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L’accoutumance aux excitants étudiés s’effectue par la
disparition des troubles respiratoires et des mouvements
de I'animal dans la cage actographique, mais aussi par
une augmentation marquée des groupements ~SH non-
protéiques (+ 35,8%,) et une baisse accentuée des
groupements —SH totaux et protéiques (— 122 — 18,9%;
P < 0,01). En ce qui concerne la glycémie, on assiste a une
tendance continue vers la normale, mais méme chez
I'animal déja accoutumé elle reste plus élevée (+ 139%,)
que la normale (0,02 > P > 0,01).

Nous ne pouvons pas encore donner une intérprétation
satisfaisante des phénoménes observés. Mais I'angmenta-
tion progressive des groupements —SH non-protéiques,
pendant le déroulement d’accoutumance 4 un excitant
nouveau, nous croyons pouvoir l'attribuer a la dénatura-
tion réversible des protéines, phénomeéne décrit aussi par
Nasonov!Z et UnGar1,

En conclusion, nous avons constaté que le reflexe
d’orientation & un nouvel excitant détermine une augmen-
tation de la glycémie et des groupements —-SH non-
protéiques du sang, ainsi qu'une baisse des groupements

Transmitter Release in the Rat Diaphragm
During Tetanic Nerve Stimulation

In curarized mammalian muscle several investigators
have observed a progressive decline in repetitively evoked
endplate-potentials (EPPs) from the onset of the tetanic
stimulation period!-3. As the sensitivity of the endplate
membrane to acetylcholine (ACh) seems to be unchanged
during short periods of repetitive transmitter action45,
and as the EPPs seem to be approximately proportional
to the amount of transmitter liberated®, this amplitude
reduction is usually presumed to indicate a diminution
of the per impulse release of ACh from the nerve ter-
minals%78. This has been interpreted as a physiclogically
significant phenomenon##¢, a view which, however, has
been called in question by NaEgss®, since the decline in
EPPs is seen in preparations pretreated with d-tubo-
curarine, a substance which seems to interfere with pre-
synaptic events®-12, (For a more detailed discussion see
LirreneiL and Narss®) When high magnesium or low
calcium concentrations are used to prevent the initiation
of muscle contraction, there is on the contrary an initial
potentiation of successive EPPs in a tetanic train. A
reasonable explanation of this observation seems to be
that, due to high magnesium and low calcium concentra-
tion, a smaller fraction of the available ACh is released by
each impulse than in the normal or curarized preparation.
The nerve terminals are thus spared for the serious trans-
mitter depletion from which they probably suffer in
curarized preparations®® This hypothesis presupposes
that the amount of available ACh is roughly the same in
the different experimental situations mentioned. The
mechanisms concerned with mobilization and release of
transmitter are most probably influenced by the sub-
stances used. An attempt was therefore made to investi-
gate tetanic series of EPPs without adding any modifying
agents. This is described cursorily in the following.

Using the method first described by Barstap'!, in
which the muscle fibres of an isolated rat diaphragm strip
were cut transversally on either side of the endplate
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—SH totaux et protéiques. Pendant la disparition du re-
flexe d’orientation 4 la suite de l'accoutumance, les
groupements —SH non-protéiques restent les plus affectés.

Summary. The orientation reflex, to a new milieu,
causes increase of the glycemia and the non-protein —-SH
groups, and a diminution of the protein and total —-SH
groups of rabbit’s blood.

E. A. Pora, Mircea Por,
et N. FaBian

Chaire de Physiologie animale de I’ Université
de Cluj (Roumanie), le 21 décembre 71964.
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region, it is possible within a limited time period (about
30-120 min after cutting) to make intracellular recordings
of EPPs without the disturbing effect of muscle contrac-
tions (Figures 1, 2, and 3). The following criteria show
that the recorded potentials really are EPPs: (i) Minia-
ture-endplate potentials (mEPPs), indicating that the
electrode is standing at or close to the endplate. (ii) Sum-
mation of two impulses in quick succession. (iii) Elonga-
tion of the potentials (Figure 3 B and C) after addition of
an acetylcholinesterase-inhibitor (prostigmine).

Figure 1 shows recordings of indirectly evoked trains
of EPPs at 50/sec (B) and 100/sec (C) lasting about 5 sec
each. The initial phase of each train is characterized by
a 10209, fall in the EPP amplitude followed by a gradual
increase, which to some extent depends on the stimulation
frequency. On further stimulation there is a gradual de-
cline in the amplitude of the EPPs, which reaches half the
original value in about 5 min at a frequency of 50/sec
(Figure 2).

