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Die Feinstruktur der ultrazentrifugierte zentrale Nervengewebe
Yoshimune Date (2t Institut fiir Physiologie, Kyoto Universitit (Prof. A. Inouye))

Proben der Grosshirnrinde von Ratten wurden Zentrifugierung (10000 g x 60 min.) mit
Hitachi 40P Ultrazentrifuge unterworfen. Danach wurden sie sofort mit OsO, fixiert und
in Epon eingebettet. Von diesen fixierten Proben wurden diinne Schnitte fiir elektronmikro-
skopishe Untersuchungen hergestellt. In einigen Féllen, wurden sie, nach Beseitigung von
*Epon, auch mit einem optishe Mikroskop untersucht.

Unter der Zentrifugalkraftswirkung kennten alle Zelle in der Proben sich kaum halten
und schlugen die intrazellulire Bestandteile des Gewebes sich schichtenweise nach ihren
Dichten nieder. Daher in elektronmikroskopischen Photographien kamen die folgende Schi-
chten hervor :

(1) Myelinschicht, (2) Lipidschicht, (3) Mikrosomenschicht, (4) die Schicht von den Mitoch-
ondrien und der abgerissenen Nervenenden (Synaptosomen), (5) die Schicht, die scheinbar
hauptséchlich aus Nuklei besteht, und (6) die Schicht, in der die Erythrozyten und die
abgerissene Kapillargefisse auftreten. Aber die Begrenzung, besonders zwischen den letzten
zwei Schichten, ist nicht so scharf und klar.

Also, um mit der oben beschriebenen Resultaten vergleichen, wurden die Nuklei-fraktionen
der Grosshirnrinde elektronmikroskopisch und spektrophotometrisch untersucht, die mit der
Methode der zentrifugale Fraktionierung hergestellt wurden. Elektronmikroskopische Beoba-
chtungen haben Einmengungen der dicken Teilchen in diese Fraktion demonstriert. Anwes-
enheit von Himoglobin, Zytochrom « und b auch sich spektrophotometrisch erwiesen hat.
Daher ist es klar, dass Erythrozyten und Mitochondrien, oder Fragmente dieser Komponenten
in der Nuklei-fraktion sich mischten, eine Tatsache, die mit oben beschriebene Beobachtun-
gen an der zentrifugalwirkung unterworfenen Gewebsproben gut {ibereinstimmt. Daraus geht
es hervor, dass die Zentrifugalwirkung auf der Gewebsproben gleich mit derselben auf dem

Gewebsbrei ist.
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Abb. 1. Die optische Mikroskopbilde der in Epon eingebetteten Probe der Ultrazentri-
fugierung unterworfenen Grosshirnrinde, (a) das Epon Harz bleibt unbriihrt, und (b) nach
Beseitigung von Epon. x 200.

Abb. 2. Die elektronischen Mikrographie der Erythrozyten (—) in den Zentrifugierten Grosshirnrinde
(Ratte).



Abb. 4. Die zerfallen Leukozyten (—) in den zentrifugierten Grosshirnrinde.



Abb. 5. Das elektronischen Mikroskopbild der hauptsichlich aus Nuklei bestanden Schicht in den
zentrifugierten Grosshirnrindeprobe,

B

ABb, 6. Das elektronischen Mikroskopbild der rohen Nuklei-fraktion von der Grosshirnrinde der Ratte.



584

L,QW§@w%T%$Lt.&%@ﬁ%,k
HiREZ, MmEk, MmESELEFEETSZ
k%ﬁwbk(mhlb):hmﬂbf,%@
Bl TRIALOEETHETSZ &
ZHED THREETH 572 (Abb. 1 a) Be < bk

CAERIDETRICHOEVER R VD LEL
b5,

2. BYFMSIC X 58

JEFBMBTC X B BIBRIC X
FEN wéntﬁﬁ&ﬁﬁﬂﬁabf
MEECHE L.

B D SR Ml TE, Moo iBs LEEn
f%mwoamﬁgént(Mh%.%mﬁm
SV LT B0, ZOREZEL V.

FRIERRE (e C, kGO Rl £

O
a
430
0 '\/\_,_———/
~-01

b
$ ot 40 445 b
[\
;.3
rd
S 0
Qa
Q
S
b -04
3
o C
O oo5t 40

o /\/__'

-0.05 t
400 450 500

Abb. 7. Die optischen Differentialspektra der

rohen Nuklei-fraktion von der Grosshirnrinde, (a)
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~ Effects of changes in the external potassium and sodium
concentrations on the electrical and mechanical activity
of vascular smooth muscle of the rabbit

Hiromichi Ohkawa (First Department of Physiology, Yamaguchi Uuiversity School of

Medicine) » _ : '

Effects of potassium and sodium ions on the electrical and mechanical activity of the rabbit
common carotid artery, abdominal aorta and anterior mesenteric vein were studied with the
sucrose-gap method and the mechano-electronic transducer RCA 5734 simultaneously.

