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On the inhibitory efferent neurone concerned with the intestinal

intrinsic reflexes

Hiroyuki Fukuda (Department of Physiology, Okayama University Medical School, Okayama)

"The mechanism underlying the inhibitory effect of the intestinal intrinsic reflexes was
investigated in dogs anesthetized with pentobarbital sodium (8~25 mg/kg). The results may

be summarized as follows.

The inhibitory effects of mucosal and muscular intrinsic reflexes were not influenced in
any way by reserpine (2~4 mg/kg) treatment, and the administration of dibenamine (15~20
mg/kg) and propranolol (2~4 mg/kg). From the results described above it is concluded that
the inhibitory efferent neurone concerned with the intrinsic reflexes is not of an adrenergic

nature.
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Fig. 1. Schema for explanation of the experi-
mental procedure. J : jejunal loop. B:balloon. Pi:
piano wire. M : mesenteric artery. N : severing
point of mesenteric nerve. Sy : syringe. Si : silicon
tube. C : cannula. V : vinyl tube.
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(1936) D HEkic & Y BEIEAME CEHEIE L T,
Z OB AR R EmR + EE L, ML
7. W\ CEIRE L, Treiz o#8#E 5 5 10~30cm
EBAlzBvT, 10~20cm DZEFF, 2 &
Hr oL, % o—FITR\V RPN
HMOBE, AV TIRNEE ORR L #ET
Lic. 7k, WEER OB ICHAi+ % BBRE
BRI UM Lie. 2285 OEBhix = L 5kiE

WX o CTHiRE Lic. Z OFHIIRTERES ik~ . .

7oo BR OFEEZRRET 2 72 » RO 2D
FEr . a) BKAE: 2 hic ik RE



698

Innervated loop

Fig. 2. Influence of reserpine treatment upon the
inhibitory effect of the intrinsic reflexes. Reserpine had
subcutaneously been injected in dose of 1mg/kg and
1.5 mg/kg on successive two days, respectively. Trac-
ings from above downwards show jejunal motility,
signal marking and time in 6 sec. Parameters of the
stimulation of splanchnic nerve and mucosa 20 shocks/
sec, 1 msec duration, 10 volts and 20 shocks/sec, 0.5
msec duration, 20 volts, respectively. Stimulation of
the left splanchnic nerve produced an excitatory effe-
¢t (A). Remarkable inhibitory effects were produced,
respectively, by stroking (B) or electrical stimulation
(C) of the mucosa as well as by stretching the outer

muscle layer (D) at a spot 3cm above the recording .

balloon.
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Fig. 3. Influence of adrenergic blocking agents up-
on the inhibitory effect of the mucosal intrinsic reflex.
In one and the same dog the movements of jejunal
loops, the one being the innervated (upper row) and
the other the denervated (lower row), were simultane-
ously recorded. Tracings from above downwards show

intestinal motility, signal marking and time in 6 sec.

Parameters of the stimulus of splanchnic nerve and
mucosa, 50 shocks/sec, 2 msec duration, 10 volts and
50 shocks/sec, 2 msec- duration, 20 volts, respectively.
About 60 minutes after administering atropine (0.5
mg/kg) and morphine (0.2 mg/kg) the experiment was
made. Dibenamine (15 mg/kg) and propranolol (3mg/
‘kg) were administered between A and B. Remarkable
inhibitory effects were produced by the stimulation of
splanchnic nerve (upper row, A) as well as of the
mucosa (lower row, A). After the administration of
the adrenergic blocking agents, the inhibitory effect of
splanchnic nerve was completely abolished (upper row,
B), whereas the effect of the mucosal stimulation re-
mained unchanged. No effect was produced by admi-
nistering adrenaline (5 ¢#g/kg) (C). The inhibitory effect
produced by the stimulation of the mucosa was com-
pletely abolished after the administration of tetrodotoxin
(5.3 g/ ke) (D).
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BoPi) z@EL, rokickosrs (1) %
fiFic. o7/ MEEEEL L OHRE
S ® — & — IR L CER 5 ~20[E[HEER
FT5k5ic L. zh% Fig. 1 lomT &
SIZIBRIRICHEAL, HEET2EE05E
T &Y RS BB S v B .

EBR |7 13 atropine sulfate (Merck), rese-
rpine (Ciba), morphine hydrochloride (g
), dibenamine hydrochloride (B xT{kik),
propranolol (fEk k&), tetrodotoxin (=ik)
KRBT,

E S

1. PEFHZ X285
A. ARFOMBIZI R ICE L E&E T
reserpine 4JUEH oD B/

T CIHRE (BES, 1966) LizXdic
reserpine AUERF% (2 vk R ARBARRRHREIC &
- T, ZESNIEICIUET S (Fig. 2, A).
SRR 75 & UM AP ECH T B A IR RS 0
BoohsdzbiRdTciki{FHgbhiz &
ThBEN, HEALZ LI, ZoMBIRKIERE
adrenaline OHEZ 0 ER-ITEELION
% reserpine QUERABICE T b HE LA
V. Tib b, 04 X TR TR
SN iR BET 5 (Fig 2,
B) 3V IxBLKACHET 3 ©) HIK
Ao BAI TR GESIFINRD 51
5.
7, T ORBEEALCHERBE S
v b CE[E AT LT BRE BN E B i
anzd D). Lei-T, ZoREM»LN
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Fig. 1 Influence of adrenergic blocking agents up-
on the inhibitory effect of the mucosal intrinsic reflex.
In one and the same dog the movements of jejunal
loops, the one being the innervated (upper row) and
the other denervated (lower row), were simultaneous-
ly recorded. Tracings from above downwards show
intestinal motility, signal marking and time in 6 sec.
Parameters of stimulus : 20 shocks/sec, 2 msec duration
and 10 volts, respectively. About 20 minutes after
administering atropine (0.5 mg/kg) and morphine (0.2
mg/kg) the experiment was made. Splanchnic nerve
stimulation produced a remarkable inhibitory effect
(upper row), which was not influenced by the admini-
stration of dibenamine (15 mg/kg i. v.) (upper row B).
The inhibitory effect was remarkably reduced by ad-
‘ministration of propranolol (2 mg/kg) (upper row C).
After the additional administration of propranolol (2
mg/kg 1. v.) the inhibitory eftect was completely ab-
olished (upper row D), whereas the inhibitory effect
of mucosal stroking was not in any way influenced
by the administration of dibenamine and propranolol
{lower row).
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F 7 atropine 35 X U¥ morphine #E4 LKA
AR 2 RS 2 &, RIS 0 2255 F O ES)
Fif s (Fig. 3 EBEA). Z oy, #iks
Ol L 7B i CREIBE 2 BRI T A &, ARG
O RMOGEITIHE S e (FERA). 2w
T, dibenamine 33 J (% proparnolol & 5 L7z
%, TEOKPIREZ BT 5 &, 2 O
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toxin (Gershon? 1967, Kuriyama et al.l®) 1966)
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Fig. 5. Influence of adrenergic blocking a-
gents upon the inhibitory effect of muscular int-
rinsic reflex. In one and the same dog the move-
ments of jejunal loop, the one being the inner-
row) and the other denervated
Tra-

vated (upper
(lower row), were simultaneously recorded.
cings from above downwards show intestinal
motility, signal marking and time in 6 sec.
About 60, 18 and 10 minutes after administering
dibenamine (20 mg/kg), atropine (0.5 mg/kg: and
morphine (0.2 mg/kg), respectively, the experi-
ment was made. Parameters of the stimulus :
20 shocks,'sec, 1 msec duration and 8 volts. Re-
markable inhibitory effects were produced by
stimulation of the left splanchnic nerve () as
well as stretching of the outer muscle layer (a).
About 24 minutes after the administration of
propranolol (2 mg/kg), the inhibitory effect of
splanchnic stimulation was reversed to the exci-
tatory one (B). About 200 minutes later the
inhibitory effect was produced again (C). The
effect of the muscular stimulation remained un-
changed throughout the experiment {lower row).
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On the relationship of the inhibitory neurone concerned with the

intestinal intrinsic reflexes with vagal inhibition

Hiroyuki Fukuda (Department of Physiology, Okayama University Medical School, Okayama)

On dogs anesthetized with pentobarbital sodium (8~25 mg/kg), the mechanism underlying
the inhibition of the intestinal motility produced by stimulation of the vagus nerve was in-
vestigated. The results were summarized as follows : After the administration of atropine,
stimulation of the vagus nerve produces an inhibitory effect. In most cases, the effect is not
abolished after the administration of dibenamine and propranolol as well as reserpine-treat-
ment, although it is remarkably reduced. The results reveal that the vagal inhibition consists
of the adrenergic and non-adrenergic inhibitory effects. The latter effect may be produced
by the excitation of the inhibitory neurone of the intestinal intrinsic reflexes. The former
effect is not due to the excitation of any adrenergic neurone, because, in the atropinized dog,
the inhibitory effect produced by intraarterial injection of acetylcholine remaines unaltered
after the administration of the drugs described above. The auther supposes that acetylcholine
released at the vagal pre- and post ganglionic nerve endings acts on the sympathetic post-
ganglionic adrenergic fiber to produce its mediators.
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HiERe (@D 1968) ([l ~7c X9 IWENIX
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(Ciba), morphine hydrochloride (), dibena-
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Fig. 1. Influence of adrenergic blocking agents upon the
inhibitory effect produced by stimulation of the vagus
nerve. Tracings from above downwards show jejunal
motility, signal marking and time. The explanations are
applied to the subsequent figures. Parameters of the sti-
mulus of splanchnic (Spl) and vagus nerves (TV):20
shocks/sec, 1 msec duation and 10 volts, respectively.
About 20 minutes after administering atropine (0.5 mg/
kg) and morphine (0.2 mg/kg) the experiment was made.
Both thoracic vagus and splanchnic nerve stimulations
produced remarkable inhibitory effects (upper and lower
row A), which were not influenced by the administration
of propranolol (2 mg/kg) (upper and lower row C). After
the additional administration of propranolol (2 mg/kg),
the inhibitory effect of splanchnic stimulation was comp-
letely abolished (upper row D), whereas the inhibitory
effect of vagal stimulation was not completely abolished
by the administration (lower row D). About 140 minutes
after the administration, these inhibitory effect were
produced almost same degree as produced in A (upper
and lower row E).

