & O NRETNICEI LA & 1T
wiZshEd.

1968 £ 9 H % & 19694£ 9 A % T, i1 New
Yorle @ Columbia University @ Dr. H. Grund-
fest OFTICVE Lz, T © LA © LE©,
Dr. Watanabe {flhds < o B v 200823 piree 1
TR, FENTS T WK © #4035
<, 6 AR5 L Grudfest RfSEEIL, Hiis L
8k < 57 Woods Hole, Mass. @@ Marine Biol-
ogical Laboratory ic#0, 9 HXEoilide L
. Z DT < 13 Washington, D. C. (NIH
@ Dr. Tasaki 8F) %% & i 1% North Carolina
{Duke ¢» Dr. Narahashi) 7» & 538 278 dodr,
JTEEGHiRE San Diego OIFETNISIAIS B4
LHABVET. $o &% Dr S Kuffler X%
77— IO Boston 2> San Diego,
Calif. (Salk Institute) 217 < O T+ BFV T
SO b EhEEA.

EREd il i = THE Licsd, ko X 5
BRI % DI ORLEDBFT& Kb T, Ffli% ot
Ee R BT - WA T2 2V 007 A D
HOPRBOWBED X S5 ¢, FheXrTwiro
H5 grant system GRS L D OPS—[E DR
Ty, bhAAEoRONRISERLT T,
o & AT O fEA A B4R Y S AR Dtk
L RE S TR E, MO
BMZE &z 5 5 IEHOHERE Ve
2y BETEE < MRS o BEINE « BB .
WEEK s 24 VR PR, EDKRE PR LE
WG o TV B D CH L IC I O R 2%
LIBHEEVokZ B HERLELENE
.

—fRIC seminar {TIEFICIEA T, RO
HREOETR® work shop 3 X< 2bhT
DE5TT. ks WHFO AR {5
R THROZME R - TWETH, ZORF
13 18] 50~-500 & v »iF XEREH D grant



" 258

LIERCHME TS T LB TELDT, flX
RO R o Arizona KETH ARFLL 0D
Lkl ET.
EAmo2toRFronwT=Fii L,
%D % - fz Columbiajc® (REME TR HITEE
“CuinV. BAOET B IR D T, A E o ¥ OB
HhEEd R R bt o i) TS AR5
1~ 22 FoFZREH L, 2 (faculty member)
HIOEFEHRALTH Y F. 7 2R DID &
Vol n ERS LR TWET. MEAEOR X
Cy THRGHELTSERTTTS, vk dA R
faculty’ member TF S HIT2WCEE, chairman
OERHH L TET 5 X 5 T, #i% (full professor)
21T & phassociate f» assitant professors U
Lnio i & o, AL Eofull professors 2

& #)

PP ET—ABE DM LR duty @iy
PRl EbEbok 5 TT. :
EMEBICOWTI, £S5 biffTriEsas
(o2 AT E W - o BET, &R
T fEER - ISR R ERIC L Tk k ORELD
B) &, 2YE - LB - BRASEILETLTH

AL, EPEQuiofii AR Ey TAT

WBEDERE L, £ OROEROERLE, 0
instructor FEbRTHBETHIEED &L D
EERTHETHD E v of RO X3 TT. L
LEARETEOLTERE MBI VO TSI
ERETEERA.

L ERHE, HE oW COMERTHBmTT. &
ST ERLEReET. (1970438 2 8)

%1 AAGEBEBRYPFRENRIEBERRBRERE

F
1. L ITETFEA R o
a. iR :
FINEEE, REETEAEL D, 56 @i
FEEL&DBOFERIERE ENh.
b. & & :
1) EEEEI X - THRETRTFEE R
BB &5 HTEHEE B & opEiniE, O
s D oo, @EMESTE WS HRICHERSR
mEhic, R, FNEERXD SREIOHEHE
Bawik, BIEEREL, $oRBEErb0HBE

Bk &K

B B 125200 fPfRl :25~3:30
W OR WRF RS CR
HAEE  RKE, WlkbEE, AL, ML KR, B

A, AR ), i, hE, £E, #
R A, FI0 (BALEEERR)
#ig, B ), Jel, e, E
@, A, #E, AR, R B
(bA - FBHTPZEA)