It was checked at higher sweep velocity that no pre-
synaptic failure!® was present. From fibre to fibre, only
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Fig. 1. Intracellular recordings of membrane and endplate-potentials
{EPPs) from isolated rat diaphragm in Tyrode solution at 37°C
after transversal cutting of the muscle fibres on either side of the
endplate region, — The approximate length of the muscle fibres after
cutting was 5 mm. A glass microelectrode filled with 3 molar KCl
solution and with a resistance of 10 M{2 was used. The phrenic nerve
was stimulated with supramaximal rectangular pulses of 0.05 msec
duration. The uppermost trace in each recording represents the zero
reference (the potential of the bath fluid). In A, membrane potential
and EPP 70 min after cutting. Stimulation frequency, 0.5/sec. In B
and C, trains of EPPs at frequencies of 50/sec and 100/sec respec-
tively. B recorded 1 min after A, C 2 min after B. Voltage scale:
10 mV. Time scale: 2 msec {A) and 1 sec {B and C).

Fig. 2. Procedure as in Figure 1, except for use of Ringer-Locke
solution. In A, membrane potential and EPP 50 min after cutting
the muscle fibres. Stimulation frequency, 0.5/sec. In B, seven frag-
ments, each of approximately 8 sec duration, from a continuous
recording of EPPs at a frequency of 50/sec. The upper two hori-
zontal trains with zero reference line represent the first 16 sec of the
stimulation period. Then follows below from left to right (without
zero reference) fragments taken 1, 2, 3, 4, and 5 min after the onset
of stimulation. Time scale: 2 msec (A) and 1 sec (B). Voltage scale:
5 mV (the amplitude of the time marker pulses).
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minor variations were seen in this pattern, which was
unaffected by change of bath fluid from Tyrode (Figure 1)
to Ringer-Locke (Figure 2) solution. The observations are
in agreement with the findings of LILLEHEIL and Nagss®
that the amplitude of the extracellular EPPs recorded in
the introductory phase of curarization are well maintained
during short periods of tetanization.

It is assumed that after cutting and subsequent gradual
depolarization, the permeability change in the endplate-
membrane caused by a certain amount of ACh is approxi-
mately normal. The reduced amplitudes of the EPPs are
probably mainly due to the altered ionic distribution with
reduced electrochemical driving forces. Therefore the
postsynaptic mechanism of the EPP reduction in this case
certainly differs fundamentally from the mechanism of
the postsynaptic curare action. This difference, however,
should be of minor importance as long as the amplitudes
are taken as indications only of relative amounts of ACh
liberated per impulse in a tetanic train.

The possibility exists that the nerve terminals could be
influenced by altered conditions brought about by the
cutting procedure. In some experiments a reduction in the
size of the EPPs with no parallel decrease in the membrane
potential has been observed during low frequency stimu-
lation (0.5/sec). This could possibly be explained as a
pre- or postsynaptic side effect of the electrode?®, but
could also indicate a reduced per impulse output of ACh
corresponding to a diminished nerve spike amplitude !,
which in turn might be due to a presynaptic depolarizing
effect of the muscle demarcation. A presynaptic effect
of the cutting is also indicated by the observation made
by Ranpi¢ and STRAUGHAN of an increased mEPP fre-
quency 4-40 min after the cutting. Collecting ACh over

_‘¥

Fig. 3. Effect of prostigmine on the recorded potentials. From the
same muscle fibre as in Figure 2 approximately 10 min after the end
of the tetanic train. Stimulation frequency, 0.5/sec. In A, recording
before prostigmine addition, In B and C, recordings 1 and 2 min
respectively after the addition of prostigmine bromide, 2 ug per ml
bath fluid, Note the elongation of the potential. Time scale: 2 msec.
Voltage scale: 5 mV (the amplitude of the time marker pulses).

¥ j 1. HussarDp and W. D. WiLLis, Nature 793, 1294 (1962).
15 Mirjana Ranpi€ and D. W, STRAUGHAN, ], Physiol,, Lond. 773,
130 (1964),
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20 min periods during stimulation at a frequency of
20/sec, the same authors found a reduced rate of ACh
liberation the first 1/, h after cutting. After that time, the
ACh liberation returned to approximately the precutting
value. These temporary effects can probably be avoided
when recordings are made at later stages after cutting
(Figures 1 and 2). On the other hand, HuBBARD and
WiLris? demonstrated that presynaptic hyperpolariza-
tion, though increasing the absolute EPP amplitudes,
did not substantially counteract the progressive decline
of these amplitudes in curarized preparations. This seems
to rule out hyperpolarization as an explanation of the
differences between the tetanic trains here presented
{Figure 1 B and C, and Figure 2 B) and those seen during
later stages of curarization.