The membrane potential of these three kinds of preparations was decreased and the ten-
sion was increased in the potassium rich Krebs-solution (replacement NaCl with KCl and
K;SQ,). The spontaneous action potential of the mesenteric vein was increased initially and
then abolished with the depolarization.

Total absence of NaCl in the external solution (replacement with lithium chloride) changed
the membrane potential and increased the tension of these three kinds of preparations. The
changes of membrane potential, however, was variable

In the mesenteric vein, total absence of NaCl in the external solution (replacement with
choline chloride) decreased the membrane potential and increased the frequency of spontaneous
action potential while the tension of this vein increased.

Total absence of NaCl (replacement with sucrose) decreased the membrane potential of the
"carotid artery, however, the change of membrane potential of mesenteric vein was variable in

this solution. The tension of these preparations increased initially.

I.& &2 2 &

BT, MIRAPNEMIESR L O sucrose—gap ih%
T o0 I8 P-4 6 0 BB R AR BRI B 0 5 %
XA BN S IT 7 - 7z (Roddie, 1, Trail, 2,
Keatinge and Richardson, 3, Keatinge, 4, 5, 6,
Quthbert and Sutter, 7, Cuthbert et al. 8, Barr,
9, Su et al. 10, Su and Bevan, 11). L2 L,
BIREEG BT, BICBRNERENE
FALEE 0, ZoFEiddiyv (Roddie, 1,
Trail, 2, Barr, 9, Su and Bevan, 11). —75,
Zh S E R T O IEEA I 2 IMRK A A

DEBLT O, TERMOEERS, Al
T 3R IfERHE (Kuriyama, 12) TH 5
hicfER e, BERBEORBEN, Frvr7xX

R AFEERE 1 A g
(RFI424 7 F18HZM)

(J. Physiol. Soc. Japan (1967) 29, 586—595)

IERESHR» S b 25T s  (Kumamoto
and Niu, 13). ‘ S

%7z Bilbring and Kuriyama, (14) 15+

U7 3 R INEEROTEE BN, EEAIC LT
SME Na 1 & V353 5 2 & 2B T30,
HE B OBEBMICT 5 Na 1 4 v 08
R, BEIRSHFIROESEBAFEECR T 5 Na 1
* v OFEIEI O TETRHAD ERE .
AERL, MEVEHOERAB L OHEBN
BT 5, SME Na 1 4 VB LKA A
VOEBERLMCT BRI TRbREZL DT
» 5.

I. 2 & 75 &

T KRB LT ¥, EARLT A
FEHEET 5. EBAL LTl i8S E)
Ak, FERBIARS L O LIBHERIRTH 5. Zh
LOMERK 4~bem OEIICEIV LY, E

»
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HOMBEZER <. REIIRS L CEXIIRI,
M 1mm ficaAf RICEIVHL, Toks
¥ 3em Lo b 0 E FAvie. LIBRIEEIRIL,
MEOREEFICE) VT, M 2mm ©
BEMEOEAL LTH 2. Zhvb ofERz
VT, iBE O sucrose-gap ¥ L (8 mechano-
electronic transducer (RCA 5734) ik Vv, &
KEVTEENE 36 & OV BRASTE B 2 IR RTE L
7.

EF K (Krebs &) OMRIZKROED T
% %. NaCl 120.7 ; KCl 5.9 ; CaCl, 2.5 ; MgCl,
1.2 ; NaHCO; 15.5 ; NaH,PO, 1.2 ; glucose 11.5
(mM). B VY LHE, EEEO NaCl %4
A0 KOl (CBB L, SMED Vv LRE
» K80, #HwvT, #h%Fh 160mM, 80
mM, 40mM &7 5 %) ke v, &F b
VY adE, EEEo NaCl z2hFhigsn

a

» LiCl, choline-Cl 8 X OEE#E» NaCl &
&3 0 sucrose [ZEH LK E AV, oM
Az Tedgeds,  KSO, AV TEKHK
oL BBAE, Sk Ca M4+ VREZIER &
L L7mb o, Call, BED 4fEcE LT
» 5. %i-, choline ¥#izix atropine sulphate
1074 g/ml 2% THh 5.

NG OWICIIRFEEZBEL TITE1C ITF -
7o, ¥, ERWEOWERX, 8~10ml/min &
L7.