FEH Sk, SR, EE, R, HE, @A

(), ik (39), ok (B0, with, &
Ear Fﬁﬁﬂﬂ, "j‘)‘cil EEE! EF‘EI ﬁﬂﬂo
fwi, By, Bk N, B

Wb B 0T, KEHERSOHK ECHNRFTET
spgealoay 7| AERPHEESh, HEIh.
) B4 X DIRH Shic LA ORIE
D HEIET 5 Lo BERER S, TREh
iz .
i) WHWIEAS S Y BRREENTS
SRS S,
iv) MEgdmii4ic X HRES TR bhz.
CER BORE 12H
o 0%
BAEREAPFTRETEZ CHRELL.



V) BARBI DB ORDITE T S
., EENb -
2, S#HOHHIE 2T
a. ROFRRPEHHPMYRERE L Ditg s
iz,

[ wwzAz T
[ CEfFEaR Working Group

Py (8
N et

OB R
ZHRDOWCERESh, R LTz ol
BRET52, BARERR WRTETES) 0%L
BELLEDANT, Aoz ticioie.

259

b. ¥RUMEE &% — B BIRESE
BEMERL X 12 Ehic. IRFETELRE
RS, AFEREESFRRER IR Lo
B, TofEl S ttrEsofnaatd—
R ICBN R, $ERilE oL BOERSSL &
W OREOIMATHS. ZhizonTik, i
BUMEASEERTLIECHATE V&
DT, FERSEH S,

o WEBUMEAREBAERC L hEE X
h, FNEREIVEESh S EELS.

d . PERHEEI S NREBEE A~
Trrllot,

3.& i

HAERE DB 0 W TG D = 42,

AFEREBEFHAMKILEIERGEMZRLHER

* T ¥ HHEA
.8 &

RS

1. AR DT & TR E
% i«EJJJ@ﬁlE?’ﬁS:]HfDJI?ﬁ?HfH Hx iﬂﬁ[ﬁfk#ﬁ
Exhic ($EE L, 21, wF (5), 1§
B, AR FUREBAZER).

2. 12523Rm, ?}?ﬁﬁﬁzﬁﬁ!’éﬂlﬁf—u\q—
YE IR e R oy, Wi B,

3, 125208, B 7TEEBHFRLST, HHY
MEReHoFERTFRIRIORHEY, B
LR SN RN RE S,

sl

1. YAG6H, 2iE&M, BYETHE
PR TRIL, EMIRER S W THEA LY. (B
A, B, BE, HE4ER).

2. 1AI7E, ¥ aSRRsmELS (B

Bk KR O®

W THENAOIE L B24R 2 ~25RIE

FET

i FI j{'—%"—'ti‘)‘-—)\xjy\ ;;11.1-55.)-.-,.__%'
REE Wk, B ASAZER

(G, i, NI, B, 4,
BT, f7e, mHE, E, R 5,
ﬁ%;kv i@ﬁés’ 74:53- Fﬁl“[: jbg];u Méj;:
FEER, W70, AE, 1T, ASEEWM
#H

REES) TUME N
HeZ, HREZEE.

3. 1R198, #ilfsikRMITEIRAS (L
ZERE) BUEIEHALS T, YIRS CHENHA
WAL (BRER). ‘

4. 1 A22Rm, ﬁR”T%Méﬂ&%wML,
MBI TR L, WoWRIC2WTHMAL, |
WIERR DL BRI L (B, BB, HEE
EH).

0. s

1, i ERsemasds B & o IRME2
HLEEL, RO AEEN S ERER
LT,

O i EERHTL A (]

a., BAMRORE

b oREE L - 2RI
o 7wy P
o IRHORETIORE



260

o FHHFFOLEFLHEL T, MHKY
&HLIBECH

o F LW BIFEE DRER

o RABOTSE F T TROLM
BB X B AT

(&

o NREEREDRRRAZRiE AL LACiEE
2. REITE
2 Hi4, 158

HEZELRE, FIAEHFEZARARR

IR

1. 2 BERBSERPITR S,

fod, RARESREASTSWTHREshAE TE
Bpe e B EEET DWT (B2 1R)) Bl L
FORGEERS, ¥BEEAD 24 6 F, 2EHE
B o SIALTES S R S, FOBRA
R bz LABREEN LSRG Sh, BRSh
7.

