A

e
(7] 0\

JOURNAL OF THE PHYSIOLOGICAL SOCIETY OF JAPAN

I ES
itk W, IR, REERCE ¢ o8& — il R R AL
E5] R
ENDO, M. and THORENS, S. : Release of calcium from the sorcoplasmic
reticulum induced by hypotonic SOIULIONS < troresraseaiononsionnisasicascescasnrsaramnsonssnsionsi 492

A9 A
by s ERE Y vHE S A (19

| . Teacher Training {Z2WT (
Il [Eeesd & :

T (REILIERR)-
afim D E & b (HHhgk =)

i

R N2 R

HAX £ I F
J. Physiol. Soc. Japan




NRC:Donryu

Barrier System Animal(SPF)

FeYayZsyb T.D 967394
Donryu-rat T.D 995227

Donryurat ZBF L Z-HABZRKRKND T v FEPI T ) — 55—
HA 7 M3 BS(Barrier System )Donryu® % R55\ s 7= L L 7=

¥ R
O EHMWIEICN L TERSEE AT, O EFHHA 4 H TZ5%E, Skin Graft &3,

o LlE. RERF. AEES. OB, KE. HKE. NOWE M,
IECHWLNET,

— % & R B—
Barrier System Animal(SPF) Conventional Animals

NRC: Donr‘yu® Donryu® Wistar

g- Buffalo SHR

i

A = . A % E B EFTIRA 6 0 8 — 3
:H BARS v F A&t TEL (0488) 61— 6850 » 6401




CHAAEEEES (1975) 31, 411-421)
Ry — Rl B L EREEE L 6127612014423

OO ek B AE FoR OE B T

(R ERREE— AR E)

Pattern stimulation and action potential of frog skin. Tsutomu Waka-
BAYASHI, Youko SaTow and Toshiko OsuMI (Department of Physiology, Tokyo Medical
College, Tokyo, Japan)

Experiments were carried out to investigate the relationship between . the pattern of
stimulus of efferent or afferent nerve and the size of action potential of frog’s skin.
Two kinds of preparations were used : the excised nerve skin preparation and the spinal
preparation, ) i :

In the range of moderate intervals of stimuli, the size of skin action potential of the .
nerve-skin preparation became larger with the increase of number of stimuli, (i) during
a definite period of stimulation with various frequencies, or (ii) during various long
periods of stimulation with constant freq'uency. The size of potential depended not only
on number of stimuli but also on their interval. The latter property may be called’
pattern-sensitive. In some state of preparation the size of potential evoked by a constant
number of stimuli was nearly constant, being independént from stimulus frequencies,
that is, pattern insensitive. Both kinds of results were obtained in cases of the spinal
preparation.

Michaelis-Menten’s equation could be applied to describe the relation between the size
of potential and the number of stimuli, However, there was no reason to interprete this
relation with a simple concentration-effect relationship. Another hypothesis was then
tested on the supposition that the response is composed of sequentially superposed unitary
processes each of which was promptly evoked by each stimulus and decayed exponentially.
The calculated response curve reasonably fit with the observed data.

Slower processes commonly called accomodation were excluded from the present discus-
sion and only the effect of relatively short period of stimulation was examined.

(J. Physiol. Soc. Japan (1975) 37, 411-421)
key words : repetitive stimulation, interval of stimuli, number of stimuli, transmitter,
temporal pattern sensitivity, frog skin, frequency-response relation.
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Fig. 1. Scheme of experimental setup to
stimulate the nerve and to record the action
potential of the frog skin. S:skin, c:moist
chamber, e; : stimulating electrodes, err : record-
ing electrodes, Z : zinc-electrode.
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Fig. 2. Scheme of another experimental setup
to stimulate the afferent nerve of a spinal
preparation and to record the action potential of
the dorsal skin. e : stimulating electrode, err :
recording electrode, Z : zinc-electrode.
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Fig. 3. Size of action potential D (ordinate, in
arbitrary unit in all the following figures) is
plotted against number of stimuli N (abscissae)
given to the skin nerve during 0.5 sec.; Nerve-
skin preparation. t : stimulus interval in msec.
Temps. 16.2°C, Feb. 27.