M. ® 8& & R

v FHREEIR, ARG & ORI
MRid, b IEERD THRBEOESEME
ET3TENBESNDD, BREBEGHERE R
Tix, &0 HEMEIES TR (R, 15). &
FERICHW-BIIRER RV Fhb BREDEE)

b

E—————""—""""""""™&_______liew E "*J“’—/-M\]wmv

— T T,

t [R—

4
isotonic KCi W. 30sec

M W ]Mq
t t -—

isotonic KC! w 30sec

Fig. 1. a ; Effect of isotonic KCl solution on the membrane potential and tension of the
common carotid artery of the rabbit. b ; Effect of isotonic KCl solution on the membrane
potential and tension of the abdominal aorta of the rabbit. E ; membrane, potential, M ; tension,

W ; normal solution.

a
mg
600
o M-P
@ Tension .
400+
200+
5 min

KCl w

b
mg, mV
201
O M-P
400+ \/ ® Tension
104
200+
H ; 3 a 5 6 min
| 2
t. t
KCl w

Fig. 2. Effect of isotonic KC! solution on the membrane potential (M. P) and tension.
a ; common carotid artery, b ; abdominal aorta, W ; normal solution.
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A Kot o

¥ FREBRS X CE KBRS VT, S
#% NaCl z4# KCl cE#+ 3L, Fig. 1l «©
R, BEMORD LERAOEMBEA S
5. ZOKBEETITHEEIZESCHSmL T

prBEbnsR, EAEHR Fig. 1b) kv
T, MENONSAEBRRbRB. Zhid
sucrose-gap ¥EIZ BT, test Y DIEAR O —i
DEERRELEETH B, il (cold-Krebs
WHR) OEALENEEL T BRdnbah
mee. E%&hﬁﬁ?é&,%@ﬂ@ﬁf&%
FIDET AR b B.

b OEXIE X UBREEE T O RIS
L& 200 R CHIE L7z o Fig. 2 Th 5.
Fig. 2 a i3RHEE RO, Fig. 2 b FRERERD
BB X ORAELMERL T 3. BB
KESFERBIROFBKE L, BEFRTI

a

PR OEEE KeNa 4V

B2 TR SmV, BEREARTIE, BEHE
255 TH 20mV OEEBMELERLTYS.
T REDRICIB VT, SHES D U AREE
% K80, zfivcimses e, KC @
DT L AR R OEMA A bh
5. BV AEEL 160mM ot BH, AE
AN AEEREREEO A LTS 5.

B Uy AEER 160mM ok %3 Fig 3a
DML, REBRRSBEEIOWEM R % b
5. 80mM ofd FHRICHME X O9RSID
BENRS SNz, 40mM TiE, ZoEARTIR
JEEAL B X CIRICIIFEA EEE R B e
sl L L, oERIZBVYTE, B UYL
BEE 24 mM (EF o 415, 72720 KCl &if)
DR, BSPICHAHE L RS OBEIREED bh
T Fio, VU LBER 254F (7272 L KCl
BI) ORHCIIND TEITIE D 3 0HSmE
EAEMAED bNE I enbEL DL L, W

b

Eooo " T Jiow
] W_/___’A\‘\]m\v .

e

1160mM K w :sosec

Fig. 3.

MM}ON
1 1

+ —
80mM K w 30sec

Effect of high K solution (K;SO; replacement) on the membrane potential and

tension of the common carotid artery. a ; 160 mM K*, b; 80 mM K*, W ; normal solution.

High K w
1 2 3 1 4 5 6 min
1 1 1 ] 1 1
mw .
40 ® I60mMK

o somM K:
E o 40mMK

Fig. 4.
tension of the common carotid artery. a ; membrane potential, b; tension, W ; normal solution.

400

e 160mMK®
o somMK®
o 4omMK®

mg

Effect of high K solution (K,SO, replacement) on the membrane potential and
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DEEDIE S V U A PEEEREE DFI2.5~3
ERETHAHH LBDONB.

TROOMNEDH )Y AEELIEEMNB &
VR DREEEOBFRE R LD ) Fig 4
Th 3. Fig daizptml, BRHEIHT
%, 160 mM #&Ti3% 30mV, 80 mM & T
15 mV, 40 mM ¥ TikE 3mV Ofis
s oh s, Fig. 4bdsh )y njEEELE
HOBEELERLTH B, ZOBE, 5+
WeH Uy hJEEEA 160mM, 80mM DR:ic
X, BHOHEIMIZEE L LT3,

o FBRIEHIRIC B T, SEH U Y A
BEZ 40mM I L7cBy, EEMOWBD LR
HOEMA R bz, EIIEEEA DA
EL#EmL7z. Fig. 5 a 3EXRKEFcoESR
MIEEBATH Y, FOMEER 44/min Th
»7z. Fig.5 b &, BRHEOITZHMEMETRL
Th Y, FAFE T BWER 4 110/min
LMLz, L L, ZoEnU-IEEBEr
FEHRE L S cilk L (Fig. 5b ).