2. ARSI RO
LAFERASRTHRE L COffico g, 1E
M LoD, SEERIE RIS WFE LRy
i, shaEdREl To-RETRETs L
BELPERFOTCIRELH, ZhE 50
T, MEWIE (B) 1FLLLZ EBREER,
CRICIRAEEEEDES, BB
BEST IS « 2ol o o &G i,

3. BACLRETMO TELSE R

[ i E

§ IEFMSIE 1 A26R  R1R 5 ap305~ 8

15305

T e
H fE s, 2=, T, Bl PEAER

(BB B R EE)
HFs IR, AR

Witz zkichnot.

4, BERPREHEOUREZRIZ2WT, KIE
(fE4<) . BB (RE), N (Um), #E downg)
EE (R, MRIREWE) S48roF 8
BRICER, BEUCHERREE K o v TlRE
L, ComEELEHRERCEMLT, Y08
Re w3 EEREERc—EEh, KEFRE
FRLTTHREO FETENER LU RASNS
B TR Sh D - LBFTRENRE.

5, IBFEEEHERESTH & L T2ANH
(ZH&NRT 10HM, JHFERIOHHE) &k L <
Lasnkiinat.

6. ikEoEEES® 2218 (+) Fik2
Wi &, HAESEHEESRETE-THE, &5
HEERED TERIMICHT 53E 259 T
Tvi— rOilfErT oot b,



261

ERLEHPESRREBFERKICOVT

C OEEREEESENE (UPS) i if Sl
#FE A4 (Commission on Thermal Physiology)
PEIERELA. A 12 IUPS Newsletter (2
LR SR TWETARROED T,

J. D. Hardy (G, A, J. Bligh (38), B.
Andersson (A% = —5 ), L. Carlson (ﬂ'c), R.
Thauer {§1t), Ch. Kayser ({£), C. Wyndham (j}i
77 U#), T. Nakayama (A7)

IUPS £+ Fenn fifd: 7~ & @19704 2 H16A
ARTRIZ X D B+ & TRASOEFRIRTS
ZRASEBIL L » T S ET. BRADESHEN
IR 23 ae s VET T ADRITSER o
LRWHETTAS, Chibhid$ S+ AT ol
HEK X o Cfilebhd LBrEd. SkIhc
Vo, IUPS & U CiZEAASIEMETS SR

A AR A T — A

B BB

DER I BT HHIEIMZ W THE 252 T<h
BrLEYATWET, TR YEYT A, iE
AR, REURTT, Rk EET otk s
i, BEEEH I OWTORN, TS0y
<. IUPS BEinflikcied v e i, {3
b oz HOGEL LM TSI L3 TE
5TLrI L, Fefiibd 7wy =2 FOld
AR OB LRGS0l BN 5
ZEBTEDTLIN LS T ETT,

DLl & 5 3k od o T, ifdmat o EER
fi i B 3 S8R R B R 5 B v ik SR
HEEFVTLRNE— IR T IHEEFELET.
ARSEIATF vADY 2 vORlEER S “T
TR BRI Y VR YT AT BT, ZOE
ool l EagnfinsFact.

(If1F454E 2 H24 1)

