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Relationship between blood pressure and gastrointestinal vascular reactions

M R 1E  # (Tazawa-Masatoshi) *

Relationship between blood pressure and vascular reaction in the gastrointestinal tract
and in the skin against various stimuli was investigated. Simultaneous recordings of reflexion
photoelectric plethysmogram of the stomach, the small intestine and the skin, the rate of
blood flow in the gastrointestinal tract, by means of measurement of temperature by needle
thermister, and the end pressure of the femoral artery were made in anesthetized dogs.
The results may be summarized as follows;

1) No differences were noted between the mode of vascular reaction in the mucosa
and that in the serosa of the gastrointestinal tract.

2) Gastrointestinal blood flow was increased upon inspiratory movements and decreased
by peristalsis.

3) Electric stimulation of the vagus effected to decrease or even stop gastrointestinal
blood flow as well as cutaneous one possibly by depressing cardiac output.

4) Intravenous injection of noradrenaline caused a decrease in gastrointestinal blood
flow and transient vasoconstriction fllowed by prolonged vasodilation in the gastrointestinal
tract. The initial vasoconstriction may likely trigger an elevation of blood pressure following
administration of noradrenaline, but apparently has no effect on its maintenance. The following
vasodilation of the gastrointestinal tract may be resulted from congestinn of gastrointestinal
veins and venules due to in hepatic and portal vasoconstriction. About the time the blood
pressure returned to the nearly original level, gastrointestinal blood flow increased. Injection
of noradrenaline also caused transient cutaneous vasodilation as well as tachycardia and more
prolonged cutaneous vasoconstriction and bradycardia.

5) Gastrointestinal vessels reacted to electric stimulation of the major splanchnic nerve
in a way similar to the case of administration of noradrenaline, although no increase in blood
flow was observed. It also induced cutaneous vasodilation, which however may be secondary

to elevation of blood pressure.
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Adaptor for reflexion photoelectric plethysmograph

using CdS: cell for stomach and intestine,

cell AL, #EROBHAT v 7 & BERN
1mm ORUNT v 7B E LML, ©
=—VBRTHk eI L (Fig 1), R
piERcEEEg L (Fig 2).
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Plethysmograms by various methods of application of receptor.
A : record from gastric mucosa by balloon method. (man)

B : by same method. (dog)

C : by suction method. (dog)

D : from Pavlov’s gastric pouch. (dog)

1 :from gastric mucosa.
2 : from thumb or paw.
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Preamplifier

Output

. Fig. 4.
Preamplifier for thermister flow meter.
Supplied electric power for thermister : 0.5 mW.
The gain of output : 1 V/°C.
The range of measurement : 35-45°C.

Fig. 5. Recording method of portal pressure.
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Fig. 6. Pick-up of respiratory movement.
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MR AR 0 EE O OB EEEE R

ME X BRI canule 23 AL, 0 end
pressure % HAYNEER! electronic manometer,
MP-3 A BI%§E T, BEiREEERCESE&EL
T, M, MEHREEEmEE T

HOBERL 2 A0 EWEA 1.5em O
Wz v TRIBMIC B S, EREEEEEET
ook L7z,

D% pulse rate metertDZEH L, EfE
HHIERRE FECREk L.

PlE, Rei@Gir =58k, v rEEL v v
w57 PA-20 Bl (& 20 mA/cm) BI W
PA-2 T (J&EE 2mA/cm) 1T X -7z,

M. = %8 B ®&

A, Bk & PRE RS & OB

SR O 7 BERRIE T, AIL0RD R H O
MERES) L —F LT, B O mEARE K O iR
DEMEMED ERRH 605 (Fig. 7). 20
B O M AR K OV LB o0 38 i B &
BZEMLLDLELOND,

—J, ¥BOWEHCRSBOES) & — %K L
T, sV ERLE O NEEER TR O HE
pRHens (Fig 7). ZHXBONKECE 3
muscle pump OEFIC & 5 fIEEOED &R T
LorEZLNS, EE, AR IEIES)
DL EITE, FOWSNAHICED T L AEE



[HR—— il & B ROWG DI E I & DI 21T

Ehz.

B. ®EMETHIC L

oo REMR LN L, - RKEHEOR
Mgz, 50c¢/s, 15msec, 10 VOB O H
WEmzic.

Fig. 8 X B o fuifiic x4 5 28, Fig. 91%
B bR x4 5 A R L, BRI
O EERL TECLOTH S

i ENZ 5 &, FRC, O SHic
B L, 5 BRI OHIELTS. oh
L—EHLTIELABKICTEL, OHEELED
BRI, FRETO 1/3 3 OEE TFRET
5. ZORSE—FLT, B BomEEH
R OMLiEEE D U, Bk E O LERHE b
Bo+s, b, RO ORI
XY, MENTFTHET S, ZHNCE-
bDeEZIBND, )

% 1k 5 &, OB ABICEm L,
BB L 0 L CEm L, KI60FMRICIE,
BT O R L P 8% U< B, —05, MER
OHoEE: —8 LT LA L, HEETE Db
ERET Bz, PP —EDHEE
LrXoienms. F e B RGO MESHK
UM E RIS & 21k 5 & Lo #nic
—E LT, K, HERTO VAL EEIICHE
ZTHEIT S, i, DIRHEOREIC X
D@D b Db, F e BROEO MK
BT 5 e MEILREDO R EW B E L,
FOERICE B L0, Lview,

C. /IWFPRLFUVICLDHE

JAT RvF )y 50 pug R ERKE DA
Uiz, /A7 FLF Y oo & 5 i SO 8
RO T, BAER L TN, BHELD
BITH B NIRRT OV TIRR B,

Fig. 10 R Boffic s+ % #%, Fig 11 &
B M3+ 5 HEER LI L O T, WHED
MK FE Y 2R fo s, AR K o K]
REMBLTE LD THS.