B. Na f % >t

T FREBARIC BT, MKk NaCl 24
# LiCl wE#t % &, Fig. 6 R+ &<

BN ORISR b S, BT T OBEAT

BRI BN H S e, B
IR EE R Lz, Fig. 7 1X 3 flokk
BERLIELDOTH B, EARICE 5T,
REMLRIH L VHIBERTL 02X H >

Fig. To

5sec

Fig. 5. Frequency change of the action potential
of the anterior mesenteric vein of the rabbit in 40
mM K* solution. a; normal solution, b ; 40 mM
K* solution (lower ; 1 min after replacement).

E *—‘—‘—r\ww]mmv

I
1

Li-Krebs ‘;;;

Fig. 6. Effect of Li solution on the membrane
potential and tension of the common carotid artery
of the rabbit. E ; membrane potential, M ; tension.

mg

Effect of Li solution on the membrane potential and tension of the common
carotid artery of the rabbit. a ; membrane potential, b ; tension, W ; normal solution.
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7. L LUEBMOECL»»b 6§, Fig
Tb WRTIL, WTFRLEIOENASR L
7. ZOEAEIT LiCl %EEAsSETw5
M (R 5 53H) kL.

7Y FEREARICB T U F U AIRERLIC
Xy, ECESOHEMRAR LR, Z Ok
VF U ARERY (3 9MH) L7z, RENL
RERIC L VESBERTLOL, FAA EEL
CLBVHDERD 5, CThOERCEY
THIES ML 2.
IBRERARIC S 5T, VF U ARERIC X

[ S ——

Ssec

Frequency change of the action potential

Fig. 8.
of the anterior mesenteric vein of the rabbit in the
Li solution. a ; normal solution, b ; Li solution, ¢ ;
recovery. ’

Jimv

) M '],9,5,

——30sec

1(:hollne—l(robs

Fig. 9. Effect of choline solution on the mem-

" brane potential and tension of the anterior mesen-

teric vein of the rabbit. E ; membrane potential, M ;
tension.

D IEEATZ LA BB, LD F i —E
LA oz, LBPLWThOBEAIERVYTLE
TP b A, :

Fig. 8 RBREHIRTO U F v AIEPICB T
5 HRMEEHEMOREL R LT, Fig.8a
X, EERT TOBESEMOFEETHY, O
BEEEE 2~3/10sec Th -7, VF UV LKE
#iiz X v Fig. 8 b o<, BRMHICE, %
DIEEENEEL, 4~8/10sec Lizo7z. L
LB 20 EBIEMIEERT 2 X5 Th 5.
Fig. 8 ¢ i3 BOEFHRICER L RBOEEE
RLOREEZRLTH 2.

BRI AR B v T oMk NaCl % £ %choline
Cl icB#+ 5L, Fig 9 wRTIZEL, B
WEEHOEIME BALNS., ERERPTHD
NAEENAEANEE, BRI X DIER LR
BHYERAEME 25, L L, ToENLE
#BE 1%, choline IRV THRACHED LT
5.

Choline JRICEB#AT 2 Z iz XY, MBS

Frequency change of the action poten-
tial of the anterior mesenteric vein in the choline
solution. a;normal solution, b;choline solution, ¢ ;
recovery. Numbers indicate the stages in Fig. 9.

Fig. 10.
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sucrose Krebs

30 sec

Effect of sucrose solution on the membrane potential and tension of the common

carotid artery of the rabbit. E ; membrane potential, M ; tension, W ; normal solution.

Fig. 11.
mV
20
10 4
a
[s] - T T T T T <3
1 2 3 4 .5 ]
t 1
sucrose w

Fig. 12.

400+

200+

T .
y A
¥ sucrose. ?‘W 4 5 6 min

Effect of sucrose solution on the membrane potential and tension of the common

carotid artery. a ; membrane potential, b ; tension, W ; normal solution.

IR BRI BYEAL o FAHE 3 BT 5.

Fig. 10 a REHKFOIEBEMLTH Y, 20
PEEETE 5~6/10sec THh 245, choline JFiciB
sz lickvaMc#EmL, Fig 10b
AT, 10~11/10sec DFE L 7 5. Fig.
10b » 1,2, 3 4 0FEI Fig. 9 0 1, 2, 3,
4 DI TOHBEMEBBEMNORETH B Z L
E/RLTv3%. Fig. 10 ¢ BEEEP ToOEE
ERLTH B,

EFHEHF D NaCl #%43E 0 sucrose |2 & #i3
5% Fig. 11 i3 2e< %é“ﬁéﬁﬂ)l’ic:iswf
&, EBALOWD LIRS OEMN & b h .
Fig. 12 4 flic >\ T OEEM B X UEHD
BEEERLEZLDTH 50, CFhoEik

ZBWTh, Bt EiRIEmEA b5, K
EN7I% sucrose #EH 3 HRIOEE TH 20mV
DD ERLIZ.