BAEDMBERSF

TROL I CHREEME 5.
RYFRIEBEEET S v

B

BESMiEsMLE

HH AT OB DV TSR £

BHETHREN  AAEAEIER

AL B R

I, B B WF45E10B15, 16, 178

2 8 R
3. SEA XY

BHERF YL
§ B25R



262

(iR

25 3SR EENIRY ERATLRD
ARG TISHEELDTEHETT.
QO 2 FOREAHTH L L LIRRESERDE
L., &5 CodEneE I ArkiTshido
RS, ZhidAhETORECEENLREE
THYEL O TCSEAW2TR b TH
WEY. 223, 4 5ESHBERLETOTHE
TFTEWET XS, T, SEREARBSNL L
Vv, RETHNENRLE D Thh, RS
BREGE 5 BV B ET,
O 3 Admoi e R RRTESRS
AhBo Lok LI0ATA0H O ETIFO YR
PATEERYELE. CORMATEEVIER
AR DB EELRAC AP S D
HO LB EBWET. Mt Eh HuEH O
I RVEHFEL W AT T.
O IFHE Ty X OFER0%HEDEL
foo SRR LA 9 ABICRTHTLEY-2 B
FEOBATED T, FTObe o iRy
ARG PR ARSI B RT L LR L
TEHEENESHLRENRERFTREET.
O EEHEORBTHMERE LTEBRLTVWLORDE
AABRFTOR T ARERS LD TTHE, btk
ROl LCHREMFERMN X b 0 BAROT
T, SEOERERREROHES L EROME L
LR L VRLEWERLTWEELA
. ST oA S ol hE T TSV
R ET.
QO 3 Bl TR EGE SHWHL T
B0 E L, BANAMEREHEI R RS ECRETT©
HET. SHLTRAILETES»L LA ER
AR T AR L CTH S BEV & 13 A0

LR LOEHENTHY 4.
#
BEROEE® W WM
W o 8 = B
B — F 9 A
® OB BE W K
AR RCRemE)  ® W

#
E

%
ik

O ¢ Qo4EmESBaoN BB ERke
FHETEFRLEESRH N E L. §3%D
FEeNTHEE, B350, e T4
XA DWT) SRRBEE Ll «FE O
fTishh, HEETHLFHROERG, B, B
B LTEESy, BHERLLEL K S pE
A, WHAWADERMBEALNELR.

O 4 A1 BofF#AS T RHEBRERTT, LA
oW LTRERTEbhELE. TORN
3L S S G OREETN T TrE L L
FEWLIIOTHYETOT, ZOCHREE
FTHEEET. LBREARHCIEES Alcod BhE
L7 OFEMSR () PREBEhIL.
D E E—EA» bR R ORI iR H
LTI B obhE i, doLbbioD
HERREERORBZF2EECLTWED
T3, EHMFLTFR SN TV HIEER S
FAOEEFED D, OWTIHEIESORE
Wt itBEchhELr. LREEEE
Bi—ISEEd wixd 0 245, BiToka4H]
Lz, RElfasoiir iy, 25,
RitoYEHE LRI R ML (SR8 4, &1
ZERATAFTERY RIS (SAE10E)
i THEDET. Lictio THRITOSAK
CERETRER AR I AEEBR ORI I
MRS, LA TSN FES b
THLET. L, HESIHEIE5 5ol
EREIrhTwa X 51, SRATRFEESEA?
SDEMERSTZAZRETSHEOHTERER
HERANEBHICR > TWBEWEAEL & 5
L, Sbhigamzsnd FRERLEESNES
SBETHADEL Y. ZoERcHEREA O
BEEhsi s o d, TofEENET

iz &AM Sh 5 IRETT. (HTIEE)
£ B

i # B E B

= F & ® E

F (Hehmai) a2 % (i )

Z (R ) fONDOE WO
[N v )]




263

BXAEBFHERBRE

FoOSRRHETAEECENT S LT
T8, TEOHEELLEXR . TTEWw. B0
ERNMLERTRELET.

[.R’ %

A, A4IR (21x29cm) @ 400 P34 ERT A
Huvrlrs, Mz —% L5004,

EEize b ExA. LrLRD Lo 2
ECOLRREAFE ATl s am
LEDET, ERERALRNOERETETS S
DIEHFREE T b E1.

B. &% (B 1E) oLbiuciim, M
SSLN L, 2584, FiBs LG X OFER, EE
HHES3H (UDC, BASEM : E-k a8, B
FEZ AvT— o vigs, 1967500 i Xed
&, TRTRERONE, RADR, FRERE
B, WHEE~OFU E R s T,

C. Mol (FE, ¥4, iks X T
200 FELAN Db B0 D) BF TN AN—~RAT
FATLTOTES. TR 2 (Lifkka ©-)
SETT,

D, A3 LR~ X TE LT HER
BLLE, 14 v FEER LW E L BRT v
FeS{vELTLOTEIXY vy bTsE
. WA SR E LR AR g,
MR X UL BvE 7L B2 & ERS T (deat
28%, M1, 1967H0) KXo TTFXL.