If the records of the tetanic EPP trains presented above
give a correct picture of the normal course of transmitter
release during tetanization, the mechanisms involved in

Intestinal Transport of Glucose and Sodium:
Changes in Alloxan Diabetes and Effects of
Insulin

SoLls! has reported that insulin stimulated glucose ab-
sorption from intestinal loops, but it has been suggested
that changes in blood sugar levels may have been respon-
sible for the effect??. Insulin in vitro failed to increase
galactose uptake by rings of hamster intestine4. In view
of these conflicting reports, it seemed of interest to study
effects of insulin on glucose transport in vitro by everted
segments of rat intestine, a preparation free from the in-
fluences of changes in blood composition and flow. Several
reports indicate that glucose absorption is increased in
alloxan-diabetes5-7, but results concerning effects of insu-
lin again conflict. Recently, it has been shown that inti-
mate relationships exist between intestinal transport of
Na and glucose®~19, but there appear to be no reports on
effects of insulin and the alloxan-diabetic state on Na
absorption. Therefore, glucose and Na transport in
alloxan-diabetes and the effects of insulin in normal and
diabetic rats were studied.

Male Holtzman rats weighing about 300 g were used.
All were fasted for 18 h prior to sacrifice. One 15 cm seg-
ment of upper jejunum and a second of lower jejunum and
upper ileum were taken from each rat and incubated for
90 min in a Dubnoif shaker. The buffer was a Krebs-
bicarbonate with glucose 3 mg/ml. Details of segment
preparation and incubation appear elsewhere!l, Alloxan
was given by tail vein at a dose of 40 mg/kg after a 24 h
fast, blood sugar determined one week later and rats with
values above 300 mg9%, considered diabetic. All were
sacrificed 13 or 14 days after alloxan. Insulin was ad-
ministered in divided doses, half as PZ1 18 h before sacri-
fice and the rest as Lente Iletin 1 h before sacrifice.
Glucose in the serosal (absorbed) fluid was determined by
the Somocyr method?!? and Na by flame photometry.
Segments were dried to constant weight and absorption
in pg/mg tissue dry weight determined.

Effects of insulin in normal animals appear in the Table.
The term ‘absorption’ means net transfer from mucosal
(outer) fluid to serosal fluid, The hormone caused a
marked increase in glucose absorption and a small de-
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this release at the mammalian neuro-muscular junction
seem to be more persistent than generally assumed.

Zusawmmenfassung. Am isolierten Phrenicus-Zwerchfell-
priaparat der Ratte wurden, nach transversaler Durch-
schneidung der Muskelfasern auf jeder Seite der End-
plattenregion, Endplatten-Potentiale, ohne Zusatz von
modifizierenden Substanzen, intrazelluldr registriert.
Wihrend kurzdauernder tetanischer Nervenreizung er-
wies sich der Abfall der EPP-Amplituden als unerheblich
und die Freisetzung des neuro-muskuliren Ubertrigers
Acetylcholin bei Siugetieren wihrend des Tetanus, ent-
gegen der gewdhnlichen Auffassung, als offenbar an-
haltender.

G. LILLEHEIL

Division of Toxicology, Novwegian Defence Research
Establishment, Kjeller (Novway), February 15, 1965.

Effects of insulin and alloxan diabetes on Na and glucose transport

Group No.of Glucose  Serosal fluid Na Fluid
seg- absorption glucose con- absorption absorption
ments (ug/mg/h) centration  {ug/mgfh) (mg/mg/h)

{mg/ml)

Normal 11 4846 744+06 118411 43403

Normal 11 804+ 5% 113404 9.0 1.1% 4.2+ 0.4

insulin

0.75 u

Normal 6 45 -4 8 79415 98 2.3 35408

Diabetic 6 96 - 5» 10.8 4- 0.6* 19.0 4- 2.1» 7.0 4- 0.7®

Diabetic 6 96 + 8 9.6+ 06 191415 7.9406

Diabetic 8 96 + 9 11.4 + 0.75 13.7+ 1.1* 6.2 & 0.5%

insulin

0.75 u

Diabetic 6 804-6 111403 125416 52405

Diabetic 8 6+ 7 1254 0.5% 9.5 4 0.6* 4.0 4- 0.32

insulin

2.50 4

Mean -+ S.E, » P < 0.05,

1 A. Sows, S. Vipar, and L. LarraLDs, Nature 767, 932 (1948).

2 A. Sovrs, Rev. Espan. Fisiol. 7, 1 {1951).

3 M. Louray, Exper. 15, 193 {1959).

¢ R. K. Crang, Physiol. Rev. 40, 789 (1960).

5 F. Paurs and D. R. Drury, Am. J. Physiol. 737, 242 (1942).

8 L. Laszr and H. VoceL, Nature 757, 551 {1946).

7 R. K, Craxg, Biochem biophys. Res. Comm. 4, 436 (1961}.

8 T, Z. CzAxy and M. TuaLrg, J. Physiol. (London} 757, 59 (1960).

? I. Biaver and R, K. Craxg, Biochim. biophys. Acta 59, 78 (1962).
1 S, G. Scuvrrz and R, Zalusky, J. gen. Physiol. 47, 1043 (1964).
11 K. A. Avisesrook, Endocrinology 68, 1063 {1961).

12 M. Somogyi, J. biol. Chem. 760, 61 (1945).