IE

Fig. 2. Influence of reserpine treatment upon the eff-
ects produced by vagus nerve stimulation. Reserpine had
been injected subcutaneously in dose of 1.5mg/kg in I,
and 1.5 and 1.0 mg/kg in II, on successive two days,
respectively. In I and II, parameters of the stimulus:
20 shocks/sec, 1 msec duration and 10 volts, respectively.
The stimulation of splanchnic nerve produced an excita-
tory effect (I A and II A). The vagal stimulation produ-
ced an excitatory effect with or without being. preceded
by a short lasting inhibitory effect (II B). In II D, after
administering atropine (1 mg/kg) and morphine (0.5 mg/
kg) an inhibitory effect preceded the excitatory one. . -
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Fig. 3. Influence of adrenergic blocking agents
upon the inhibitory effect produced by vagus nerve
stimulation. Parameters of the stimulus : 20 shockes/
sec, 1 msec duration and 10 volts, respectively.
About 25 minutes after administering atropine (1
mg/kg) (Atr) and morphine (0.5 mg/kg) (Mor), the
experiment was made. Both splanchnic (Spl) and
thoracic vagus nerve (TV) stimulations produced
remarkable inhibitory effects (upper and lower row
A), which were not altered in any way after the
administration of dibenamine (20 mg/kg) (upper
and lower row B), but, almost completely abolished
after the administration of propranolol (3 mg/kg)
{Prop) (upper and lower row C).

T W W
——— —f—

Atr
Mor

Fig. 4.
the inhibitory effect produced by vagus nerve sti-
mulation. Reserpine had been injected subcutaneo-
usly in dose of 1.2 mg/kg on successive two days.
Parameters of the stimulus : 20 shocks/sec, 2 msec
duration and 10 volts, respectively. The stimulation
of splanchnic (Spl) and vagus nerve (TV) produced
remarkable excitatory effects respectively (A, B).
These effects were remarkably reduced by the ad-
ministration of atropine (2 mg/kg), whereas no in-
hibitory effect was produced (C, D).

Influence of reserpine treatment upon

LR oRE OB IR E RN DS XD I
ot IID). ZhbOFERFICRLEELSI
reserpine |z X - C adrenaline 23E7E L7881

b EEEANMIC X - THHZIRO A 5N B

ANRE R, Fhk reserpine THLEEL 75\ E)
ez b B IR FRIC b CIER IR T,
poBRLEET 5.

C. bt ol o icIERICH TR 55
(1545 3 45)), reserpine HLFRY %\ % propra-

nolol & dibenamine 3 44T X RAEMEA] -

WMOWMBERRELERLEGE VD -T2 T
e ofFlE Fig. 3 BXU4icmRLTk.

A, BBIUCOERND, WEMRRHD
IEEEEIS)E 213 adrenaline 3B X UVIE
adrenaline HEHIHEIRIEREEN TV 5 Z L8
Bkl o, LBL, FEFRCHTH2PIE
adrenaline IR TRE B VEEL H - 7.

Dib

Fig. 5. Influence of adrenergic blocking agents
upon the inhibitory effects of acetylcholine. In one
and same dog, the movements of jejunal loops, the
one being the innervated (A, C, E) and the other
the denervated (B, D, F), were simultaneously rec-
orded. Parameters of stimulus : 20 shocks/sec, 1
msec duration and 8 volts. Stimulation of the spl-
anchnic nerve produced a remarkable inhibitory
effect (A), which was not altered the administration
of atropine (1 mg/kg), morphine (0.5 mg/kg) and
dibenamine (20 mg/kg), but completely abolished
after the administration of propranolol (3 mg/kg)
(E). Intravenous administration of acetylcholine (0.5
mg/kg) produced a remarkable excitatory effect
(B). After the administration of dibenamine, atro-
pine and morphine the effect was reversed to a long
lasting inhibitory effect (D), which was remarkably
decreased in its duration after the administration
of propranolol (F).
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Fig. 6. Influence of adrenergic blocking agents upon
the inhibitory effect of acetylcholine. In one and the same
dog, the movements of jejunal loops, the one being the
innervated (A, D, G) and the other the denervated (B, C,
E, F, H, 1) were simultaneously recorded. Parameters of
the stimulus : 20 shocks/sec, 2 msec duration and 8 volts.
Stimulation of the splanchnic nerve (Spl) produced re-
markable inhibitory effect before (A) and after (D) the
administration of atropine (1 mg/kg) (Atr), morphine (0.5
mg/kg) (Mor) and dibenamine (20 mg/kg) (Dib), whereas,
after the administration of propranolol (3 mg/kg) (Prop)
the effect was completely abolished (G). No effect was
produced by intraarterial administration of Tyrode’s
solution (1 ml) (B). Intraarterial administration of acetyl-
choline (1075 g/ml, 0.5 ml) produced a remarkable exci-
tatory effect (C), while it was reversed to a short lasting
inhibitory effect after the administration of atropine (E).
This inhibitory effect was not influenced in any way by
the administration of propranolol (H). Intraarterial ad-
ministration of adrenaline (1075 g/ml, 1ml) produced a
remarkable inhibitory effect (F), which was completely
abolished by the administration of propranolol (I).
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C. Ykiz nicotine OIHIFIRIC KT 2 re-
serpine JLERDEE 2 Mat L7z (Fig. 7). Reser-
pine TR L7z 4 X ORNBEFEZHIB L, JT
EHRORGN 5 2 & D (A) FwT
Tyrode &% GHEIEEIRNICIES L, EHT
BB L EHEIDTZ (B) %, nicotine
FEARMICHES 3% &, acetylcholine D &R
A X - TEL e L EREARIERICE (EIE
FAIERELE bR (C). Kictetrodotoxin
EERPICES L, KBRS X Onico-
tine DEIRAER B I Lo 72B bR A D
OFFELBEbNE» o7z (DBXVE). Z0fE
13 cholinomimetic 7z 3E4# D E)R
NS IC X 5 i3 3E adrenaline {4
1) neurone P S vtz o iz b
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InnT:'\af.od 61:%73)731% L5 %@k%i%?ﬁz
50D
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Fig. 7. Influence of reserpine treatment upon the inhibj- B =

tory effect of nicotine. In one and the same dog, the move-
ments of jejunal loops, the one being the innervated (A,
D) and the other the denervated (B, C, E) were simulta-
neously recorded. Reserpine had been injected subcutaniously
in dosis 1 mg/kg and 2mg/kg on successive two days res-
pectively. Parameters of the stimulus : 20 shocks/sec, 1 msec
duration and 10 volts. Atropine (1 mg/kg) and morphine
(0.5 mg/kg) were administered between A and B. Stimula-
tion of splanchnic nerve produced a remarkable excitatory
effect (A). No remarkable effect was produced by the intra—
arterial administration of Tyrode’s solution (1 ml) (B), where-
as intraarterial injection of nicotine (107*g/ml, 0.75ml)
produced an inhibitory effect (C). After the administration
of tetrodotoxin (5.4 pg/kg) the effects of splanchnic stimula-
tion and nicotine were completely abolished (D, E).
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The results obtained in the present experiments
are summarized

kinds of

electrical

intra-arterial intravenons
stimuli ) . .
stimulation of injection of injection of
hlockers vagus nerve acetylcholine acetylchnline
llﬂll"-l'"n‘vm‘”‘" @o@ @ @ @o@
arter atropine o@ @ o@
arter dibenamine

and propranolol
or rescerpine-
treatment

©

©

©

DXL D R EMRAEROMEIZIEZ, Zh

® : Cholinergic excitatory effect. O : Adrenergic inhibitory
effect. ©) : Non-adrenergic inhibitory effect.

major splanchnic nerve

?

cholinergic neurone

?

adrenergic neurone

7

non-adrenergic
inhibitory neurone

Fig. 8.

Ach

Ad NAI

vagus nerve

celiac &

Superior
mesenteric

ganglia

mesenteric
nerve

serosa

intestinal smooth muscle

Scheme for explanation of the role played by

the vagus nerve in regulating the intestinal muotility. The
vagus nerve synaptically connects with intramural choliner-
gic excitatory (E) as well as non-adrenergic inhibitory

neurone (I) concerned with intestinal intrinsic reflexes, and

acetylcholine released at the vagal pre- and postganglionic
nerve endings act on the sympathetic postganglionic adre-
nergic fiber to produce its mediators. Ach :acetylcholine. Ad:
adrenaline. NAI : non-adrenergic inhibitory mediator.

F T—#%I- adrenaline £ TH 5 9
V. F O AT ET LV adrenaline o SEERT A
(TM--10, bretylium, guanethidine, reserpine) iZ

LB ENT
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On the role of renal function in regulation of volume and osmotic
pressure of body fluid

Kenji Miyao*, Mamoru Fujimoto** and Hisato Yoshimura® (*Department of
Physiology, Kyoto Prefectural University of Medicine, **Department of Physiology, Gifu
University School of Medicine) ’

In order to clarify the role of the renal regulatory function on the volume- and osmotic—
control of body fluid, various kinds of solutions, e.g., NaCl, glucose, and dog plasma, of
different osmotic pressure were infused intravenonsly into dogs, and resultant changes of
renal function were examined with respect to glomerular filtration rate, tubural reabsorption
of osmotically active solutes, and osmolal- and free water—clearances, as well as the deter-

mination of volume and osmotic concentration of blood plasma.