IR AL IC 38\ T sucrose Wi H IV B &,
Fig. 13 a4 22 <, EEMORD LRID
BINBHbND. L L Z0EHEIIEEERSY
oAy, BEEN 1 TR Lik
Cwn. 340d 2 FIxERSE 2 5 LINICIERR
RO LAV T Lz, Fig. 14 1340
FRFEALS X OSBRI ORELEZ /R LTV 5. K
BRI ART 2EAL D 700, VWTFho
e bIRITOEIMAH b Iviz. Sucrose Iz
B B GRIERIROIGE B I A IOV TR
TEDOFT, RHTH 5.

]IOm‘/

Mt i "Wfr/\\\/\\‘] o%9

A
|
sucrose -Krebs

Fig. 13.

[
\TV \0sec

Effect of sucrose solution on the membrane potential and tension of the anterior

mesenteric vein of the rabbit. E ; membrane potential, M ; tension, W ; normal solution.
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T
| 2 3 4 min
: t
sucrose W
d !
1 2 3 4 min
1 ! L 1
md
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600
b 400 - /K
200 |
o —
~200 + \O-
-400- -
Fig. 14. Effect of sucrose solution on the membrane

potential and tension of the anterior mesenteric vein.
a; membrane potential, b; tension, W5 normal, solution.

V. £ %=

A. KA F e
- 4h NaCl %380 KCl BB LG &Y
R @BEEEIR, BEABIRIC 38\ TRIEER O
B LEHOMEMNRD bive. SRV T L
E% K80, © 160mM, 80mM, 40mM 28
Uik, v FRESHIRIC BV TREML O
t%ﬁ@%ﬂﬁ%%ﬂk-it%%ﬁ%%k
Wb, SMES Y Y AEEE KSO, t40mM
I E T L IRBEMOBED BT b

Keatinge (4) ¥ sucrose-gap Eicky, vY
SIBESIIRT, sk NaCl 2% 0 K,SO, T

‘ FRESE, BRI

TR OB . K Na £ 4

B LCHE, HOoBARIZAZLERELTY
5. FOREIEFH0mMV THHR LS. %
7z, Barr (9) b4 X OKBART, MEABEHE
kv, KSO, BB, #40mV Dfisy
WiEkH T 5. Su et al. 10 ZHERNEHIC X
Y v FFHEIRO BEATEEME 2L T 2

SMEOH Y v s REER AR (EFEK 59
mM) (3 U7k, #920~30 mV DA REDS F
bhazk, %k, KSO, Bfokn, KCI
E%mmbibk%vmﬁmﬁ&5:&%%%

LTVv 3.

AREBRICE Ty ¥ XREHRT, KSO. &
Feigs, » Yy ABE 160mM TiRER
#% 3 43 G30~40mV, 80mM Tk 15mV,
40mM TH 3mV OFLRERFED bhvic.
b, BIRFEEHCH - TH, thoXFEH,
BlziE5 v o7 xR EEH (Kuriyama, 12,
Holman, 16) & [k, REMOKE SEIMHE
By NEELEERD D LR LD b
7.

R « 228 (17) 13y ¥ FEEmE o, b
BRE VT, T 50mV o ILEME Z
THEY, POIOREENH Y Y LAEE20mM
DET, AES VY ABEORE L 2EE
BMERICH B LEREL TV B, ZOEMBRD

EANE A Y Y KRB OLOEZ kI LT 36mV

ThrLwH., —FF Y7 3 X IFERERICE
VT, %ﬁwjﬁbﬁﬁwmfﬁmCﬂ¢é
JEEATZSNIE, 9 33mV ThB v (Hol-
man, 16).

v RS IRIC T, JMNEL Y U A
Ex 40mM 23 5% &, BIREEHBEMORE
ST 5. L L,
BIEHABOETIC L b - T, ZOEEE
Rt 3. 2T VY7 2R IEBRML
EiElc, BRI L - TEONRTEE B Z 5
iz 50D THAH (Kuriyama, 12, Holman,
16).

o RREEIRCE T, B Y Y ARIC
L VIEAOENNAR 5. ZOEIEINIED
BOBICE 20 THAH. £l VT LBE
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2R 160mM ok &L, 80mM DL &, FhA
FELUCENEME R, Zoththo
BV ABECHT AHOBORESIZI LR
S>TWB. Z0ZLiE, EHEMN? 80mM 0
B VY BYETFRA ERRITEL T2 X DI
hhz.