E. E# 03 Fig. 1, Table 1 7 M4
W& Et, KoM iR CRERFA TS

PMEEIRELTEEET.

F.oESSEL, 0, X5 1ZA, B, -
wEBRIRL, 2, e ABiza, b, - En5
LH5THBTTFE .

G. sk ofEd H
Lo e Lo FEaeiliso s,
FOEFCHSELFET. AL EAOSRS
PR B Rl Yer ol RWET.
BT AR DY CRRE e
#)2 : Hodgkin & Huxleyl iz Z#IE v
2, KRBUBIIH & 4 © ABCIEED
L, ZRHROBFSLBELES. FELT o ol
LR ETARPIITET.

3. MiEEEES (EEER NE. MEg
#, B %) oHCiELET.

GI1 e <F, BRITEE (1969) WRGmEE
OIEHT & & B OTNERIEODE, Bl
31, 65-75

# 2 : Hodgkin, A. L., Huxley, A. F. & Katz,
B. (1952) Measurements of current voltage
relations in the membrane of giant axon of
Loligo. J. Physiol. 116, 424448
L N R R (R
Ardh, W, TE4, BT, £ ONENL, SIHE
DOETZEE LE T, Ml EAraiakicit e
FEIBMEEAO L 2 5 BRI AOTRA D 2
3.

#]1 : Conway, E. J. (1957) Microdiffusion an.
alysis and volumetric error, 1st Ed., Carkon
monoxide, Cresby Lockwood, London, 326-330

{1 2 : Scher, A. M. (1965) Electrical correlates
of the cardiac cycle. In : Ruch, T. C. & Patton,
H. D. Physiology and Biophysics, 19th Ed.,
Chap. 30, Saunders, Philadelphia, 365-599

5, 55| & DSREN & EhES IR Licar
kLU rDF | BEEHELMTL, "L D3R &
FRZZLET.

6. MEbHOEMELRMEECI D D T H
DT 2NTRERREN Y, b T v
DTV T AR E REIAMEREIE (1969, A4
RS ek, S2HPTHIMNS) Eicid Index
Medicus Itk > CT &V, ZhbBvhoio
WO ERUTM LSO & b ISO R4 (K2
AVF—Yavay FF ey, 1967, LEEAY
iR, MRS HYRR, 39-42EZ)
LA o TTFaE .

. #BfEEldiEs

A, BEITHERED Y £ A 45 400 SRR
AL A ZRE LES. PO AIC S hD
EOTHBELTTE .

B. HEOTEA 4 fe MEMNTT.

C. RBEDHEB~GRIUET., fmiflay
~ B RCELHEE ST ABERDVERA. £
O RMOEE, FER, R aHELdo



264
BTTFEw.

M. 58 #
ﬁﬁ%ﬁ%%&.%ﬁ&ﬂaoﬁmmk
HECHECE S
A, FEiEH
1. flo b 2EMANELET. 4m$u
TR 8 #eT
2. R 2EBATT.
3. FwiwE oy, £H, FEA, MEzRL
: Eiz‘:ﬁi)‘i‘éﬂkhﬁﬁ'.
. AR
L. RlbED2HENE l,-iﬂ- HT AR
—ACH 4 TR AT, 2 E-2 1E00
TFaw,
2. M#EI 2 @EARTT.
3. WEE o, FEIRKLC, FEL, N
BN LT LA RRALEY REOMED
#),

4, ilhﬂ:&c]"ii«—%@%%'[&ﬂ%%%ﬂl
?5 T ET (FEOREGEHME).
5, fIEgE o TTE V.

. BREAREEES

A. FWELT%Q%A®%T®E®%ﬁfL
Lizhio TTF &,

B. #hsminimyg, M, FHEL, FE, iifc%
£ C 400 SEREBHATARMG 2 80 (REIET)
Rk

-ﬁﬁEEmLm4w$%WMﬁﬁU0&u
A, B 4 BB T : .