Following results were obtained :

1. The excretory mechanism for water reacts much more rapidly and sensitively than
the mechanism of the excess solute elimination for adjusting the osmolality of blood.

2. The mechanism of this sequence is not, however, capable of being simply explained

by changes in cither ADH or aldosterone secretion, but as due to an unknown mechanism,
which causes a paradoxical water diuresis after infusion.of hypertonic solution.

3. This mechanism may be related somehow to a nature of glomerulotubular balance, and
may cause a change of tubulal reabsorption of sodium resulting in change of free water

clearance.
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Fig. 1. Change of osmolality and volume of
body fluid after hypertonic salt injection in dog.
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Fig. 2. Change of osmolality and volume of
body fluid after hypertonic plasma injection in dog.
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Fig. 3. Time course change of renal function

after injection of hypertonic salt solution in dog.
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Fig. 6. Change of osmolality and volume of

body fluid after hypotonic saline injection in dog.
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Table 1 ([Z7R4 X 912, FEARDBERFZEDL
e s, MhbEAR Lo T, HEARKLS
KRN RBOEME KL, £OHACEE
BRIMENE L T\ 5. ThiiticRfhic

- -
— -

X, Eoflh Z oI Com D% VIFREOPE
HEENEE-> T3, 2L TZ0 RN
BEENEAMIL > THELTLE->ThLERE
i< THEbNI 5.

SERVEEA S K OV fn oo B REE I e B R
X, AW kg MY S5ml DITAasiE, &M%
BLUThA Y EEMN . 10ml/kg DA
Th, ZVREOEMELES U, EHICEE

B BEE AV, o TCIKRIEICBIT
Table 2 oz, hoEK LT L9
LT 7. ,

5. HHEOERIFEAZDORE L WE OB
(A2324 13

WL DRI EFEALICEA, RESES
ZENIBOHR L LTHLNE DD, VWA
HOEMICECT, HHOBLLHEATHREE
PR, 0T, TOFROBELEARE
ORREREE B TEER LK.

Table 2 JIIFHEEAB O RE & KBRE &
HDE» BR D T AKGPEIE R L LT, HA
KABD%DOHTEDL L, ThiniciEE
THZEICEY, BALLEKSENE ORRE
RSP b B D E AL D TH
5. ROPFRI TS THE—HOLHET, 20

Table 1. Effect of intravenous injection of various osmotic solution on renal regulation
of plasma volume and osmolality in dogs
Urine Flow Cosm TPV Posm
(ml/ min.) (ml/min, ) (ml/kg) (mOsm/L)
Infusion
Controll Exp't | Control] Exp't] Control Exp't [Control Exp't
(*)
5 0 % Glucose 116
(5al/xg) 1.29 3.81 1.50 4.00 65 (78) 295 320
10% NaCl 108
.85 1.98 1.02 2.58 &8 290 18
(5m1/kg) ( 59) K ’
0.9% KaCl
1.34 | 1.66 | 1.2 1. 82 8
(10m1/xg) 3 35 70 (1) 285 287
0.45% NaCl
(20m1/kg) 78 | 110 | 165 | 2.22 o 73) 2957 | 285
19

The above data are change of values within 10 min after acute intravenous loading. Cosm =
osmolar clearance, TPV =total plasma volume, Posm =plasma osmolality. (*) shows % in-

crease of TPV.
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W 100% X D AL, 3 TIcE ORI
BEAKGEY FobopERicBLzE )
BRchohb, FEE FIRIC X - TEES
BAKREZFE 72z L 2RLTVS. KoL,
509% 7" F 7 BEERREA T, Bo10545AN T
KEETE, RSKRC. ZoBHIET Ry
PERIE DS SR o L TRV RSB IEFIR &
ME LD dTh5.

Table 2. Urinary excretion of water after in-
fusion of various solutions into dogs-

Time 0-10|10-20|20-30/30-40
(min)

50%Glucose | 169 241 | 234 190
(5mirka) {(78) | (-7} | (-5) (-3)
10% NaCl | 59 113 | 164 | 201
(5m/Kg) | (59 | (-2) (0) (o)
1g% NaCl | 61 14 122 18
(5mi‘ka) 60 | (D (16) (18)
Q%NS | a1 | o8 189 | 293
{5 mi/kg) (53) | ¢5) (-3} (-2)
0.9%NaCl | 7 27 32 34
(lomikg) | (17) | (28) (22) (4)
5%Glucose| 9 21 31 37
(1Omizkg) | (35) (30) (28) (5)
Plasma 5 22 35 a5
(tomi/kg) | (32) (33) (20) (9)
0.45%NaCl{ 6 22 27 38
(20ml/kg) | (19) (10) (8) (5)
Bleeding | -2 -12 21 -3
(10ml/ kg)

The values are expressed as % of fluid volume
infused, and those accumulated are presented with
the time after infusion. Values in parentheses are
9% increase of total plasma volume as compared
with the control value.

Table 3. Urinary excretion of osmotically active
solute after infusion of various solution into dogs

Loading Tim(emin) 0-10 | 10-20 | 20-30| 30-40
5(()50/;?/“;20)59 15 % 25 % 29 % 29%
1?;/.m|]\1/afgr) 8 15 19 23
l?;/oleu/C':Slasma) g 5 21 25
l?‘;/aml\llc/JCklg'f)ADH 10 13 21 25
ey M I I B

The figures indicate % of excretory fraction (ac-
cumulation of excess in the urine) of total osmotic

load.

10% NaCl g DA%, WEALETH 25
L, kThArH L, ¥rofic ADH (£
Hic 1454 Y 204U OFEE CRRIEA L)
WdHoTHmL Th, KEBKEA%205T,
HEAKS DFI100% nURFICALGEN TV S Z
richks, Zhicl T, 09% NaCl, 597
R, Mgk 8, A bFROTRER D
s, ETBNKGEDOTHORENRBZ .
Thb b, 105 TE 2, HEAKS DL0%FIHE
PSS Tw B+ &y, SEREACEL
THEADEZERTS-DIC, BAKSTEZE
Bl 10ml/kg & LTw50, ROUENZFH
KXo TEBRROBFE LY Foled Tiainv.
RS, Sml/kg DUT CIIAEEREARSRIC
bk endHY, ZOHEE%ERZO
B EFIV LSBT ERHIAT
L, B LEBAERCH S TH B, E-
0.45 % NaCl JEiEATIZIEAKRE H %« (20
ml/kg) 12HI 6 T % OJRPEMIC X B ks 0
FAHOMERE bB L hD. HlDFE T
FIRVBEHDNWE D, TNERTIEDITRED
PlLEAMBICLTH 5.

ETZDEH T L TEREAM L o TRDAK
PR OB LA b DA, T OBEFMICES
T5E, LD EAEROTEEIC X 5 EMEFEIC
HbhTws. 12, BREEADEAL, 0
E#&ICHKE MENICOE T, BROFEED
WiEEm OEB oL, &bicik GFR o
L, BEEFRSEE OERNER > TREDF]
REBZFTZernEBLLND. Ikl T
IRMEVIR D EACIEIRIEB IR OTEA TR, D
REPNMEPNCIEET 20, BEZ oM

RO KEVDE DT B Z ML, REOE

RevoTh, HMAERFEEDPLO, DI
FNUToORB LY s E2bh. Lz
Mo TIMHDZ L LEARICEZ D LK
e LI IUERE (- 3miasigesE) oa#n
WIRE B - & ¥ 5 X5 g0 &Rz ET
&, BTRREOFEMTLIEBIL, BORM
BRI U CREDHEME R L TE
TR EFRICIRESALTENEONCZOR
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HOBERIEEE DB IZ X o T REEEO KA
BPEZTOLIHEIHERSNS.

ETRIZ, FEFEOZ L 2RPICHREE &
NHBEREEIZ OV TEHE L. REOREE
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WHEZWEL T, ERYOIEMED S
DENEELNCT, BRSNS 72 2 EHREIR
PHALT ARMEE (BREBEEDE) EO%L
LTEbTZ iz L7z (Table 3).

Table 3 o6 L 51z, —HFICERE
BORPPEMITAD Z NITHERTENTEY.
50% 7 K v BEIE O AT CIRRIEABRIOSHI% T4
RRBEWED29% & JRPICT THE-THY,
7 10% BIEAKD AR TYH, BEBITEIER T
BHDN, 23~20%FHUBML TV5. AR
Mm¥E<Th-Th, 72 ADH ##5 LT v T
LI DOBHRIZES 71 v (AR ADH %
% Th, 10% NaCl i Al & 5 ADH 43
BN WEEZTERETT95). 045%
BIEAKDGEL, KRR THL0 0, BBELA
Fxfthsdx, ZOBE0OR, RIIBSEE
WEOPK T IEIC A 2 X 5 2B Bno0T
VB (Lo o CTAEHEIERE % Bk+ 5).
FIUT LT, BWAE30~405 THI10% L ovE
ELZTOVRVERETH 5.