JNT ReF Y vEEATSEE, B TEN
CEREBEOD b, DM B 200 (Lic
%, —H, HARIOHES 160 i1 v uisgd

E/
e

=

X
L
i
s

-

¢ N J\____*'A\»\J/\.__/\\___/L_/\b/\_

e T T T N

S T T T N T

10"
Fig. 7.
Changes of gastric blood flow in association with
respiration and peristalsis.
A : E.M.G. of stomach.
B : plethysmogram of gastric serosa.
C : respiratory movement of chest, upstroke indicates

" inspiration.

D : blood pressure.
E : rate of blood flow in gastric mucosa.
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Fig. 8.

Effect of stimulation of distal stump of vagus nerve.

A : plethysmogram’ of gastric serosa.

B : rate of blood flow of gastric mucosa. -

C : plethysmogram of paw.

D : blood pressure.

E : pulse rate.

Stimulus is indicated by a uppermost bar.
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Effect of stimulation of distal stump of vagus nerve.

: plethysmogram of -intestinal serosa.

: rate of blood flow of intestinal mucosa.

: plethysmogram of paw.

: blood pressure.

: pulse rate.

Stimulus is indicated by a uppermost bar.:
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Fig. 10.

Circulatory changes due to administration of nor-
- adrenaline.

: plethysmogram of paw.

: plethysmogram of gastric serosa.

: rate of blood flow of gastric mucosa.

: blood pressure:

: portal pressure.
-: pulse rate.
Arrow indicates intravenous injection of noradrenaline
(50 pg).
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Circulatory chnges due to administration of noradrenaline.

: plethysmogram of paw.

: rate of blood flow of intestinal mucosa.
: plethysmogram of intestinal serosa.

: portal pressure.

: blood pressure.

: pulse rate.

Arrow indicates intravenous injection of noradrenaline
(50 ug).
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Circulatory changes due to administration of noradrenaline
(20 pg).
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A : plethysmogram of paw.

B : rate of blood flow of intestinal mucosa.

C : plethysmogram of intestinal serosa.

D : blood pressure.

Arrow indicates intravenous injection of noradrenaline

(20 pg).
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Fig. 13.
Partial occlusion of portal vein.
A : plethysmogram of gastric serosa.
B : rate of dlood flow of intestinal mucosa.
C : plethysmogram of intestinal serosa.
D : portal pressure.
E : blood pressure.
F : respiratory movement of chest.
Partial occlusion is indicated by a uppermost bar.
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Fig. 14.
Effect of stimulation of distal stump of major splanchnic

130/min.
20°
nerve.
A : plethysmogram of paw.
B : plethysmogram of gastric serosa.
C : rate of blood flow of gastric mucosa.
D : blood pressure.
E:

pulse rate.
Stimulus is indicated by a uppermost bar.
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Fig. 15.

Effect of stimulation of distal stump of major splanchnic
nerve.

A : plethysmogram of paw.

B : plethysmogram of intestinal serosa.

C : rate of blood flow of intetinal mucosa.

D : blood pressure.

E : pulse rate.
" Stimulus is indjcated by a uppermost bar,
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Continuous recording of blood pH and Pco, and radiotelemetry of blood pH.
First report. Construction of implantable pH-glass electrode
for recording the circulating blood pH
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CONSTRUCTION OF
pH ELECTRODE
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Shielding w1r~e\
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Phosphate Buffer
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Pb-glass
Ag-AqCl
Zlegﬁ«ode
PH gloss Silicon-
rubber ring

Fig. 1.
The construction of an implantable pH glass
electrode.

FEIE SREELIERT A

BRI pH B8 Peop DMUBEIIE KOS, #EBRIMpH O 7 v A2 ) 2 S 1H

TR A v ¥, R HC BWigHicT Cl Ay
BTV, & bz E 0 RicELRO R & BEf
Frebork v, »{tThrzLicky, Ak
Y AR R EALEREME S AEPHKRS. B
W ERO BEEICE pH 77 %51 & Ok
ErE{RoNKBETC TEESED LIt
Bk EE A (Araldite : CIBA) 12 TREIE L7z
(Fig. 1 28). XABRICUNRENZ, &
ELRICE BT AEOBWBICER A TS,
ZOBEBBMOBERICY - T, BTiERETLE N
EL, *OESBRATHEITO 1,000 LA EO
bYooreHERTHZ LI L,
SIERHETERE & LTI AR 0.4 mm DGR E
WFBHE LR Y =F v B8 LT O S
# lem o Cl 2 v ¥ Lic ECHEBROHRE
ST, =AY uA—F— TREEAST R
(LRBARE B Liz (2 v X X 21 LRE
o, Bmmcagic Cl Banh, BEE
RO AR BT = 0RO E(LRERIO
% pH ¥ 7 ABBOATICELET, V=
V5 A=Y e T pH ¥ 7 AEBICEET
5. vUayIA—YrroRNEE 3M KCl-
B TH BRTZ LI VIR ER T,
Btz o KCl ¥EW T EMEE M8 I AT IRFIC
mic i L, BAEELORREE 5 L TR
%. fto CEBRETHHAICTBMENEN—
ROEERCE L (B DIN) Il D ~ETH
5. PEL—EREHEICGE LT LE X D IEPHER
EBEOE BRI HRTHB, »LTH
S R TEARE - W EEIRD = 2 — v (TFH)
AN CEMOBIBRICERE L THA & O TS
5. it oEAwiEo Clr BEXSELTH
B ERIC X o TAMNBHERER (RILRER) O
BAENSBIN L b, HIABMROBAED
g pH oikic Cl BE LEEESh I LI
i %, ok pH 0 AT E AT RILER
WADERA v oBEREA TR Zbix &<
HbENEEETHB»HD, acidosis, alkalosis
s LingE Cl AR b AN 2 ATREME

BB, TDEOIBTAENEOBREDOLDTHD

PERMB DI, EROENEOERMLA pH.