B. Na 1% v o

Ao NaCl # 48 LiCl gt s &, v
FEREBMRTIE, 3HIF 2 fhE, BRI
PLRMOMENR I BN, BITIIEEMIZE LT
Eie. ZOBEEMAEE, MEVIEHEOER
HIcEBEL RO L SICELONS. L L Na
A F T HEEEE VL L 44 vicky
BFBEA/NS AT, BERPIENICIESES
HoNBZ LD, TP RRAIBERT
1% (Goodford, 18), Na # Li |ciB# L7z,
AN O Na o L, Li OMBEINEREN B
ZBIEBRmLRTY S, Lo, Li g
4 v @ transport pEpflEh, Li A4 VA
JaicERE S h 5 T, BRI BEEMEE
St rZichBs FUYs R X IBRET
1%, 4hE NaCl 4% LiCl ic@E#R+ 25 &, 7
TR D RE B A B, BIEMET
BB S D (FHER IR, 19).
¥7-, Kuriyama (12) X hid5 v 97 32 X3
HIBEHT 3T, 4 NaCl % tris Cl 2Bk
T3 L EEMITAEECELL, BREOER
BEBME RSB LS. RBRET)
AR B REREMRIFEF KL, LI P To
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vy X PERERR T, BRE V LAESICE
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EHRMIEBIEMEAE U TV . ZOBEEM
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v AIEHTY, 2 BRI VIEEEN
DEFZZ LR T v % (Holman, 20,
Axelsson, 21, Biilbring & Kuriyama, 14).
RERICE W CIBEESEIRO YV 77 AP O
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BIFRbRRDP -2, ZOEATIERE
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Local adaptation to cold of Hokkaido residents

Shinji Itoh, Tsutomu Hiroshige and Ryuzo Ota *

Department of Physiology, Hokkaido University School of Medicine, Sapporo

Our previous study (1) demonstrated a signi-
icant difference in plasma free fatty acid (FFA)
levels in winter between subjects born on
Hokkaido, the northern island of Japan, and
those born on Honshu, the main island. The
result was inferred that the mobilization of
FFA might be accelerated in non-acclimatized
subjects owing to the increased demand of me-
tabolic fuel for the thermoregulation in the
cold. The elevation of FFA level suggests an
increased adrenergic response to cold in these
subjects. According to LeBlanc et al. (2-5),
Caspé fishermen used to cold water immersion
showed a very low pressor response when
their hands or feet were immersed into ice
water. The observation was interpreted to
indicate adaptation evidenced by a decline of
sympathetic vasomotor tone. It seemed of in-
terest to compare the blood pressure response
to a cold water immersion in the two groups
of subjects born on Hokkaido and on Honshu.
Anticipation was a lower response in the
Hokkaido group which showed lower FFA
level in the plasma in winter.

Twenty—sefzen subjects born on Hokkaido
and 25 born on Honshu and living in Sapporo
for 2 to 3 years were used. All the subjects
were male medical students in the 20 to 24-
year range. One hand was immersed in a well-
stirred water bath at 10°C for 10 minutes.
Systolic and diastolic blood pressures were

measured with a sphygmomanometer on the

* GEEER - RE 77« KHMES ; dLERE
RErEReE 1 Apnaties
(Received for publication July 18, 1967)

other arm at minute intervals throughout the
immersion. The experiments were done during
a period of June to July at room temperature
of 21 to 23°C.

Average resting levels of systolic and diastolic
blood pressures were 114.0 and 70.3 mm Hg for
the Hokkaido group and 110.2 and 69.8 mm
Hg for the Honshu group, respectively. Maxi-
mal rise of the systolic pressure was observed
3 minutes after the beginning of immersion,
the elevations being 10.5+1.81 mm Hg (mean +
S. E.) for the Hokkido group and 15.1+1.84
mm Hg for the Honshu group ; thereafter
the blood pressure showed a gradual lowering
in spite of the continuous immersion of the
hand. As shown in Fig. la, a significant differ-
ence was found in the systolic blood pressure
rise between these two groups after the 4th
minute of immersion. The Honshu group show-
ed uniformly a higher level as compared with
that of the Hokkaido group. On the other
hand, no significant difference was detected in
the changes in diastolic blood pressure (Fig. 1b);
the maximal rises were 9.8+1.6mm Hg for
the Hokkaido group and 11.7+1.9 mm Hg for
the Honshu group.

When average rise of the systolic blood pres-
sure above resting level during the 10 minute
immersion period was calculated, the values
were 5.84:1.2mm Hg for the Hokkaido group
and 10.941.5 for the Honshu group (P<0.02),
while the corresponding values for the diastolic

blood pressure were 6.3+1.1 mm Hg and 9.4+
1.4, respectively (P<0.10).

The above mentioned result indicates a



Itoh « Hiroshige « Ota——Local adaptation to cold

3
i
<0.10
<o.l0
€0.05
o

16+ "
g S
144 T |\ ¥
IR W
12 — S'/ ) e =
! \ 0 O
/ QS o
8 N
10 }
!
oL ¥
i
] Honshu
6 —,' (25)
I -
f
[
ol Hokkaido
27)
| | | 1 1
2 4 6 8 {0 min.

Fig. 1.