Table 2 & Table 3 D#fEE L & & @ Table 1
DREEE bHFEEZ BT, Mz ool e R
BoP T, WL 8- T BKRSDOEEDIEE
&, w8 (NaCl 7 v ) ofEEorE#icd
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i, KB 2mECUEL, R CEEE
AT S L) ThD. BEERKROEA
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THDN, THILLHLTABERICE - Toh
KHELT»5ZiE, HORICHREOAHE
Borwic, ZOERBEN—EFAICEHEIC L
BERTS. Ll, BREOEE b

LRI TELA TV D TH S
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E

M. = %=
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FMENICEA LSS, ZORROESRE
RIS H] 75 B LR B i o TRIBEE &
Tl oledd, BRY2EEEOE/ITKE R
MRATRDZALEIFT, IR L TR
FAEMEET 2R EERERT X VERL TR
WL TkBZEERLE

Time (min)
] 10 20 30 40
i T T T T T T T 1
. 80 ¢—0 50% Glucose 5 mi/kg
S < 6oF | 8---5 10% NoCl 5ml/kg
g2< a0 ! X—X 0.45% NaCl 20mI/kg
E % Faa 10%NaCl Sml/kg+ADH
T g 200 -
o = ———x
2 or e —
i v s 2
~-20L
S~ 10
o 5t
;O: o
a5 of
E N
o © -5l
g S 20 A
= o RESTRY TR @ .
2 g 7 ~all 0T el
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c © -0 -

Plasma K

Urine Volume
Change (%)

o

Fig. 8. Changes of plasma composition after
infusion of osmotically different solutions.
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Lo Fig. 8 Tb 5.
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Fig. 9. Increase of urinary flow related to
changes of plasma volume. Encircled markes re-
present values of the lst experimental period.
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Fig. 10. Correlation between changes in plasma

osmolality and osmotic reabsorption in osmotic
diuresis of dogs.
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Fig. 1L Correlation between plasma osmolality

and urinary output of osmotically active solutes in
diuretic dogs.
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Fig. 12. Relationship between plasma osmolality
and free water clearance in diuretic dogs.
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Fig. 13, Correlation of change in urine flow

and osmotic reabsorption in diuretic dogs.
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ThHD. S EITHRA L5 I Na Rk
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Encircled marks represent the value of the lst experi-
mental period in infusion experiment.
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The influence of pH independent changes in CO, pressure and of

ionic strength on hemoglobin-oxygen dissociation curves

Reiko Nishida (First Department of Physiology, Kanazawa University School of Medicine)

Using bovine whole blood or hemolysate, oxygen dissociation curves were determined with
varying Pco, at constant pH and with different ionic strength (s:).

The results obtained were as follows :

1. Relationships between Pco, and Ps, were determined in bovine whole blood at con-
stant pH (7.40), temperature (37°C) and ionic strength. Pco, investigated were ranging from
0.3 to 100 mmHg.

As shown in Figs. 2 and 3, increase of Pcos resulted in increase of Psy and the magnitude
of this specific CO, effect was much larger at Pcos 0.3~1.3 mmHg than at Pcop 10~100
mmHg,

2. Influence of = on Ps, and n value was observed in bovine hemolysate with varying
ionic strengths which were prepared by adding distilled water or NaCl solutions or by electro-
dialysis. All the observations were carried out under the conditions of 37°C, pH 7.20 and Pco,
40 mmHg.

Increase of g resulted in increase of Ps. However, the rate of Ps, increment was smaller
with increasing ;¢ value (cf. Fig. 4).

The reversibility of the change of Ps due to ¢ change was ascertained by the fact that
Pso of the electrodialyzed hemolysate of low p value was completely restored to the expected
value by the subsequent elevation of g level.

No noticeable effect of /¢« on n value was observed (cf. Fig. 5).
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DV THES M b DO ThH >, EOP
BEDEEMPOMFEABICL TS0 Y
9N, TORMROAEFNERELEX S I
RELEETHS.

BWEIIANM, BBV, AHSELCE B R
GEVIREBIC 31T 5 Hb OEE AL LTO
IR MERkEHE L LT, ohb Bkl
Tbb, SMOBHEEECHTS CO, ©
ReRRDE, VAR MR OBEF AT A A
FUBBEORSELHEIL, *oREs Hill ©
{REIC Lo THRAT LT, Z OB RS+
3.

ES R

1. CO, SRz >\ T

A~ L B HRSRIBEE 3300 unit/l DEIE AN
Z7cy VBB OBOK 30ml iz, fx o pH
@ 0.25 mol HEREEIRE BOBOK 10ml ¥
SEA L, EhEFNEEBREMMREN DD
o ik (Hb Ky 11 g/dl) & Ui, il
LB —E R 1 MR L 2R AER1200mlo
SEBERFORE 200ml k2 A—F—fT
Ah, zhvk COp-O-N, JRA A 2T, 37C,
505 FSEEICTE S w7z, 2 ORA T A DAL
&, 20 Peo, MR pH #134F 74073
LB XD £/, Por WEHEO Py fHICUTV
fEx &5 &5 BITHRAICRIR Uiz, L
MHEIE, Fo/kETRIE & LiciEsashic
L, CO, BIW, O, gFE BIV
pH HEicft L. —J5, BIEFOHTRE gas
sampling tube 2Kz &Y, Pcos BILY, Poq
e Lz, kT, [ERIEPORAETAD
Peoz ZFDEFE L, Po, T %24 6~8mm
Hg S LT EERHEICEMEL, ZOFRLTFE
Lo e R BRI L, BT & FEEoREic 4t
L. B#ICEETRR T, 377C 25 & 1%H
S, ERICEE F AT L ke o
WTBMBEAERIE L. @i CO, 8L WO,
48, MEARE X Van Slyke and Neill 0#ijE
KM 7 2 SFHEZ T 38 0 B 0 2 [EFORE
L, pH 4% 5 x&Ef pH # —#%— (Beckman

Model 160) © 37°C |z THI % L 7. Pcoz &
Po, 1% Scholander %% 2 434788 2 ~ 3 [alfH]
Ellk. o LTzbhizflleEry, 1,

%2 OBl OMBEIE (O, %) &, KIS

%t % Besk © Bunsen OWINEE % 0023720 & L

TRz, Zonzplo pH g 7.345~7.48 @
Bl H - TIEL L 7.40Tid7svh 6, Bohr 4%
B{%%k (4dlog Po,/4pH) —0.4820 % v T pH
740133 % Poy kKD, Z0 Po, & 5O, ®

Btk log oS0~ log Po, HEFBAICE L
. T 8\W2

T plot L7z, Hill o590z X 5 &, O, 2350%
AT TV R 0 S AR Bh AR 13 _RRE o AR I
BLCREREATED, plot LicZonH%
EREE R, O, 50%icxitT % Pou 7k
bbb Py EEAFETERD. 20XdiLT
b5 Pcor T 5 Pso fEERDI. EHIC
H T2 Peor WWHILT 2 Ps BEE kKD 25720
i, Mg TNz 5 EEREERO pH 2% %
CREDIRIEE T 5 7. Z OB pH offixic
B o BRI ER R B, EOREE—
7 (0.25mol) THB 5, B pH K 740108
B A& UIRE () HEE—FERR T TV
5.

fe B L IR Lie Mg 7 = SR E R E
1%, Severinghaus et al.22) DEEZHE LD
DTHBH. BEET E T air pump (BRSO
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PEBE® T, EEFO EL % T » Douglas
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BLO O, & ANth, ERTHAKLE D, H
BNEFTE Pos Pcor 7B X5 L7. b
JA—F =, MREABLICERABLD
L& % AdL, Severinghaus et al. »J53iC L7z
BoTE~F—ITXY M/ A—F—% 15HI
E4860E 180° |CElEZE L7z, H A B LU
wix, #h*h, ABLXUB»bEILZ.
LA LD Pco, 10~100 mmHg DR
BRic BT 5 EBICH 72 25, Pco: DIEFITE
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X, AERBLEACOTKROBFELERE L.
IIRFRRLD Peor 22 _L/NEL T2 HEY
T, UM (I~ ) > 3300 unit/l) # 30 ml
1255 2 RICHR L7z 0.9 9% &K, 0.29 mol TR,
0.25 mol Na,HPO, #%, 0.25mol KH,PO, ¥
AT X D AR & 7o BRMER IR A (pH.7 ~
5.8) #10ml iz T, = OFIRIMIE S JI0 b
S A= =T A, KERTHEERS AR,
R E DHRMTM, BILY, M/ A—F—DF
ACV—F— X BBEERE L. B, B
FEDOBRDOMEHHF & LT, octyl alcohol 1~ 23
EMziz. zoXxdic LT pH » 7.4 HE (7.5
~727) TL» b Poor DEVIIEEEE 5 2
TERTE . 1B, FMRBEOMMITIZ LA
E—E, Labiikapofkis pH 134 74 &
—TETHBHE, £ F VRELIIE—FELTY
B ZOMIREEE VTR O I & < R
BEEbAR & i, Hillc X v @ L, URES
RO THIBEIZL Y P B2k ki,
I ADEIREMRE # < D ic, 5~6 8Kk
fo. 7212 U Peor DB K 72 0 2, MiED
Pcoz MIEHH 2D Peoy ERBIC—FH LicvD
T, MiED Pcor 1%, ¥k Henderson-Hassel-

Douglas bag air pump
L]
jE rubber
g A bag
motor

=T
T

37°C
water bath

Fig. 1. Apparatus for gas-blood equilibrium.
A : Stopcock for sampling of gas. B: Stopcock for
sampling of blood. The gas inside of apparatus is
saturated with water vapor at 37°C by bubbling
through a water bottle and is circulated by air
pump. Rubber bag is attached to the apparatus in
order to keep the inside pressure constant.

balch D3H & FHE Lz, ki o fiBia ki
(serum CO, vol %) 1%, Mu¥EaEHA KRR (CO,
vol %) &, Van Slyke and Sendroy (1928)
%) ¢ nomogram % Fv: TR 7=,

serum CO, (vol %)
(10PE=>K" 1) % 0.1316 x 0.521

(pK'=6.10)