V. Zoib
%Aﬁ?z@l’kjﬁaﬂn f ¢frﬂ~f~.l D, =a—A,
e, HE, EEE, HYOR YA R Aol 4
%K%%%é@&@é&%ﬁﬁﬂbi?.?«f
M3k, FE 55T 400 SE5 IR R0 2
REEEHTTI. {1970, 2 89)

EOBE R (31, 122, #EWN
®

=)
w O

fRdERE I 35 v Bl 0L L
a-chloro~y~amino-butyric acid
(a-CI-GABA) I 2wT

y~Aminobutyric acid (GABA) @

: =
r—Aminobutyric acid (GABA) DINEEEEIC
SNSRI T BRI IV, &
ERRUIRRTERE W 1T B kOB ke a-
chloro-e—aminobutyric acid {a-Cl-GABA
DWW .

~



@G s - I8

K & BB OB OB

- fEAR A A LR AL T @ LB R R VAR
JULO A L B SCRBmEm T WML en
AR O MR & & N B TPRLEIEL I Lo, S E R
FEATIZ 6otz I IONHE ¥ 2 52 5 MR T, BB AN & BN
1A DAL AVZIRIE S T B, R VTS e A S L
TR RGN X 00D B,
W7 B3y 168p % 1,300 T 90

Br BE & 1@ ¢

RCLAER RELIE AL w
e RN EACAR I Vo S B E T 220w, B
W T % & iR OB S IR F D R
CcitzrireambhToL,

2 549 194p~ ¥ 1,600 790

PR i 55 B BRPREN & #k

PEHCHL B AR 1 -7 -10
TEATEOE L0318Aa- LR L 1C) IR AT 13616

@ =rik1,200, FIOFMEB ABE aun

i

1 n

1,200 00 SCik A IG B LT, ZPEF - AREISE « HLEDSE - D
M A TSRS, T ONEEINYREIN - fEN fl\ - ,,;, b & REGE
TG BN ¢ RERECTH « I SR AN R D ELAK 2 5D
[ R e - o D P B NY-, ST L g b ¥k Sl ) B A LA S 2
2N A TR M B YT Do S IEIEOTHT B 4L T
Dh, AL ﬁfm\?):..'./:-"ﬂIJ*L_A\ Lifcdtes BERM £ & Laddbil,
Eolesaiil oo EL, TEDN U Eeen TR RS
-’)us“:-b.llx‘i!i&{-]‘b"cu%o

IGRBRT
eyl

DL v F— % pEsxspanm ':h‘lh’u]i]

b DRSS U R R

"l

AL VON FREY ¢ BL HEVRY HEAD
Towi WRFeATiE  REANCAOYZFIE  ATTRIRRUATIL  ANTIITILSS
EFFLE s L HRRRAEIE dvdERR RRDY Afptp IR
S emEAh s o — R CEIBEHATOMINY BV U BGEIRRME L

ML KT R MR CESRADHMZ Yo oo IR R MERGIO T E

PURIT A AL A TR dMBEIRIREE  CUNIRE BIRR TR ok
Tﬁ: X#mﬁiﬂté&ﬁ{qﬂmtaﬁﬁmﬁﬂ Kt ] “i‘#ﬁ?*h.@?é:‘fil;
E RAIRE - SR PEL T TS S £ é:?"r" Shasst By g
tm%mﬁ.'ﬂ FIERIS & 25T SRS & A BT o s B
PR E ¥ R (L 2w} AW FHE ey Ey 2
MEF SWoRT 2SS EMEN SFIES By IFmET
FRIGESRN W2 AR A EOTES Y SMMLRE NEOSH
EARROWR PTRILMO R LML LYo R e

AT -

A 53 396p.~ ¥ 4,000 790

i

s

P-4

]

cona ZILZBMERLEKXES

E+ UF- 15

%

Ry L M= AN

.