A ——1FRI pH KO Peor OEFFRIERY, 1BBMipHOT L A2V v H1§H

H T A EHR L R RERR S X Uk

BB LSRR < CRERD o ]
FHEIRICHEA L, pH BROMEE LT 0.06
Pl 7 AR RO BRZEAIPRIEE O, |,
REHE acidosis JZ 0 alkalosis iz X - T

WTIC B LT B 2 ERL . R K oo4
acidosis # #8 & % 51241 K1210-50% CO, 2 Joo3
A SR, MEERME alkalosis & RE &% oo

BICEATR &AL LThHEo Co, 1

DI 2 R L 7. Xt tacidosis

I TSI REBEKE D 0.1 NHC

17

L] /
A
. Y=0.02X+1.96
A /
o ) -
o * 9 -
. oﬂ/ B v-0.02x-021

FLOW RATE ™l

# 20cc AL, H#HME alkalosis %%
LD B0 01N THAM % 20cc
HEA L.

I BERED O\ F BB R
D ORI EME BB/ TIIE OB
Z MR D FBZHR BB B EHERO
BSICHEMC R 572, = OFE O BRI
T b B FERIEOWSSMEL VLY, 2o
FERRIEDTHND Z L BEMTHE. 22T
ZOMEDOHNEOM LD (N 3mm, &
13cm (ABM) LAvH0 (K& 6.2mm,
E& 28cm (BEW) @ 28HEOBEME >
v, otz pH 74 OBEEBIEREREEEL,
Bo20fEEAAICh 2 CEMERRY,
NEBEROTN ZIE I L io B bR D EAT
ELHB L, ZOZELREEN (dmV) LKE
LT, ZhERBERO SR EmNE L o BI%
ERRE Lz,

BEE AL ZEO JIE I S ERERT RO pH »
— 7 —%{ERA L, Xro pH & HgHT+ 51
121X @ negative feedback (NF) [F iz 5% 7z
fEDOIFT (50-500 2) AL T, ZZic&kT
HEERET*»BFEXNESEEEE S £ 21k
Minipolygraph (GME) iz T@&& L, * Dl
HR% T pH Eaigic TV I-BoME L
pH HE L7z,

I. RREBEVEE
1) #&ERm pH BREREEORBHROK

-
~

5l

50 100 150

Fig. 2.

The changes in potential of capillary type electrode by
flowing of the buffer sulution through the capillary electrode.
@ are data obtained from™ “A” electrode, O are data
obtained from “B” electrode, [l and A are data obtained
with the electrode by Shimazu Ins. Co. and Horiba Ins. Co.
respectively.
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pH-E. M. F. relationship of implantable pH glass electrode,
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Interrelation between changes of glass elecirode
potential and Ag-AgCl electrode potential which
are affected by changes in blood pH.

Symbols used are as follows : = O : respiratory
alkalosis, @ : respiratory acidosis, |l : metabolic
alkalosis and A : metabolic acidosis. About the
details, see the text.
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EElc &£ 3 acidosis, alkalosis O#H

Continuous recording of blood pH and Pco, and radiotelemetry of blood pH.
Second report. Pco, electrode for circulating blood and application of -
implantable pH-P ¢ o electrode to detection of acidosis and almalosis
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IMPLANTABLE Pco, ELECTRODE

ARRANGEMENT
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Fig. 1. Implantable Pco. electrode arrangement.
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Fig. 2.
Linearity of the potential of a Pco; electrode in relation
with log Pcos measured at 37°C, using 13 ¢ teflon membrane.
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Table 1.
The reproducibility of the Pco; electrode potential
obtained with diffrenet kinds of samples equili-
brated with Pcos, 38.0 mmHg. The measurement
was performed at 38°C with the Pco: electrode
covered with a teflon membrane of 13 4.

No. of Measurement Sample E.M.F.
1 gas mixture® —15.5mV
2 NaHCOjs solution** —15.2
3 gas mixture® —16.6
4 Blood** —17.4
Meands. d. —15.9+£0.9

* Pcog : 38.0 mmHg ; ** equilibrated with the same
gas mixture.

Table 2.
Stability of the Pco2 electrode. The measurement
was done for more than 6 hrs. continuously at
38°C with 13 ¢ teflon electrode.

Time E. M. F.

0 min. 92.0 mV
200 91.8
286 91.6
380 92.0

Means. d. 92.0£0.4
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VIR, RO A& LT, a) Pcos
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Fig. 3.

Response curves of the Pco; electrode under various conditions.

About the details, see the text.
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Fig. 4.
Simultaneous recoding of blood pH and Pcos by means of pH glass electrodes and Pcoz
electrode. The electrodes are implanted into common carotid arteries at both sides of a dog.
Lactic acid, Hydrochloric acid and sodium bicarbonate solutions were injected through femoral
vein to produce metabolic acidosis and alkalosis. CO; was inhalated through tracheal catheter
or the trachea was clamped to produce respiratory acidosis.
ZEfE AT, EBo Hyperventilation iz # > T Pco, BRICERL, 2hiZ250VTEZD
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% 13t ~7- pH E#E% Severinghaus i@ DEFEER L TCKRORELE.
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Continuous recording of blood pH and Pco; and radiotelemetry of blood pH.
Third report. Radiotelemetry of circulating blood pH

612.121.2-4-612.127. 3]: 612. 014. 421

#H A i F (MORIMOTQ—Taketoshi) *

Implantable pH glass electrode and Pcos electrode for continuous recording of blood
pH and Pcos in situ were deviced and the pH electrode was applied to together with the
radio telemetry of circulating blood pH. Results obtained are as followas.

1. The pH glass electrode responses by 58 mV per one pH change in the solution
which almost equals to Nernst’s theoretical value. Applying the pH glass electrode to pH
measurement of the circulating blood of dog, it was verified to be possible to measure with
high stability (within 0.017 oH units over several hours) and with high reproducibility (1.0 mV),
and the response time of the electrode was short enough (within 0.3sec.) to detect rapid
change of blood pH.