I. AF VIREDOEEZ ST

vV (Iie~-% Y > 3300 unit/l) % 6000
r.p. m. 2055 BHEIRE L L, FRILER & 408 L7z,
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SEERER & ERIC 30ml FoL v, ZhiciE
Wk, Eiok, HEx OFFMA A4 L BRE OAEk
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R=vBREMz TR LZb0 RV, £
7z, HifHFI L LT octyl acohol 1~2 & #hn
Lic. 20 %5 REOA 4 L imETE I X
o7z, FRENIT5% O FRMLER & 25% DIRMEA E
RAEEAPSHBEESh Ty NE, T, BB
HOKSER vol % EEBEMEEICL VRD
fo. ZOKSER vl % D5 L%ITRESH
TIRIARE T REANED T Vv % O TH
v, &Y Ok ER vol % 1T MERR DK,
XBab0THs. Lieh-T, kdkKEKE
To IRk L RISy D LR, KK EE
BHKD A A BB, FRMERNA A L B8EE (0.17
WE B Lic) ENLREOA A4 UIRE BT
L7z,

Elo, ARA A R (¢=0.01~0.13) @}
R 5 72w, BTl OOy TR IR %,
09% RIEAKRT2MHEFEL, Ob, HEEKEHA
WTEKEN & 6 ~240H1T 78 - 7o, 6000
r.p.m. 2045 FEMRIEE O L I & Bk v 7.
TOXHIRLTxbhesbhi, BEAENE
& cyanmet Hb 20 i X W SdrLiz & 2 5,
REME Hb o FERZRBD b hmhr o7, HElo
A A L iBEEIx Beckmann DIEEFEIC & B KE
BTEPSHELL. Thbb, Z0XSHKT
TR TNaCliz k24D R L, JKEMK
TFE —1.85°C X losmol i2#HY L, FiiT,
0.5 mol NaCl 1z f8%+5 % @ & 275 L7z,
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7. BEREEHECBIETA 4 VRED
BT ML LS5 BT, —EpR/hS
 LizREHCEEmRORER R EMAL, FU ¢
FE LicRBhbER L 2.

PLED X 5 UCIER Lokt (Hb REHY
23 g/dl) % v CHERSRAREERRR & T

M & 7 A Ok, CO, BLUO, &F
£, Pcos Pos pH JEHHITAIE | LFIET
»5. pH 11 7.10~737T Offickh v, BESH
7z Pos 12 Bohr ZhiR{R% —0.802D & A v T
pH 7.20 DEICHIEZITR-7c. ZTDXIICL
Tk Por BIUW Y mBRICKTE O, @
Bunsen OIZEE 0.026120 L LTk O
VTR R Hill e XY ##T LEVRER &
R CARBIC X Y Po gk, B 1A
OEREBR i DIz 4 ~5 HERDI.

L A CREND 1 A% 01BL T, 1 A%
LTHIE e E pH OB iH 5 VTR
w0 Peo, % 40mmHg & L72R,
pH 25T 7T2fhEEm-7. Lrl, BR
B 2177 - Taie p DIERCERENT, 1 OB
itk pH & F 24250 T, pH & 7.20C7
BiciE, Pcor & 2~3mmHg & TJ AT E
b ole. 2T Peop 2~30 mmlg 1233
T 2 72 Poo 1%, APso/APco,=0.0619 (f23H,
PH72 £ B v ThZOERLEIOLD LR
7o L) B TT T Peo, 40mmHg ¥
3% P fEEL7D LD CHIEEITR - 7.

kP bR oEREROGESE Hill XonfE
L7z

£ B K &

1. CO, nEBHERIz>VT

2 ONEREELRCR L. ZORKED
5% Peoz & Pso OBRERR L b DA, 5
2CchBH. ZZT Pco: & Pso DEARRERR
BERTHD LARLT, ZOERERERD S
L,

P;,=0.0619 Pco,+31.44 (r=0.7483)

Pate. %¥iz, Pcor & log Py REMBET
b5 L KT & F ORIFERRE,

Table 1.
Pso at 37°C and pH 7.40. Base exess (BE) were
calculated from Siggaard-Andersen and Engel’s

2T

Influence of Pcoz, 10~100 mmHg, on

nomogram?®’
No. PcoimmHg) Ps(mmHg)  logPso BE
1 9.9 32.03 1.5055 —19.1
2 9.9 35.01 15442 —193
3 11.3 31.07 14924 —18.38
4 11.6 32.41 15105 —18.0
5 26.4 35.47 1.5499 —8.8
6 26.5 32.43 1.5109 —8.4
7 34.7 31.04 1.4920 —32
3 42.3 33.01 1.5186 2.7
9 42.4 31.25 1.4949 2.7
10 48.8 34.84 1.5421 6.5
11 49.8 36.03 1.5567 6.7
12 50.1 33.40 1.5237 6.9
13 53.8 34.90 1.5428 8.8
14 68.3 36.36 1.5606 11.1
15 70.3 36.93 1.5674 16.4
16 704 34.12 1.5331 15.3
17 85.0 36.67 1.5643 22.7
18 90.0 38.62 1.5868 25.0
19 100.8 37.58 1.5749 294
50
;& 40 . . —
£ 30 :
[e]
5 20
fo
o I 1 1 1 1 1 1 1 L 3
O 10 20 30 40 50 60 70 80 90 10
' pCO2 (mmHg)
Fig. 2. Relationship between Pcos and Pso.

Regression line is Pso=0.0619 Pco;+31.44 (r=
0.7483).

log Ps=0.000776 Pco,-+1.4985 (r=0.7416)
Linoie. WROMEEREKr OBCHEREEEZR
DEVOT, ELoRLVERUTHE &)
iRz oi.

%7, log Ps, & Base Excess (BE) nEif%#%
=141 T H 7. BE i% Siggaard-Andersen and
Engel © nomogram?) % fv~T, Hb J&EF,
Pcos, PH 22 5EH L7z, log Ps, & BE f&73,
ERERERH L BT L, T ORFERL,

log Pgy=0.00136 BE+1.5311 (r=0.7117)
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Table 2. Influence of Pecos, 0.3~5.4 mmHg, on Py at 37°C and pH 7.40
P b Solutions added to the blood samples to remove CO,
No. (mnglo‘lzg) (mmSI(-)Ig) 0.9% 029mol  0.25mol  0.25mol Other
NaCl*  lactic acid* Na,HPO* KH,PO* solutions
1 0.280 27.42 O 0.29 mol
citric acid*
2 0.390 26.52 O 0.17N HCl
3 0.500 29.17 O O O O
1 0507 25.47 O o O O
5 0.654 27.66 O O O O
6 0.776 27.86 O 0.1N NaOH
70797 33.07 O O O O
8 0878 30.31 O O o o -
9 0944 32.07 O O O O
10 0955 31.70 O 0O o o
11 1.082 36.18 O O
12 1285 33.31 @) O O e}
13 1971 35.06 O O 0O O
14 3172 32.32 e O 0O O
15 5365 35.48 O O
* Every solution is isotonic to blood.
Table 3. Influence of # on Ps, and n value of Hill's equation
No. Freezing pgint u Pso(mmHg) n
depression °‘C ' 50
1 —0.015 0.008 16.38 2.847
2 —0.040 0.022 16.24 3.374
3 —0.050 0.027 17.04 2.920
4 —0.125 0.068 15.91 3.333
5 —0.125 0.068 17.25 3212
6 —0.228 - 0123 23.56 3.263
7 —0.246 0.133 25.83 3.173
8 —0.048 0.026 15.23 2.939
9 —0.175 0.095 22.73 3.668} 1 in Fig. 4
10 0.811 53.31 2.744
11 —0.050 0.027 17.04 2.968
12 —0.205 0.111 22.62 2.930} 2 in Fig. 4
13 0.416 44.24 2.589
14 —0.090 0.049 17.66 3.253 . .
15 0.324 42.42 3.111} 8 in Fig. 4
16 0.110 29.18 3.418
17 0.141 30.87 3.197
18 0.198 33.35 3.498
19 0.199 32.89 2.954
20 0.228 37.75 3.266
21 0.338 39.23 2.848
22 0.453 43.85 2.870
23 0.571 45.15 2.619
24 0.679 46.81 2.623
25 0.816 44.73 2.962
26 1.046 48.20 2.654
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Fig. 3 Relationship between Pcos and Ps. From
data of symbol @ regression line, Ps=8.922 Pcoz+
23.33 (r=0.8185) is calculated. @ : Experiment Nos.
1~12 in Table 2. A : Experiment Nos. 13~15 in
Table 2.
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Fig. 4. Relationship between g and Ps. @ : ¢ is
varied by adding distilled water or NaCl solutions.
A is lowered by electrodialysis. x : g is reinforced
by adding NaCl to electrodialyzed hemolysate.
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On the movements of the stomach and the jejunum during
nausea and vomiting

Katuhiko Ohasi (Second Department of Physiology, Okayama University Medical School)

A specific abdominal window made of transparent plastics was set on dogs nonanesthetized
and decerebrated, or anesthetized with chloralose. The animals were then given apomorphine
subcutaneously in a dose of 0.1~0.2 mg/kg to elicit nausea and vomiting, which had char-
acteristic effects upon the gastrointestinal motility such as described below :

1. During nausea and vomiting, not only the inhibitory but also the excitatory responses
of the gastric and jejunal motilities were observed : The stomach fell into a persistent con-
traction in its pyloric part, whereas it was spherically dilated in its body and fundus. The
tonic contraction was superimposed usually with peristalses and occasionally with antiperistalses
which hardly reached as far as the angular incisure, but naturally the antiperistalses did not
evacuate the contents into the esophagus.

2. On the basis of the results obtained from the experiments, where the vagus, the
splanchnic and lumbar sympathetic nerves were successively severed, it might be concluded
that during nausea and vomiting, both the parasympathetic and sympathetic nuclei in the
central nervous system were excessively excited, thus intermingling of the excitatory and
inhibitory effects being produced on the gastrointestinal motility. Additionally, it was remarked
that the parasympathetic and sympathetic nerves exhibited both the excitatory and inhibitory

effects on the gastrointestinal muscle, respectively.
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Fig. 1. A double-walled abdominal window
and its attachments.