B

FEROMNE

1. B fE

Na 1mEq,/¢ X10 ~*¢
K 1mEq/4 X10 "¢
. HEPURIEREE
3. Na, K [@HZE
FE 2 %A

IV R IR E=NE

FRERT AR e SR AET 2 ¢
TEL (256) 0911 (f)

T%xvamﬂx

AR RRAE OB b

a K%

M

J

L=

o)

LT

1y

J2sE & L d




B S A E, WiToL AL -4 —-RE 723

MRl BRI £ — A — & LT R 2 - TR0 337 2= 8E

A& DR TR L2, AL A Y L - —(AR100) % IERCECL

I
F L7z PEMOBG &2 L oS TS AT G 29, NEEOWE

BRI RI— B T &0

Jo& X 520330 210em

ER 224

WA &G SETARRLBFBREA)

LREL—— (Fa<TARIN) ¥E
(1) MeBAEA Az 2515 (1 3—3 1 1)
(2) 1 AR 10cc—100ce & B o iy L 1)
JEYE ARSI,
{3) AP B T LIS R A £ A,
(4) NI EIE 2 10~ 60I0] 3 Tt i TS T,
(5} WO 0 22 eh BT, ACI100v 35w
(6} RRERMISZETIT R 24,
3 JAIE TN AR, 300 120--300ce) AT 2

7aAvEMI LS

AR K AR 2 —14—14 T EL03(811) £151




HAFFNER% ﬁ;ét ;E §jJ % iﬂlj l/_:LE1, %% E

=hiff EFWER 88

AR 1 BRI BT & B e w7 A o> IVIEPE A M B 1 2 & My 0 ST AN S %

SEY B M TH D * T

BIM b 2 FEg e — 2 —Iio ksl 2 A —2—i LD igEhiEzvoc
WA —5E O NIT M D fth o dL, A2 BOMIAN & dl skt o oslker B = & e & T,

|
i
!

IQANO * =t =

EFX—F =%
KEREHIP R RITFTRT
R ZEFFSERR fEl3E

® AVHEN S L CUITND B > O HRIIE 3 Ag~ 64y

S T,
L REEE R I e MU N P B R Rt £7 1 il e [ S R i R
VB
.-

® 25 L A [T 2 ) LA

FE R /R 54

® 5o [EGEAE 600X 600X 217 (Acil)
BB A SR

® BN FH B SESE 600X 600X 21Mn % 5 A & — 4 A 41
A | B G T ool Sl A G- e

{8 B RY

N FEdaoins BIEFRENROEN

(2) ¥R 23R (Y HDOMERET TRBEXN~258

#*+ BF Lk B W, 5

PG5 113 HURURI X A3 H44~6 TEL(03)813-481 1 {(4%)




FIAAFIRE - 325 4 5 - TSR A A 1 BREE  (BEA 1 A3EFT)
G M2 £ 5 B 6 R M3 M B W4 E M

J. Physiol. Soc. Japan Vol. 32, No. 4 (1970)

Originals

Takemasa SHIRAISHI : Studies on the glucose-sensing cell (gastric type) ««o:eoeereeeiineienn 203

Norio SOHMA : Experimental hyperphenylaunaemic animals and cystathionine contents

1 DRI EISSUIES o skt aia e S P B s d e e e s oS et s Lo g

Mitsuo TANOUE : A physiological and histological study on the excitation conduction

in the cardiovascular system of the rabbhit ---cooveeireiiiiiiil.229

Short communications

Mamoru FUJIMOTO : Determination of intracellular pH of erythrocytes by DMO

et e e A o s Fe et s e DA

Fumio ITO : Spindle potential of the frog muscle spindle depending upon the

exclusion of extrafusal muscle fiber - -« ovoveeiiiiiii 249

EousTE : S ke

ATAC

7""~9ﬂﬂﬁﬂ%¥-§‘rﬁﬁ

ATAC-501-20
EFEOMZEIC. ERKRICE D
I &

FVWPFL. TATF LD

BEIPBETT,

*ha07. ERAGAIEExY L
£7,

= A W i WS ik =X = it

HREAHEXREES | —31—4 T 161
= 03 (953) 1 | 8 | k{tx:

[om+|lm Il fETEASR

=

o
e
ZIl

ik

B
TR SRR R P

& | SlilmHEHR e

&