2. On the other hand, the implatable Pco; electrode is required to make further
improvements with regards to more stable and rapid responses, while it is enough reproducible
(within about 1 mmHg around Pco, 40 mmHg).

3. The author succeeded in radio telemetering of circulating blood pH by utilizing
FM-AM system with dog which is exercising on the graund. Respiratory alkalosis and
metabolic acidosis which appear in muscular exercise could be detected clearly by the radio
telemetry. The total weight of transmitting part of the telemeter which is to be carried by
the dog was, however, about 800 g and quantitative analysis of pH record by the telemetry
was difficult, because of insufficient stability of the telemeter. Further improvements in the
sensitvity, stability and the weight to be carried are now going on.
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Fig. 1.

Block diagram of the telemetering system.
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Fig. 2. Circuit diagram of the thetelemetering system.
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A chart illustrating characteristics of the telemetering
system.
Output frequency of the receiver (open circles) and
output voltage of the rate meter (closed circles} are
plotted against input voltage to the meter in the
figure.
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Fig. 4.

One of the telemetered records of blood pH from a
dog which is exercising outside the laboratory.

The dog is recumbent state at the upper tracing, walking
during the recording of the middle curve and is
running for several minutes during the recording of
the curve shown at the bottom.
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p- 73, John Wiley, N. Y.
16) HHFA (1954) pH OHFH & #IEL: P 217 56
R AE R
17) H. Yoshimura, T. Morimoto, H. Hachisuga ; Jap.
J. Physiol.; in press.
18) FRFA - BH & BIFK - Bk £ - F7H
IE#E (1958) i 7 5 F—F A2\ T  AFHE
= 45, 716 :
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SIEESEEYERES (26511510203<)
H BEFI394E 2 §20H  9.30-1685E
A& M2 IR TR BER R 1 s (1R RIFFR BT &

I, —HHER

18. EBEM - T 2. BEEE FOAHKM
2328

IR & S BLER

o3 BTN A BT IR &, ZORERY
U, SUSHEIRA S AEbNRIT 2T 50
CEDWT L B, B EER AN O WL L 5]
M OBRRHRE DM b 2T, WHERORE
& L.

1) Wil E, —Ei o & hRiB s
DB R A, WMEEERIGE BEE UTHEL
oo WE LIS 0, 1) MRS EREER LT
BUEIRICA b Lo, —E-5 2 2~k
2 X% Bk HEE ORI, 3 X0 i) FIEA
| RIS YRR A B L 1ol 0 B RRE
D2OTHB. 1) OEHEHEHFIIIMIR ORE
LEbrACERL, i) OEMBEMEIKET
ERTBONRED bR,

2) TR DHERETIR O OBk, BEIREE
SR Bl L, 12K ot - CUBEERO 5 &
ORI R BB Uic. 12050 O IR O
RN, RIRIC L LT 2 2L R ifiing % o258
B b, BRII2GHOFRE 6 B > T 2
W, Z OROMFHIEIR ORISR O 4 52
FELTWS,

3) MRS X o T RR LTIl BEIR O
HEERE (PR AR X ) 1, WIRE L
BRI RPN I IE R TR R - 7o

4) 2) & 3) RONI2ODHEEMDL, B
R E BRI O R D 2 7r &FF, TOHEI X LI
MeELHBEDEEL HRD. '

19. EZIET - WAEE (BR iR pAR1R)
Fz YT UENY D LS BER (O EMBLD)
DRBICRITTHE
O-ENZBEMBER, W&1 2~ FRPREL
ThizfsH U, EREEE —MoBREE, K, ]
FBEMEEHETS. ¥ 20C s R
~ MR TR R L, RIS RIRED

72V YT UL VIR (84 r— FIRCERE) &
B, 1-3 TBES, FOMERIRLL.
NI L 5T 25x103M o729 v7v{bhV
DYEEE DBy ENT D H KRS HIED g 23 11
(5-6¢/s BEMBEIULA L 270HE) Shbz
xR, EREIE, KN, RECER TN
L7 B o\ TR AU LTI 0Bl %
1T Tofs 8, B OB LI HIEOI G O AT
TB LM BN o fe D TR O I H:
CEBEL D OFRC LB bDEHL BRD.
o7 = V7 v bh YV AEBO%, BREAKLE
BROHBOBEYER L), REOHICDOA
ZREZDOENEAD L. DLEOFELD, 7 =
Vo7 LS VI X 5 THRM IR S
Y, ORI RIFHEREOFEEEAZ bR
5h0DLELbRB.

0.8 h (REKMISIREE 2 4:28)

BEBLEEMICELITZYT Azide DERCOW
z ,

BT o Azide response 12D\ ~TIR19524E 1
Noell & X - THDTEHINIWETHBH,
T OFETALE L OFRAEBF OV TR
DERE G, KEBCIPEREIEEN O K & &
i, FHEERAER 3mm OpILEETD
250 chamber DA, W chamber PJoD
HREBZHCTHE L., OB X AV 5
&, MEORB R L ORFHNE L heh) «
CATERBRAIR CIERT 5 2 TR TH S . &
gL Lk Conway KHIKEH, RORER
B,

1) Azide response X6 ¥ X hR4TH
slow response & #BIE & D Fg4: 3 B LEBEAIMRETATE
SBOEA response (oscillation) &2 Hind.

2) slow response DA & &I resting potential
DREIRCIERATS .

3) slow respnnse DFEAEIIKA A VvEBIW
Cl 1 +vhBIRTs.
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I. BAEEHER
1. AF | (fk4H)

22160 EAEBERFKEE

RTFHROEMAH

¥ %ﬁ%iSH%B( ) 1285304188
K LFERE BURRRERENE IREHE K # - EBES

L VHRE 94 | : Non-cholinergic transmitter

ZRLELT

1. KBE®E (EA#H)
HRBEEECKTZLFTAHER

VI T AGRECIET B R 2 DHMEOBAR L In 5
TS MRFEECOWTHBTBH, -2 Tk
W B 73 HBY  excitation—secretion coupling
(v F 7 ARER B0 5 5T EMIMEEYE D
AR X)) & BRI & R el L
TR, RDFERCDONTEBELNLS.