38°CW

Fig. 2. Arrangement of the experimental ap-
paratuses. A :a double-walled abdominal window.
C : chronometer. J : jejunum. K : kymograph. M;~
Ms : Marey’s tambours. P : pneumograph. S:
stomach. W : water manometers. 38°CW : warmed
water from thermostat.
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Fig. 3.

The aspect of the stomach observed during vomiting. Dog(10kg). A ! Aspect
of the stomach observed 2 minutes hefore subcutaneous administration of apo-
morphine. B & C:! B shows the aspect when the vomiting begins to occur,
and C that of the stomach observed 1.5 minutes later. A schematic view of
the stomach is indicated in the corner of the each figure.

In each picture, arrows indicate the angular incisure, respectively.
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Fig. 4. Influences of nausea and vomiting upon
the movements of the stomach. Dog (14 kg) ane-
sthetized with chloralose (80 mg/kg). Tracings from
above downwards indicate the pneumogram (P),
the movements of the pyloric part (Py), those of
the corpus (C), and time in 6sec intervals. Intra-
luminal diastolic pressure in the balloon : 10 cm
H,O. Apomorphine (0.2 mg/kg) was subcutaneously
administered at the arrow. V : vomiting action. n:
nausea. During nausea the gastric motility is firstly
excited, then followed by its inhibition, while it is
again increased during vomiting.

I)

Fig. 5. Influences of nausea and vomiting upon
the jejunal motility. Dog (10 kg) anesthetized with
chloralose (80 mg/kg). Tracings from above down-
wards indicate the pneumogram (P), the jejunal
motility (J) and time in 6 sec intervals. The intra-
luminal diastolic pressure in the balloon : 5 cm
H,O. V : vomiting action. At the arrow, apomor-
phine (0.1 mg/kg) was subcutaneously administered.
The motility is first slightly excited, then just be-
fore vomiting intermingled with excitation and
inhibition and excessively excited when vomiting
oceurs.
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Fig. 6. Influences of nausea and vomiting upon
the jejunal motility. Dog (7 kg) anesthetized with
chloralose (80 mg/kg). As to the tracings the same
explanations as in fig. 5 are applied. The intraluminal
diastolic pressure in the balloon : §em HzO. V:
vomiting action. At the arrow apomorphine (0.1 mg/
kg) was subcutaneously administered. Soon after the
administration of the drug, the motility is remarkably
increased, then just before vomiting intermingled
with excitation and inhibition, and remarkably
inhibited when vomiting occurs.
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Fig. 7. Influences of nausea and vomiting upon
the gastric motility in the vagotomized dog. Dog
(13kg) anesthetized with chloralose (80 mg/kg).
The tracings from above downwards indicate the
pneumogram (P), the gastric motility (S) and time
in 6 sec intervals. The intraluminal diastolic pres-
sure in the balloon : 10 cm H,O. ¥V : vomiting action.
A : At the arrow, apomorphine (0.15 mg/kg) was
subcutaneously B : Eight minutes
later the gastric motility is increased, and remark-
ably inhibited just before and during vomiting.

administered.

8 min

Fig. 8. Influences of nausea and vomiting upon
the jejunal motility in the vagotomized dog. Dog
(9.5 kg) anesthetized with chloralose (80 mg/kg). As
to the tracings the same explanations as in fig. 5
are applied. The intraluminal diastolic pressure in
the balloon : 6 em HzO. V : vomiting action. A :
At the arrow, apomorphine (0.1 mg/kg) was subcu-
taneously administered. B : Nine minutes later the
jejunal motility is increased, and remarkably in-
hibited just before and during vomiting.
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Fig. 9. Influences of nausea and vomiting upon
the motility of the dog’s stomach whose splanchnic
and lumbar sympathetic innervations have pre-
viously been severed. Dog (11 kg) anesthetized with
chloralose (80 mg/kg). As to the tracings the same
explanations as in fig. 7 are applied. The intra-
luminal diastolic pressure in the balloon : 13 cm
H,0. V : vomiting action. n: nausea. At the arrow
apomorphine (0.15 mg/kg) was subcutaneously
administered. The changes of the gastric motility
are somewhat similar to those observed in the case,
where the nerves are intact (see fig. 4).

Insp,

fmin,

Fig. 10. Influences of nausea and vomiting
upon the motility of the dog’s jejunum whose
splanchnic and lumbar sympathetic innervations
have previously been severed. Dog (9 kg) anesthe-
tized with chloralose (80 mg/kg). As to the tracings
the same explanations as in fig. 5 are applied. The
intraluminal diastolic pressure in the balloon : 6 cm
H,0. V : vomiting action. N« nausea. A : At the arrow
apomorphine (0.1 mg/kg) was subcutaneously ad-
ministered. B : The changes of the jejunal motility
are somewhat similar to those observed in the case, .
where the nerves are intact (see fig. 5).

Fig. 11. Influences of nausea and vomiting
upon the gastric motility are abolished when the
vagus, splanchnic and lumbar sympathetic nerves
have previously been severed. Dog (9 kg) anesthe-
tized with chloralose (80 mg/kg). As to the tracings
the same explanations as in fig. 3 are applied.
The intraluminal diastolic pressure in the balloon :
10em H;O. V : vomiting action. At the arrow
apomorphine (0.2 mg/kg) was subcutaneously ad-
ministered.

Fig. 12. Influences of nausea and vomiting
upon the jejunal motility are abolished when the
vagus, splanchnic and lumbar sympathetic nerves
have previously been severed. Dog (13 kg) anesthe-
tized with chlolalose (80 mg/kg). As to the tracings
the same explanations as in fig. 5 are applied. The
intraluminal diastolic pressure in the balloon: 6 em
H.0. V : vomiting action. Apomorphine (0.2 mg
/kg) was subcutaneously administered 13 minutes
before this tracing.

A
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Fig. 13. Nausea and vomiting have no influence
upon the motility of the denervated jejunal loop.
Dog (7 kg) anesthetized with chloralose (80 mg/kg).
Tracings from above downwards indicate the
pneumogram (P, the innervated jejunal motility
(L. 1), the denervated jejunal motility (D. J.) and
time in 6sec intervals. The intraluminal diastolic
pressure in the bdlloon :6em H.0. V@ vomiting
action. A : At the arrow apomorphine (0.15mg/kg)

was subcutaneously administered. B : Four minutes

later. In the innervated loop a typical change of the
motility is produced when vomiting occurs, whereas
in the denervated loop any change is hardly seen.

Smin

Fig. 14.
nausea and vomiting of the dog whose spinal cord
was transected at the level of 3 rd thoracic segment.
Dog (12 kg) anesthetized with chloralose (80 mg /kg).
Tracings from above downwards indicate the pneu-
mogram (P), the gastric motility (S), the jejunal
motility (J) and time in 6 sec intervals. The intra-
luminal diastolic pressure in the balloon : stomach,
10em H,0, jejunum, 8cm H,O. V : vomiting
action. A : At the arrow apomorphine (0.15 mg/kg)

was subcutaneously administered. B : Eighteen minu-
tes later. Remarkable jejunal inhibition was seen
in contrast with gastric excitation. As to explanatipn

Gastric and jejunal motilities during

see text.
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Fig. 15. The diagram illustrating the mechanism

of the manifestation of the excitation and the
inhibition of the gastric and jejunal motilities
during nausea and vomiting. A : coeliac ganglion.
B : superior mesenteric ganglion. C: spinal ganglion.
V. C. : vomiting center. Th : thoracic segments. L :
lumbar segments. Spl:major and minor splanchnic
nerves. V : vagus nerves.
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Correlation of plasma iotal keione bedy io free fatty acid
leveis in some groups of Hokkaido residents

Tsutomu Hiroshige, Katsuhiko Doi, Ichiji Wakabayashi and Shinji Itoh*

Department of Physiology, Hokkaido University School of Medicine, Sapporo

Although the role of plasma free fatty acids
(FFA) as a metabolic fuel has received conside-
rable attention in recent years, rather minor
consideration was given to the significance of
ketone bodies as metabolic substrate. Ketone
bodies are generally believed not to be normal
intermediates in the degradation of fatty acid.
But these substances, formed by special react-
ions, are known to serve, together with FFA,
as a readily oxidizable fuel in various tissues
when the supply of glucose is restricted. Since
it was reported from our laboratory? that a
significant difference in the plasma level of FFFA
was found among several groups of subject po-
pulation in Hokkaido, it was thought of inte-
rest to examine simultaneously ketone body
metabolism and to find out correlation, if any,
of plasma levels of the ketone bodies to those
of FFA in these groups.