597

mmHg

| | | | L

2 4 6 8 10 min.

a : Systolic blood pressure response to cold water immersion of one hand. Vertical

lines indicate standard érrors of the means. b : Diastolic blood pressure response to cold -

water immersion of one hand.

lower response to cold in the subjects born on
Hokkaido than in those born on Honshuy,
although the latter have lived in Hokkaido
for 2 to 3 years. LeBlanc (3) claimed that the
thermoreceptors, hypothalamus, brain cortex,
and also effector organs might be involved in
the acquisition of peripheral adaptation to cold.
It is very likely that the local adaptation to

cold is not solely produced by adaptative chan-
ges in the cutaneous structures. Further study

on this problem is now in progress.
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Differentiation between spindle, leaf-like and tendon
receptors in the frog by their recovery curves of
the excitabilities after antidromic discharge

Fumio Ito

Department of Physiology, School of Dentistry, Aichi-Gakuin University, Nagoya

There are many investigations on the fun-
ctional properties of the frog muscle spindle
since the extensive observation was done by
Matthews (1). Less investigations, however, have
been made on the tendon receptors (2) or on
ﬂthe leaf-like receptors (3, 4) which were termed
by Kulchitsky (5). The present experiment was
attempted to verify the differences in the
excitabilities of their sensory nerve endings.

- The frog sartorius muscle was excised with
the tendon at both ends of the muscle. A
~single afferent fiber was dissected in the 9th
. dorsal root. The root innervates spindle and
leaf-like receptors in the muscle through the
sciatic and sartorius nerve, while it connects
with the tendon receptors in the tendon tissue
of the tibial end of the muscle through the
sciatic nerve and its fine branch in the vicinity
of the knee joint. The location of the receptor
in intact connection with a dissected dorsal
root filament was detected by observing a burst
of afferent discharges in response to a locaj
pressure of the muscle, and the histological
identification of the muscle receptors was made
under a microscope without staining at the end
of the experiment. The local pressure was
applied by means of a glass rod of 0.5 mm tip
diameter attached to a lever of a pen-motor
which was driven by electric pulses of 50 msec

duration. The pressure was also used for the

PR« BNk S s A s s
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orthodromic stimulation to the receptors. The
displacement of the glass rod was measured by
the amount of penetrated light through the
slit of a phototube situated behind the lever
from the light bulb. ‘

At different periods after a conditioning
antidromic stimulation of 0.1 msec duration and

of the maximal intensity was delivered to the

~ isolated dorsal root filament in the liquid para-

ffin, the threshold of the receptor to the ortho-
dromic stimulation was measured by the amount
of its displacement. The nerve impulses were
led by a pair of platinum electrodes immersed
into two Ringer’s pools separated with a perspex
plate, which was situated as near as possible
to the muscle or tendon, in order to reduce
conduction time of the impulse between the
sensory nerve ending and the site of the leading.
The action potential was fed into a differential
C-R coupling amplifier and displayed on the
screen of an oscilloscope.

A solid line in Fig. 1 shows the recovery
curve of a spindle receptor, in which the zero
line represents the normal value of the thresh-
old to orthodromic stimulation. For 1.1 msec
after the foot of an antidromic impulse, no
orthodromic impulse could be elicited by any
stimulus strengths. The period may consist of
an absolute refractoriness of the nerve ending
and of both conduction times of the antidromic
and orthodromic impulses along an isolated
afferent fiber. The excitability was enhanced

transiently for a period from 8 to 50 msec after
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the antidromic impulse for all of
38 spindle receptors tested, and
often reached the normal level
(zero line) at 30 msec later after
the impulse. This period well coin-
cided with that of appearance of
a recurrent discharge which could
often be provoked by antidromic
stimulation alone in a fresh

preparation. This result implies

Displacement of muscle pressure
from the threshold value ()

that the excitability may increase
beyond its normal level. Such a

facilitation of the excitability was

&————-—& Muscle spindle receptor

[ -0 Tendon r P

X————-X Leaf-like receptor

followed by a long lasting supp-
ression period up to 0.5 sec or more.
This curve apparently differs from Fig. 1.
the facilitation and depression
curve of the mammalian muscle
stretch receptors after antidromic stimulation
by Paintal (6).

The recovery curve of the excitability of
the leaf-like receptor was characterized by a
loﬁg absolute refranctoriness of 19.3 msec (the
mean in 40 receptors) which includes a mecha-
nical delay time owing to a curved increase
of the pressure displacement, and by a successive
linear slope recovering until 150 msec after
antidromic impulse without any facilitation, as
indicated with a broken line in Fig.1. The
absolute refractoriness of the tendon receptor
was 5.1 msec (the mean in two receptors), and
the successive long lasting suppression continued
for 0.3 sec without facilitation as illustrated by
a dotted line in Fig. 1. In 35 out of 37 tendon

Time after an antidromic impulse (ms)

Recovery curves of the excitabilities of three kinds

of receptors.

receptors tested, the excitability of the sensory
endings was not affected by antidromic impulse.
It seems that the antidromic impulses may be
blocked at a node near the endings where many

branches may emit.