1) EEWHDENCLIE DX, v 7 AR
BROFEAL D B, BB HED

2) BLEMOKRE S, FHEMC L - Tl
M h 2 (G of & OB,

3) fREMHEMHET B Ca 1 4 v O,
S WHER D coupler & LT Ca ®ELES
M.

4) ERI B E . I & Rt

5) HHOWH. “

6) BUTEILAE MBI 3613 % MB R F 2435
Ca PRI, HES WIS\ THIFET
B

AR D TR, RIS WY & R
IRFEEEBY & DIICIZE LW RS bhb. &
DI ELEEDIGEOBE (F121E coupler & L

TD Ca DA) BEATWSZ LHRRBPLTU
DEEPIS.
2. EXE BB (ERE#ALTEEE)

Adrenergic Transmitter 25 (> T

Wb B AR PRI B A B epine
phrine (Epi) B EMHEMEIN D Lid, Hn
DHEIDI T, (LR EEHORIE @ ££ 78 W,
sympathin E, I 2MEEICBST5 & S hicht, #
I, 2O X5 ImEYE & RO DT
Mg, TEWENRD H»T “sympathin”
& X, norepinephrine (Nor) #F k& L, =
HZ/hED Epi bbb DeEL bhd k
S5Kigh, —JEIED sympathin 13 Epi %4k

D RN N - ¥ ¢

Nor, Epi, #D# ¥l dopamine £k, “41{K
catecholamine (CA)” +#EFH3h, &MAFcAL,
FHEE 5435 . CA 1% chromaffin granule IZ
SRIECHEEL, ATP & ion &L, BELH
BEHoTWBEBPRS.

Reserpine, tyramine (Tyr) ZD{ERDZHTH
5, CA © “store” D &H 4 Eh, granule I
%fi L7z bound compartment & i’éﬁ%ﬁbava‘ilable
compartment D7 < & & 2 ORRFIZh, BiE
“C{¥ mitochondria ® MAO 73, #% ClX methyl
transferase 7%, CA OB EEST5&E3Nh5.
1MfiHD CA 1%EF =D X 57 store ATELT
4i53% . Cocaine Xz D:ERFHELT, CA
OMLIERERT DO LHEEINSD .

JER R, /EE L7 granule D ER T, Ca*™t
2%, sympathin JERED coupler & LTI < JREM:
MR & M, degranulation & diffusion @ 2 FHHE
2 bhTws ., Tyr DX 51 CAlEsirFkeE L
FfER %R b oW EDERBEFICOV-TIX, in vivo
L in vitro DEES—F Ligv.

Burn & Rand (% store DEEZIC - T, 1960
EFIHEI AT, “adrenergic fiber 1%, it ACh
BT A 0T, ShaA W R (I o
store IZ{f) X, sympathin Z¥EET 2" LW 5K
SRR L. BEEERO  bretylium Xz @
ACh oOfffcHiitarc cics. LhL, £
DWOPED S L, T DRI TEE kR Y
ARLTWA.

3. % A (WE)llsREL)
transmitter & L T @ limbic system @
homocarnosine
1) ep-~ v ADFEEHFRMGED 7 = TR
. 0.5 uM Dhomocarnosine®HEAT 5 & 2 BRI
kit o TEREHHEZ H7n{ /8%, carnosined
R FE2 B B DS, FERRS T3 % L-histidine,
r—aminobutyric acid, B-alanine &ZiXZ D X 5 7efE
Fiz7 &, %7 r-amino-p-hydroxybutyric acid
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(KB @ inhibitory transmitter) & 4ERhTH 5.
& D EBRI R 38k Uiz 23, ep-v v A
BEA ORI bR HELTLES . £, 1
TRl 7S FIRER = & TH B S, acetylcholine &4
&, cholineesterase [EMECITIT & A EEE LTn\.
2} ¥k homocarnosine (—*CO-NH—) %
~BRL, -in vitro TROWIRETR - L 2 HK
DT EFEME L.
brain, lizf:i

r-aminobutyric acid+L-histidine ——
) brain, muscle

r-aminobutyryl-L-histidine (homocarhosine)
3) homocarnosine 1327 = v Na iZ & - TE
BEIhBEEEPIET 5. 7= v Nal5-2mg/
kgk v FRMEAEAT S &b PO RS
BT B, FH homocarnosine 3-5 mg/kg &
KFERICEA L TR LHEZDO 3L LD s =
vl Na R2FEALTHIRERBC Digls. Lo
L, —HREAH 5 D biET % D TIRENT
Btz
4) GABOB 7z FICiEHT % CTA A BETKS
L€ GABOB+homocarnosine DO#RFNFEA % 1T
o to bk & AH50% DIEFICE LW BiFER A bR
. BEERRFORESEATRELONS
fo. BEPEFT R Tl centrencephalic O 3 ORI
BB TH - 7.

4. TR B MTRETF (IEREKE 1 43)
FUHBRHCHTIRERVINGEE
WY H = BRI EE RO DX iR R
W, Bz D{E5#EIL non—cholinergic 14T T
B. YIS HE RO R 2R T 4D T
I 0MABMbRTWAS, o TRIhEDOF I
& 3 VEERO -7 3 2 BBk (GABA) OfF % E
SHBHNC -2 THRE Lic. CORER X3 L3
YEHERORD LI EL B LB TE
5. L-7n 2 3 vBRBREKENC S 2 5 LB
MRS LR B R ET S L-7
AR VBEEELTEZ TS &, BRI
QL“C%"C, FTEE  desensitization %23 %. L-
IR IVBOESER LI s T e jp HEAMULL
desensitization 23 % Hiviz. D-2 v & 3 VERILA
SEDERA®ZE L. GABA »BSHAENCS
2B L, MHERGESTCRRB LT, BIEEML
L OB mV ED MU RE L OB N AT &4

=

FT5. COWEBMT L j. p. DbDLELLC—
F¥H. Xejp & ijp &OBMEERY
L-7 % 3 Vi GABA Wik 3 BEMET O
BB E ORI TFATRGRRA DD . ThiE
D EIE L-7A % 3 VEERY GABA 23k xH
EROHSIEEDE E X UEEERF > &%

IRT.