Experiments were performed during winter

season on five groups of Hokkaido residents ;

three of Japanese and two of the Ainu. The
Japanese groups consisted of (1) 12 healthy,
male medical students in the year range of 21
to 24 living in Sapporo, (2) 13 male farmers in
Niikappu area which is located on the south-
west coast of Hokkaido, and (3) 21 fishermen
and factory workers in Monbetsu on the north—
east coast of the island. The Ainu groups were
(4) those living in Asahikawa and (5) in Niika-
ppu area, both consisting of 13 male subjects.
Two kinds of experiment were done. The first
was designed to observe the circadian rhythm
in plasma levels of total ketone bodies in rela-
tion to those of FFA, using the medical stu-
dents as volunteers. Ordinary meals were given
exactly at 8: 15, 11 :30 and 18 : 30. Plasma
levels of total ketone bodies and FFA were
followed every four hours starting at midnight
over a period of 24 hours. Total ketone bodies
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were determined by the method of Johnson,
Sargent and Passmore? and FFA by that of
Itaya and Ui®. In the second series of experi-
ment, all subjects were fasted overnight followed
by sampling of plasma in the next mornig.
The result obtained from the first series of
experiment was shown in Fig. 1. It is apparent
that plasma levels of total ketone bodies vary

-almost in parallel with those of FFA during a

day ; they show maximum and minimum val-
ues just before and after brealkfast, respectively.
When fasting hours were prolonged in several
subjects in another set of experiment, ketone
body as well as FFA levels rose sharply, again
in parallel as shown in Fig. 1. When plasma
levels of FFA in pEq/L (X) were compared
with those of total ketone bodies in pM/L (Y),
a good correlation was found, given by an eq-
uation Y=0.53 X +4-281.4, with a significant
correlation coefficient r=0.42 (P <0.002, degre-
es of freedom=55). Similar good correlations
were also found in other Japanese groups in
the second series of experiment, i. e. in Niika-
ppu group, r=0.56 (P<0.05, D.F.=11) and in
Monbetsu group, r=0.71 (P<0.001, D. F.=19).
In contrast, in neither of the Ainu groups sig-
nificant correlation was demonstrated, i. e. in
Niikappu group, r=0.15 (N.S., D.F.=11) and
in Asahikawa group, r=0.14 (N. S., D. F.=11),
although mean values of total ketone bodies
were not significantly different between Japa-
nese and Ainu, ranging from 512 to 630 M/
L.

Since ketone body formation by the liver is
proportional to the concentration of FFA in
the plasma®, a good correlation between these
parameters would be expected. The present
finding of the significant correlation between
them in Japanese groups is in accord with the
above concept. Werk et al® demonstrated a
significant correlation between these parameters
in the diabetic patients, both fasting and non-
fasting, although the relationship did not attain
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Fig. 1. Diurnal variations iﬁ plasma levels of

FFA and total ketone bodies. Solid lines were
obtained from 12 medical students. Arrows at the
bottom indicate the time of meal. The equation
given shows the relation between plasma FFA (X)
and ketone bodies (V). Broken lines were from
another set of experiment in which fasting hours
were prolonged.

a significant level in the fasting non-diabetics
because of insufficient number of paired ketone
and FFA values. In this connection, it is of
particular interest that plasma FFA levels were
the lowest in the Ainu as reported from our
laboratory®. In addition, lack of relation in the
Ainu of ketone body to FFA levels in the
plasma was described in the present report.
Since it is well known that the release of fatty
acids from adipose tissue is regulated by many
factors, including pituitary hormones, corti-
costeroids and catecholamines, some peculiar
features in the interaction of these factors are

Plasma ketone bodies and FFA

expected to explain the low levels of plasma
FFA in the Ainu. And yet, still other factor
(s) might be postulated for the explanation of
the discrepancy between plasma FFA and ket-
one body levels in the Ainu. Fredrickson and
Gordon? proposed a term “‘caloric homeostasis”
to express the complementary role which FFA
and glucose play in the blood in supplying
the respiratory fuel. According to Krebs®, the
significance of physiological fluctuation in ketone
body level should be sought in this concept, i.
e. ketone bodies as a third source of energy.
If this concept is valid, it is conceivable that
in the Ainu relatively high levels of ketone
body are maintained in spite of the lowest level
of plasma FFA, although elucidation of mecha-
nisms underlying this phenomencn awaits
further exploration..

This work was supported by a grant irom the
Japan Society for the Promotion of Science (M-3).
The authors are highly indebted to Dr. K. Kumagai,
Director of the Monbetsu General Hospital, Mr. K.
Otsuka, Asahikawa Police Station and Dr. N. Yaza-
wa in Niikappu, for their cordial help throughout the
experiments.
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Off-response from frog muscle spindles

Fumio Ito *

Department of Physiology, School of Dentistry, Aichi-Gakuin Universily, Nagoy

Off-responses in sensory discharges have been
observed in visual2 and auditory afferents)?®),
and recently in Pacinjan corpuscles®. Similar
ofi-responses were also detected in spindle re-
ceptors in sartorius muscles of the frog (Rana
nizromaculata) in the present study.

A single afferent nerve fiber of a spindle
‘receptor was isolated along its intramuscular
course until the capsule was distinguished from
the neighbouring muscular tissue under a bi-
nocular microscope. The receptor was identified
microscopically or on conduction velocity of the
afferent impulse®. The technique was essenti-
ally the same as described previously?. The
muscle was stretched by means of a stretcher,
driven by rectangular electrical pulses of 100
msec duration and of different strengths. The
in sitw length of muscles was termed ‘40 mm’.
The term ‘—2mm’ or ‘+2mm’ means that a
muscle was relaxed or lengthened by 2mm,
respectively, from the +0mm length. In all
records negativity at the electrode at the side
of the sensory nerve terminal relative to the
electrode in the proximal end of the nerve
was displaved as an upward deflection.

Fig. 1 A shows responses of a spindle recep-
tor during muscle stretch by 2mm from diff-
erent initial lengths. When the muscle was
stretched by 2mm from —2 mm initial length,
a small depolarization appeared at the initial
tension increment, and a spike at the bottom.
of the tension decrement after cessation of the
stretch (Fig. 1 Aa). This is ‘off” response. When
the muscle was stretched from +0mm, two
spikes appeared at the peak of an initial incre-
ment of the muscle tension and at the falling
phase of the tension after cessation of the
stretch (Fig. 1 Ab). This is ‘on-off’ response.
The same spindle receptor showed an ‘on’ res-
ponse during muscle stretch by 2mm from
+1mm (Fig. 1 Ac). In general the ‘off’ res

“Received for publication May 7, 1968]

ponses were observed in the slack state of the
muscle, whilst the ‘on’ response in the extended
state.

Fig. 1 B shows responses of a spindle receptor
during repetitive stretch of the muscle (with
alternative square pulses at 5/sec) with different
stimulus strengths from -+0mm. When the
muscle was stretched by 1mm, ‘on-ofl’ res-
ponses appeared repeatedly (Fig. 1 Ba). During
stretch of the muscle by 2or 4 mm, the num-
ber of the ‘off’ response increased, and the ‘on’
response became to appear with a considerable
delay of up to 20~40msec (Fig. 1 Bb and ¢).
These results suggest that such ‘off’ responses
may be due to a rebound stretch of the spindle
nerve ending caused by the difference of visco-
elastic properties between the intra- and extra-
fusal muscle fibers.

During stretch of the muscle by 2mm from
+0mm, no significant depolarizations could be
detected (Figs. 1 A and B), but ‘off® responses
often appeared on a depolarized hump as illu-
strated in Fig. 1 Ca. Such a depolarization was
wiped out when the preparation was perfused
with 50 mM KCl-Ringer’s solution (Fig. 1Cb),
or changed into a hyperpolarization by applic-
ation of 100 mM KCI (Fig. 1 Ce). Accordingly,
the spike discharges became to appear frequ-
ently on the depolarization at the onset of the
muscle stretch. These responses were reversible
when the preparation was returned into the
normal Ringer’s solution after a transient appl-
ication of KCl. Irreversible responses were ob-
served with longer application of lower concen-
tration of KClL

The above result implies that the ‘off’ res-
ponses of the spindle receptor may not be due
to a mechanical effect as supposed above but
may be due to a rebound depolarization of the
nerve terminal elicited in relation to the me-
chanical effect. In other words, the hyperpola-
rization during muscle stretch from a slack state
may be due to a peculiar deformation of the
nerve terminal, for example, as a transverse
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Fig. 1. Responses of isolated spindle receptors (upper traces) and tension changes (lower
traces) during rectangular stretches of the muscle. A : Responses during muscle stretch from
different initial lengths ; (a) —2mm, (b) +0mm and (¢) +1 mm. B : Responses during repe-
titive stretches with alternative pulses of 5/sec ; distances of the stretch were 1 mm in (a),
2mm in (b) and 4 mm in (¢) from +0mm initial length. C : Responses during muscle stretch
by 2mm from +0mm in KCI solutions of different concentrations ; (a) 2.5 mM, (b) 50 mM
and (c) 100 mM. Calibration : 1mV, 0.3 g, 30 msec.

pressure to a beaded chain of micro~spindles®.
Nishi and Sato® have demonstrated that a
hyperpolarization and ‘off’ responses were elici-
ted by compression of Pacinian corpuscles along
a certain direction.

I am greatly indebted to Prof. M. Sato in the
Department of Physiology, Kumamoto University
Medical School for his suggestions and for his corr-
ection of the English manuscript.
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Pituitary transport ATPase and the thyroid

Isao Takagi and Kiyoshi Yamamoto *

Department of Physiology, Institute of Endocrinology, Guanna University,

Maebashi, Japan

It has been well established that the pitui-
tary function is regulated by some peripheral
endocrine organs. In our previous papers2)3)
DO, it was shown that thyroidectomy or
adrenalectomy stimulates and thyroxine (T,) or
glucocorticoid administration depresses amino
acid transport and incorporation into the pitui-
tary. Since active transport of amino acids
through cell membranes is known to be medi-
ated by Na*, K*-activated ATPase or so-called
transport ATPase (tATPase) in many tissues,
it was interesting to investigate whether the
pituitary tATPase is affected by thyroid states
or not. Based on our former resultsD246), the
pituitary enzyme was expected to be depressed
by T,, though T, and other thyroid hormones
exerted no effect on the same enzyme of the
thyroid?.

Materials : Adult rats of Wistar strain weig-
hing 150 to 200g were used. Thyroidectomy
was performed surgically 2 weeks before use.
T, was injected subcutaneously at a dose of 20
g per 100 g body weight. After decapitation,
anterior pituitaries, usually 15~20 pituitaries
from each one group of animals, were excised,
pooled and homogenized with water. Prepara-
tion of pituitary cell membrane and the meas-
urement of its ATPase activity were carried out
as descrided before”). Activity measurement
was made in duplicate, and two values, usually
very close to each other, were averaged and
shown in the following data.