A part of this work was supported by a grant
from the Ministry of Education.
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Thymol contracture and rapid cooling contraction of the
thymol-treated muscle fibres ‘

Toshio Sakai, Kazuaki Fujii and Nobutoshi Takemoto *

Department of Physiology, Jikei University School of Medicine, Tokyo, Japan

To induce muscle contraction by caffeine the
~ threshold concentration of caffeine or more
than it is necessary (Axelsson & ThesleffD,
1958 ; Matsumura?, 1959), but the muscle

fibres treated with caffeine less than threshold

" concentration, can generate remarkable contrac-
tion by rapid cooling (Sakai et al®, 1960 ;
Lorkovic®, 1963 ; Ludin, Liittgau & Oetliker®),
1966). The similar phenomenon like this can be

observed on the urea-treated muscle fibres

(Fujii®, 1966). Due to Sakai’s»10ID papers (1965 °

& 1967), the bound calcium of sarcoplasmic
reticulum is easy to be released at low tempe-
rature. Recently we found that for the muscle

- fibres treated with thymol of less than threshold
concentration, low temperature could produce
contraction just like for the caffeine-treated

~or the urea-treated muscle fibres.

Sartorius muscles of the toad (Bufo vulgaris
japonicus) were carefully dissected after me-
asuring the resting length in sifu. The muscle
fibres used in this experiment were prepared
to be about 40~50 mg in weight and 40~50
mm in length. The muscle fibres were soaked

in oxygenated solution containing 3 mg percent

of d-tubocurarine for 30 min. at room tempe-

rature. The time of thymol treatment was
20 min. and then rapid cooling (Sakai’s method :
Sakai, D10, 1965) was applied. Muscle contrac-
tion was - recorded with either isotonic or

isometric method.

EFECR « BRIRFINE - MTREE - KEEES
EEKFE 2 AR EE
[Received for publication July 20, 1967

High concentration of thymol induced irre-
versible contrature for the muscle fibres pre-
soaked in normal Ringer solution or high
potassium solution. When the concentration of
thymol was higher than 300 M, muscle showed
the maximum shortening in each solution even
at the temperature range. beyond room tempe-
rature. At room temperature (12°~15°C) the
threshold concentration of thymol contracture
was 40 gM in normal Ringer and 50 M in
96 mM K,SO, solution. After the muscle fibres
were treated with the threshold concentration of
thymol or lower than it, the muscle was contra-
cted by rapid cooling as observed on the caffeine—
treated muscle fibres. This “rapid cooling con-
traction” of the thymol-treated muscle fibres
was observed even when the muscle fibres
were depolarized. Fig. 1 shows.the results of
“rapid cooling contraction” of the thymol-tre-
ated muscle fibres obtained with isotonic method ’
in normal Ringer and in 96 mM K,SO, solution.

Repeating the rapid coolings, almost the same

"amount of shortenings were observed in con-

centration from 20 to 40 uM of thymol. In the
nitrate-Ringer solution in which nitrate, was

substituted for chloride the “rapid cooling con-
traction” of the thymol-treated muscle fibres
was inhibited. Procaine also inhibited the gene-
ration of thymol contracture and the “rapid
cooling contraction” of the thymol-treated mu-
scle fibres. Staircase phenomenon in twitch
responses was observed in the Ringer solution
containing 40 pM thymol.

Since thymol potentiates twitch tension and
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Contraction produced by rapid cooling on the thymol-treated muscle fibres.

Rapid cooling (15°C to 0°C) was carried out by the procedure of Sakai’s method (1965). Cooling
time ; 2 minutes. Rapid cooling was performed after treatment of 16.7 @M and 20 M for 20
min. Contraction was not sustained in normal Ringer solution so long as in 96 mM K,SO,
solution. Contraction height is not always the same.

reduces the mechanical threshold for the gene-
ration of potassium contracture (Ebashi®, 1965),
as caffeine etc. does, thymol is an A-type
potentiator defined by Sandowl2 (1965). The
difference between the caffeine-treated and
the thymol-treated muscle fibres was that
“rapid cooling contractraction” of the former
sustained longer than that of the latter.

The contractile mechanism of “rapid cooling
contraction” of the thymol-treated muscle fi-
bres would be assumed as follows : Thymol of
lower than threshold concentration weakens the
binding force of calcium and reduces the ATP-
ase activity of sarcoplasmic reticulum (Briggs,
Kaldor & Gergely?, 1959). Furthermore, low
temperature also reduces ATPase activity of
sarcoplasmic reticulum. Consequently a number
of calcium ions enough to produce mechanical
response would be released from sarcoplasmic
reticulum. Then the released active Ca ions
were again inactivated and muscle relaxation

occured.

This work was supported by a grant from the
Ministry of Education of Japan in aid for special

research on biophysics.
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Synergism between 5-AMP and sodium glutamate

on taste receptors of rats
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