5. FEES (K 24HE)

BB IR R R (C (T B transmitterD
X ' ‘
BBV S TAGREYETH D LREIR
Bicbicit; v S ARHERR, COWENFE
SESINTED, MBI XD RISk,
X DWERERT HERIINEEL T AR RD
FHEREIh, ERATHRZOWEE Y77
AL E U3 & BEMENEED v+ T AR
KEBbDOLRUTHAENTHS L R S
R, ERMEIEE UT, B2 e, Sk
(LR IR B DR R R OHE RIS T 53 LWIE
TS5 B DR E DRGSR BB HEOWEN > F
T AGERE TR EOEER L, Thiy
7 AR LT DR R0 I
FOEEEID DS E & LT EL RE S D
LEbhD . BEOPRILCNED EL IR R

LT WA AR LI U,

 WpRRAERT OB B v T ARKREST B
fedEE, EEom  ERRENT DRI,
BRI & C o T ANDERESGF T bR B
3, MEEEC L5 TR Lok BTE, X
RO v A b EREEI O -
LA TFIRD B . AP A R RITC R
BiOER X b 5T BMHI M, MBI Es 5
BIMLD FIC DN T L LR CRFIROCS. &
BEFED v 7 ACEERNER R S LTI
LEATATERCIOAL s b T ShTED,
WoERE X A PR EER A OB D
RTZOFEOHEARBILIO AN DDHD.
HECE LI RECIE#Eo v vy s vflllg,
KIGEEHE O Bez Mifa, PMMEED 7 F v =il
fa%zix Cholinergic ® &7 7 ANREEL, £&ff
& L TR RN O MR D108 <~ = v b
'3 Cholinergic ® >+ 7 A% oL Bbhb, L
WLAITFa—AT IV, T3 BROYEIT O
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THWELETRHTHS .

SURSO L BB
1. BEABE (HaigFEREN)

S @l - Bk

SE L7, 1953421 Svaetichin #% Bream RO
Perch %0 MBI D\ CHE LD HIT
HHHMRD, SETIE, BE0nmnEe, W,
FETYR SR, FHHH BT LTV 5
JEOBLGNIKIGTH B EEL Dhb. ThkFd
T 5 MBS &, ToRERBRElnT
oA, COMEREETAHEROEAEEY
Ll Bisyws.

1) SEMOERESEOKRL L. Tichd,
IBEEDIER L Z OBMLOAE XD HHEANT
EHEGRERELY, FOTAHETFRERY 4mm
CRSBENDD .

2) i, WWEo5s, SEMKX, L, RG X
O' RYB O=EHDAR7 b VRIGETFRT== v b
NHBA, #= =y MIKOFIETHEMED L
SUXBAARE &y Lo #gfE e E - T\ b &
Ezbh5D.

3) HMEEIE L LB @ S E{ic Purkinje shift
BEOLRBESDHRHDB EVIRELRD B, AL

W% ORI A BRI LT, RIS A BRI R

Wz U2 % & 5 leg2Bhdetf ¢, H—0 SHAL=
= v MCOWTHER LIS TiX Purkinje shift
DHBHHOIHY S, F- T OEMOIEA
FARADBYG LT B & &b LY.

4) FREEEHEENL E STEALE iR A EH
BHBSER2A D) . X & D E OH LN v~ L
1, Ty LAEE Lic active state & &z b,
— D B PO 1T B LT AT & T2 B T
5.

5) SEMAHEELTWAMRX Mok
B0 100 ¢ LA E7RiF s S8,

6) HEC X DITREREMEELZ TS, SHEM
DREX, FUTEDR. NEMFEEOIRHE L&
2 BIB L5 IO T <, IR
BALSH LIRWDB, fE 5 Tho &k 2 Z hd eIz
HTHHELTEH, —ROBEEMIgDEMIEA
BRI R0 LELRT Do,

1) Svaetichin, G. (1963) Acta Physiol. Scand.,

29 Suppl. 106, 565

% W 35

2) Tomita, T., et al. (1958) Jap. J. Physiol., 8,
47

3) Watanabe, K. & Tosaka, T. (1959) Jap. J.
Physiol., §, 84

4) Watanabe, K. (1964) Symp. on Neurophysiol.
Japan U. S. Scientific Cooperation Program,
March 5-10

5) Tosaki, K. (1960) Arch. ital. Biol, §8, 81

6) Tomita, T. (1957) Jap. J. Physiol., 7, 80

7) Watanabe, K., et al. (1962) Jap. J. Physiol.,
10, 132

8) EWH 4T (1964) J. J. M. E. 2, 105

2) MEEXKE (HRBEED)