Results : The pituitary cell membrane tATP-
ase showed the highest activity in the presence
of 100 sM Na* and 20 M K*. The pH opti-
mum was found at around 8.0. The enzyme
was ouabain-sensitive, being depressed completely
at 107*M of ouabain.

Table 1 shows that pituitary tATPase was

A e AT Y BN AP
RS ES
{Received for publication May 22, 19633

activated 2 weeks after thyroidectomy. Though
the enzyme activity differed considerably from
sample to sample, marked activation was ob-
servable in all cases and the 95 activation was
between 49-113.

Table 2 shows that T, injection to intact or
thyroidectomized animals depressed the enzyme
activity. Four hours after the injection, the
depression was slight (9~249,), increased there-
after, and was conspicuous after 16 hours (13~
839).

Table 3 indicates that physiologically active
thyroid hormones, T, triiodothyronine (T;) and
tetraiodothyroacetic acid (TA,), were all effec-
tive in depressing tATPase significantly in
vitro. At 5 x107° M, the depression was 49~
929, and even at 5 x10°*M a slight but
consistent depression (6 ~ 9 ¢;) was observable.
In contrast, D-thyroxine and other inactive
iodide compounds, such as KI, monoiodotyrosine
and diiodotyrosine, were entirely ineffective.

Discussion : The results mentioned above clear-
ly indicate that pituitary tATPase activity is
altered by the functional states of the thyroid.
Thyroidectomy increased and injection of T,
depressed the enzyme activity. The depressive
effect of T, was also marked in wiiro. The
fact, that only physiologically active thyroid
hormones exert their depressive action on the
enzyme, indicates that the action is of physio-
logical significance.’

In contrast to thyroid tATPase which was
not affected by thyroid hormones?, pituitary
tATPase was depressed by T, administration
both in vive and in vitro. On the other hand,
pituitary thyroid-stimulating hormone, when
injected in vivo, is reported to enhance synthesis
of thyroidal tATPase®. Such a reciprocity of
the hormone action on the target tissue enzymes
points strongly to a close functional relation-
ships, i. e., so-called feedback control, between
the thyroid and the pituitary.

As was reported beforeD?), T, depressed
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Table 1. Activation of tATPase by thyroi-
dectomy
tATPase activity
Exp. (mp moles Pi/mg protein/20 min)
No.
Intact control Thyroidectomy % Increase
1 31 68 +112
2 34 71 +111
3 35 30 +113
4 41 69 + 68
5 43 64 + 49
6 16 39 + 94
Depression of tATPase by T4 injection

Table 2.

Exp. Time after tATPase activity

No. Inj. (hr) (mg moles Pi/mg protemn/20 min)
Intact T, %
control injected Decrease
4 18 —22
1 8 23 14 —40
16 13 —43
4 19 —24
2 8 25 15 —40
16 1 44
Thyroidecto- T, %

mized control injected Decrease
1 [ — —_——
1 8 44 25 —43
16 17 —61
4 538 — 9
2 8 64 44 —31
16 11 —83

Table 3. Depression of tATPase by thyroid

hormones added in vilro

tATPase activity

Additions (my: moles Pi/mg protein/20 min)

None 65 ———

T 5% 107M 33 (—49)*
£ 5%107M 40 (—38)
5% 1075M 59 (— 9)

None 65 ———
T 5% 107M 21 (—68)

2 5x107"M 33 (—49)
5% 107sM 61 (— 6)
None 65 ———

~a 5% 1075M 5 (—92)
TA: 55 10-M 37 (—43
5% 1078M 59 (— 9)

# Depression

active transport of a—aminoisobutyric acid (AIB)
into the pituitary, so it seemed that the depres-
sion of pituitary tATPase by T, is the direct
cause of the depression of the amino acid
tronsport. However, it was later found that
the pituitary AIB transport is entirely insen-
sitive to ouabain®. Therefore, it should be
assumed that amino acid transport into the
pituitary might not be mediated by tATPase,
and the depression of tATPase by T, might
have no relation to the depression of amino
acid transport by T,. However, the stimulation
of pituitary tATPase by thyroidectomy and its
depression by T, administration may produce
certain alterations in ionic balance of Na* and
K+, causing changes in some pituitary functions,
which might be involved in some manner in
the feedback control mechanisms of the pitui-
tary activity by the thyroid.
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Effects of thyroidectomy and adrenalectomy on the levels
of free amino acids in rat anterior pituitary

Shigeru Matsuzaki and Kivoshi Yamamoto *

Department of Physiology, Instilute of Endocrinology, Guuma University,

Maebashi, Japan

It was demonstrated in our laboratory that
both uptake and incorporation of certain amino
acids into rat anterior pituitary were stimulated
by thyroidectomy, and that the stimulation was
suppressed by thyroxine administration2)$D,
Further, similar relationships between the pitui-
tary and the adrenal have been found®. Since
both uptake and incorporation of labeled amino
acids into tissue protein can be influenced by
a number of factors including the levels of the
free amino acids or the pool sizes of free amino
acids in certain tissues®, it seemed necessary
to investigate the effects of thyroidectomy or
adrenalectomy on the amino acid pool in the
anterior pituitary.

Female Wistar rats weighing 150~180g
were divided into three groups of 30 rats each.
In one group rats were surgically thyroidecto-
mized two weeks before use. Rats in another
group were bilaterally adrenalectomized 7 days
before use and maintained on saline. The control
group remained untreated. After these pretreat-
ments, animals were decapitated, and 30 anterior
pituitaries from each group were washed in
Krebs-Ringer bicarbonate buffer, weighed and
then homogenized in 1ml of a 809 ethanol
solution. Proteins in the homogenate were
precipitated by centrifugation at 8,000 x g for
10 min. The precipitate was suspended in 80%
ethanol and centrifuged again. This procedure
was repeated 5times. The 5 extracts thus
obtained were combined, evaporated to dryness
and dissolved in 2.2 ml citrate buffer (pH 2.2).
Two ml aliquots were taken and neutral and
acidic amino acids were analyzed employing the
‘middle’ column (50 cm) with a Hitachi Amino
Acid Analyzer Model KLA-3 B. One mymole
of norleucine was added to the homogenate
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before the extraction mentioned above, in order
to determine the rate of recovery of free amino
acids. The rate was found to be around 959,
and correction was made for each amino acid.

The normal levels of free amino acids in
rat anterior pituitary and the effect of thyroi-
dectomy or adrenalectomy thereupon are sum-
marized in Table 1. The levels of glutamate
and aspartate are very high and next come the
levels of glycine, threonine, alanine and proline.
The levels of other amino acids are low, and
cystine is present only in a trace. Some other
ninhydrin-positive substances including am-
monia were also found. Basic amino acids, such
as lysine, histidine and arginine, are not shown
in Table 1, though these were detected in
appreciable quantities when a ‘short’ column
(15 cm) was used. The pool sizes of these amino
acids are similar to those of the thymus?, but
considerably different from those of the liver
and skeletal muscle?.

Thyroidectomy does not cause any marked
changes in the pool sizes of many amino acids
in the anterior pituitary, but proline {—329%),
isoleucine (—259) and methionine (4 259%)
show considerable changes. With other amino
acids, the changes are less than - 15, and alanine
shows no change.

The effect of adrenalectomy is more marked
than that of thyroidectomy. Changes more than
--409, are seen with glycine (+45), threonine
(+489), isoleucine (+5025) and leucine (—41
9%). The change in alanine level is rather small
(+15%).

Though it is important to measure the size
of amino acid poolin studies on amino acid
incorporation, only a few reports have so far
appeared. Betheil et al.” reported that decreased
amino acid incorporation into rat skeletal muscle
caused by cortisol was associated with the in-
crease in the pool size of amino acids, and with
the liver too, the amino acid incorporation
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Table 1. Levels of free amino acids in rat anterior pituitary.

Amino acid (#moles/100 g wet tissue)

Amino acids

Normal Thyroidectomized Adrenalectomized
Glutamate 454 517 564
Aspartate 312 351 339
Glycine 154 171 223
Threonine 143 165 211
Alanine 104 106 120
Proline 81 ) 66
Serine 44 48 52
Leucine 21 16 12
Valine 16 16 16
Phenylalanine 10 10 6
Tyrosine 10 10 9
Isoleucine 8 6 12
Methionine 4 5 4
Cystine + + +

changed in parallel with the pool size of amino
acid after cortisol supplement. With the anterior
pituitary and diaphragm, the rate of incorpora-
tion into protein was the highest with leucine,
medium with alanine and the lowest with
glycine®). In this study, the pool size is the
largest with glycine, medium with alanine and
the smallest with leucine in the pituitary.
Seemingly, therefore, the smaller the pool
size, the greater the rate of incorporation. This
may be due to dilution of added labeled amino
acid with endogenous one.

The alanine incorporation into rat pituitary
protein is stimulated significantly following
thyroidectomyD24), although the level of free
alanine in the pituitary does not change after
thyroidectomy. After adrenalectomy, the alanine
incorporation is also increased®, despite the
slight increase of free alanine in the pituitary.
From these facts, the change in the pool size
of alanine does not play any significant role in

the increased incorporation of this amino acid
in the pituitary.

The authors are grateful to Dr. Iwai, Mr. Hamana
and Mr. Ishikawa for their valuable advice and
technical assistance.
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TR REMMEOFENEICWT D adrenaline, acetylcholine,
Heptamin ®O{EH

Effects of adrenaline, acetylcholine and Heptamin on the action
potentials of small coronary artery
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Fig. 1.
artery in rabbit. A : control and B ;.15 min after
the application of 107*g/ml Heptamin. All action
potentials were recorded from a single fibre, in
which C and D were obtained with two different
high sweep speeds from A and B, respectively.

The action potential of small coronary
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