S®fr, =D origin L BARBMIE

VFa v ahr vk (1958) wik-T, S&
firAs, KFMla, Miller #hiEORETHIES
FFEAL, Dk 4k, SEAIEEN Y 7EM
THHERFEL TR (1961). HiciofEpc
o5 Tri-chromatic #loix, 7<=2 ) ViR
BFEEEZ bh a3 b#RE Lz (1963). §f Losas
B SRS R OIREL, B < ¥ THEBEA
BEEARITOIRETH D, EWEMMMIENE
FLOFEAD A4 B BIAE, WEEMoisd s
ThTwik, #-TC, 1) VFavahri vk
X5 FEREDHR, BIEEXRHD, 2) RF
70 TR0 Ds & 5 DAY LT oL - Ao th YRR HR B A 7R
THOOMETHOEEER L LS & L. 1)
DWTE, AEIEH & e, BEXKCEHIRR 2 #ED
7 =4 (Darybatus akajei) OHPET, FOL
D SEMIEDERADEEEEOTEOKE
BWE LI, UF 2w A hr 3 VIR 4
4 LieAd, RingerSe XKL 4-5 pA DERIC
ko, & 530 OREIK, H 3 VOREH
RS, A~ THLEL, ZEAFD
STl biESROBRLYHTLEEL OhD . ##
BRI CILBEMEE T B Lc R R i 23 A3
W3ks., 7hxA 0 1ETIL]1 & OEER13s D
LESHEfE~— 27 L, 157 D4EEAR b
A, 9 FIREIERL b B KGR, 4 7tk
SEHIRE)E DR b INEFC IR D, 2 i B
JBIEA 5 T A DORRDI. FHED 2 FIILER
LMOBWBIC LD EE L bhvie. ZivibhdL
L7 H= 4 ORBEETODLE S BAILAKFEHEAE
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RTHAERIER Lic. AFHRL 7Y 7 BT
BEMNEF Kuwabara % Villegas 12 X - TH#R
BHHRTED, #-T, SEMIMEES ) 7EAL
ETAERRYTHA S . EHEHR D W T
i3, WEFT OMEEECEHRoMmE 45 0 S B AL
Ly, Lz, Ci, Cp Bi2i% 4l 50%, 30%, 15%,

5 %DHLTR bR, ZERHT UIcBIERRM E

LTHETDHEEL DI

3.8 O (RIKATARHE 243)

B0 DC Bfilc2 T

19624F Noell 5% Voltage clamp &% AT,
FEHBIED Short circuit current 3 L K™ @ Flux
»[FRHIE L, #E D Transretinal current F:3E
& UTHRIBIEM 2 BREFH&BI~D K 1 4 v
R X550 EHBELTWS . AERTIE, #
< HEHEEAER 3mm O/PLEFETSH220
chamber Dfic#fiz, Transretinal DC BAL &1
chamber HO HFREHH DFEHE L. EEK
& LTz Conway & v, (& Na* Ik, &
K*Y %R T OYE CI” BKkitk 4« Conway KK
A® NaCl % Choline Cl, KCl, Na:SO; ¥ LT
BERCERTIZ L L > TR L., ERd
NTER, BRETTY, ROBEE2E.

# 161 BB RARESR

& Hl

1) BEgRT, GEEEBOME LcEE
Tix 1-4mV © DC BRrx BT 52, ALK
BRI Gl DC BRI RTH S .

2) WEOWHM T, K' OoF 8L Nat &k
OO L TKRTHY, taELEEONE L
WIETX, K OFBMERA M 07 2 B A
LhAKRTHD. WE CI wiaRsFma, %
BRI ER &2 T DCEAMD LRI ED B
ho.

LA EoSEEE®ESEN B DCRMOREIIE L LT

BREREOEHO K OFEEEOER XS Y

DTH Y, & ClTEE EFMaoETFEAloMm
REOBREC HEL T IO LELORD.
3) Azide response K& XX Transretinal
DC EBL L ILBIBAREE TS .
4) Azide response DA E I BEMO K
Winks L0 Cl O X v AL, WFEEo

TCl” DI & D&,

5) Azide response ({83 B JE & Ik Ao iEE
T HE Licys (Oscillation 4Bt 5).

6) Quabain & X - T Azide response (XfHl&
This.

Ll EDERSER D b Azide 1203 EEIBOTH
DififEOFZEEERBLIEE LELDRS.

B FEFIS9ZE7 A4 B (4) ‘12ﬂ§f305‘31 Y
s WRERAREEYHE BR OB &

. —AE

1. BA B (ERERKOERAL)
SEREE/IC LW EBAHRREEDEMORCHE

Jo2T

REARIE B DML L U, Tl

RN BRI T 5 R, RU, VT ER
PN LTCEHSHEER S T CERT A% L 0HE
RT3, :

HWER, chboEREZERA LTV, BEE
0.2mm DR A EBRBICS TRl CR—H
BOEB B TE B DORH ST,

EERIT, TOTEHRE «MEERLL. K
3. Pentobarbital Sodium TH5. B bhizd
DUk, HFEKE, BN X 5 RE, B
FIBC X 5KE, RO, BTG 2 HE
THD . BBEC X ABERRNLT, 1)
BEEA T 2, 2) 2HfiEA1 7, 3) &M

WA 7RG Bt HAS1 724, B
OB AV OLTF, RSO T
Bem & bion R oo, TRl 2 f 3 L
T, WD DT B — MR B B 2 E T
Eley, BRL 1 ORIBAE T (B e 0.05
msec) T, WHiH BKERNTR2 r DAL 7 puE
Hei. FFRERERL TS L, HE 2R
HDAASL 7 DEEREVRLBRDENLD, 2R
HOAARA 7 DEDEK, XIIE2HEBDOA L
7 B FEIDHIVRETLEZT S TS
Sl kiEE S hie.

THREAE, RO, BN TOMRERERET
FhZEh 35m/sec, KO 89m/sec LHFIEZ N

Fo. WU D IO MBI T X DR T

HOEMEETE .
OB RKWER TY—= =y F OSBRSS
TERMMBE LT, HABER DR\ 1 R



)

M, 4 VE— KV AOE VR ENRT,
o Y DA~ EHACET LTV D LR
HOWEOHRENE L DISD.

2. IlE =F.A%ES - BRELT - HERT
(REAREE 1 4:18)

BWFORBERICDONT

DA O REE CHAZ O b D D RERIEF i
BT, BRI DOTHBHI LR, HLDAANH
FTRUTVWAETHSH Y. HENLZOFT, §
1, WERH- TRTAHEC OV THE L.
EEFELE LT, RoEE LTTHEORE Y
A, Ho=r A VE»BRFACET B 4D
EXOERXTEL, v viloFxyy 7 THY
B, BRI 0RO N EE YD

Ringer@@MEHT 5 L5 Lic. ¥MEBaM -

B UeBET 2B, Fhiiith s8R, Tk
BERFERERT B L L » Tl 2D L
Gz te. DFEROFEL, BRI bl
BT A ARBIG, TR NERERAL,
AR OEHBOBMEL L, Wi X » O
X OEE L.

FORERT, Sl OBHIERIILY 17-18 LD
N, BEET, STk 24-25 i X D458 RIS
RIS & LMo . BT AREOFEREE

D +7-8 FELL EOERBIIIGL, ZDOEHIFH

DOEITREZ DR WERE L, KBESE TG
XK L. ZOREEONAOENELIRE &I
BILTEE L, REWHHIIEFHS LT+
mV EETBHZEND T,

e, WUNER» HHEIhDBIFERL 2
BTHoTohs, CORAXFHRTLSL L 2D0FH
HEH B LTW5 X 5 I#E 2 bh, Magitot &
DEZTHBIML, WFDOIHR L h OERZIRC
1%, BEMEDAC L ERTOBBROFENEL B
NBHREREERLE.

J. BDRE (TIEREUBIT)

HUY HZORICEITIESER

H Y = OREH Ui S0 B R E B o iR
BROBERE L b~le. AJIESEARHE AR
KOBE L AF % AV, TR MOBEME,
fhAAEE, AEfESSOROMRT BB & L
TH%, [U < SAR R OB G o0& O

& i 37

BB D A v AL AREHF L., Beohb
DA IES BN, v —AX27 T4 X
D ERBIEOR B LT AR O M UL RIS
fEoto.

B FERED FEIC X » THEE MREED 2, 3 D
B OWT AEBISERK 2B, £2T
IR ORI D o h b RIGEE N e & &
A, WHZEOMCIL, e h BEERERNRD bR
fo. T bR MR TR E B —RC A
IMES DIFPFE L UG G L, AR
WEle, bl h OFIFE 5. Ui Uidkdu
THEFL, 1) £L{EHEITRVID, T
HHBABIIDA v AHEE EFEE 1% 1kt
IETBbDE, 2) ANEEOWIBCITE LK
Prie—E R RO RIHO IR T DD 2 1&
T NEEETH - o, I AR O X
5 TSI A LT D TR OB 23 0 L AP
LitwXsicbhs.

JHPBICE RN L D ERTHE, ) =Dl
R BESHFRO O L5 i e i, %
RO OMEREK O & DR D, 1) DRI
%R FER TIL recurrent colateral 12 X B )l D
PR TR D ATINC X - T T B DB
o Fr TABMEBMUCHZ DI LT, A
HOIEID 156 1 DR AR Tk - Tnd EE L
b, 2) DRIGIEERD Y F T ARETDRE
ERORIFIRBIZ X B b DEEXED . RS
12 & = DD SRR A A M <, code (B
RIEBSDLEEEL B ERHEBMS L
(A

4. BBHE FTBEHRARE 148
FREBOBEAKEICOLT (201) L3
5T g TR

HI, XhFEMO v v Y 2 v in
(Drosophila flavolepleta 5iit D. hydei) L]JH D
—Jit DURIEIRILIR RIS 5 . K 4 200 fdH % D
OIS D, BRI CREE 2 PO EO
A el RIIE L < 3E0Y, BER 200 ¢ Fiitk,
£ & 1500 pR2E o MARR & 7e3 . MilsER T,
BEBEE T, BRSO TkT5 L, JEl LIl
DRI EEILES .

AefEn B, U LB S Shen IR CIESR
THRER (D195 . MITECIZIEHEIEE (L2 5 D
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D. flavolepleta "Ti% 15mV, D. hydei Tt 40 mV
BETHDH, MEORFIPLEREORIFOM
B CHERBITE & LTHIE T - 7. [A— KT
TILE DML HH S UWEEM LB, EE
B %52 % ADBBYERIRO—MIC AN, &
BEBETONFECE S &, BRI <R
BREHRS . Sr B E, BORCEMIE
MBAREIR L, FRREMER T BRI DR &
EREBICH S .

BT RDAET MR AN S L EhT
EHORBEG LB, BRI OO
AL TROMECIER > T3 EELBRS.
BEEM DoAY KFECHET L, BohdE
T T 5 . MR A 1 MR AR O
i Bk, BEENC TR RARERE, At SR AL
ERETEZ 5 L, #ALLEAERECES. &
Ve 2 E AR R AR T O R BB R <, R
OB & Bi% T U O B M o b &
HBEE OIEHL & TR - T % . HERE, B3k
K& OENHAE, space constant O 1.3 fEEED
BELakwoT, r— 7 AEHERORDICKR
BHGS EELEREALE.

cosh L;X

V=Vo

L
cosh 7

L : Mgt o ek, x : BWEROERE, 4 : space
constant, Vo : [l x 730 DB ABMNTH S .
—J5 555 376 @ Fluorescein-Na #H 50 &

DOMIGCIEAT B &, SROMRBBEE T Ch N
Rk & & PR B O R HERR Lic. SR oMl

i3 Fluorescein % b [ HCHEE LD BR, K
BHMEWC &R Sh, BFEBGERC LS
TR N DWW T BRI % 0.

5. Mk . BEAWT - £ B - RNFHA
(BERBREE 1 43)
E—REOFERERVEDEREROEL
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Membrane potentials of vascular smooth muscle fibres in the rabbit’s retina
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Fig. 1.
Three types of membrane potential changes recorded
from the blood vessels in the rabbit’s retina. Calib-
ration, 50 mV. Time scale, 2 sec.
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Fig. 2.
The relation between the membrane potential in mV
(ordinate) and the K concentration in mM on a
logarithmic scale (abscissa).
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