N
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Fig. 4. Size of action potential D is plotted
against the logarithm of the number of stimuli
to skin nerve. Constant period of stimulation :
1sec. Nerve-skin preparation. Temps. 18.7°C,
March 2.
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Fig. 5. An example of aging. Nerve-skin

preparation. Experiments were done, a) with con-
stant stimulus interval 200 msec, then b) 100
msec, and finally, c¢) 200 msec again. Temps.
16.5°C, March 1.
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Fig. 6. Influence of stimulus interval on the
effect of stimulus number. Five stimuli in a),
ten stimuli in b) and c¢). Nerve-skin preparation.
Abscissae : interval, ordinates : response. Influence
of stimulus interval i.e. pattern sensitivity is
demonstrated. Temps. 15.5-16.0°C, March 3.
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Fig. 7a. Examples of action potentials of frog
skin evoked by (1) single, (2) double, (3) five and
(4) ten stimuli;interval of stimuli was 150 msec
throughout. Spinal preparation. Monophasic wave
in (1) (2) became complex by repetition of stimuli
in (3) and (4). Temps. 21°C, Nov. 1. Time mark :
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Fig. 7b. Examples of monophasic wave in a
spinal preparation. (1) single shock, (2) two shocks,
(3) five shocks, (4) ten shocks, interval of shocks
being always 80msec. (5) five shocks, whose
interval was 100 msec. (6) twenty shocks, whose
interval was 2sec. Incomplete summation of
action potential waves in (6). White dots show
stimuli, asterisks mark droppings of effect in
later phase. Oct. 2. Time mark : lcps.

Bbhivic. FMRIBIC OV TR R R
KOBLSLAKETHS. REMKCL->TES
EEEMOBBIERIC X > THYES 23, ()
ey & () B ickBlsh s, BiEt A
XEhid () bEBSMLTEER T L &
%. Fig. 7a OPEARFET 150 msec [iETH
RAEES ST Lk & 7o e



4o Syl & R

L Ui B+ 28AT Y, BE—flicst
LCIRBEME L 508 Thofe. Z0 (i),
(i) MEIOEAIZE & A L HRELTRDN
oo TZTR () BoEARTHLEESEMTY
—~ 7 RHEREbOREFRERETS Z LT L
7z.
IR 3 S S B TR O B E VREIC I
BHED, SE VMO ELEKE ORI HICEE
BNOE—7B3BETCLED = L idiEHEELD
LELREKTHS. FRt XDV 0AVEIC
BEROBEHSSHMEL TNELET A, %Bicik
MEET 32, MEHESFRL DL DT, D
DEAEDBOREIZD 2 K& T3 DI

—v—{v-i—rg-rnwﬁ_'s’ g 2 _ N o -
30

45

_.,U

$

7T

Fig. 8.

Stimulation of various frequencies
during constant period on a spinal preparation
of the frog. Total period was 1sec in (A), 10 sec.
in (B). t shows interval of each stimulus in msec.
Temps. 13.2°C, Feb. 24. (A) ; Temps. 19°C, Jul. 2.
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Fig. 9. Influence of stimulation intervals on
a spinal preparation. Similar experiment as that
in Fig. 6. (a) 100 msec. (open circles), (b) 200 msec
(filled circles). Respective patterns of response
are compared. Intervalsensitivity is demon-
strated. 22°C, Nov. 22.
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Fig. 10. Aging of interval-sensitivity. Similar
experiment as that in Fig. 6 was done on a
spinal preparation. Number of stimuli were 10
in all experiments, influence of interval was
marked in A) and B). After aging, it became
inconspiciuous in C). Some other sets of twenty
stimulations were intercalated between B) and
C). The preparation was immobilized in this case
by cutting its brachial and sciatic nerves on
both sides. Pattern sensitivity almost disappeared
in C) by aging.
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Fig. 11. Simultaneous recordings of skin
nerve impulses and skin potential evoked by
single afferent nerve stimulation (the upper row)
and by three stimuli of 300 msec interval (the
lower row). Time marks ; 10 cps.
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Fig. 12a. Test of linearity showing the
fitness of Michaelis-Menten'’s equation for Fig. 4.,
in which intervals larger than optimum were
adopted. Nerve-skin preparation. Period of
stimulation : 1 sec. N/D-N relation ; N is number
of stimuli, D size of action potential.

N
A %0 i 20
Fig. 13 a. Test of the fitness of Michaelis
Menten’s equation to Fig. 8, b. A spinal prepara-
tion, constant period 10 sec.
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Fig. 13b. Test of the fitness of Michaelis-
Menten's equation to Fig. 9a and b. Filled
circles for 200 msec interval of stimuli, open
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tion, constant frequency,
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Fig. 14 a. Test of the fitness of the exponen-
tial equation (8) for a nerve-skin preparation
(Fig. 4). Explanation of the conventional method
used is discribed in the text.

Fig. 14 b. Test of the fitness of the exponen-
tial equation in (8), to Fig. 9b. .
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Release of calcium from the sarcoplasmic reticulum
induced by hypotonic solutions

Makoto ENDO and S. THORENS*

Department of Pharmacology, Faculty of Medicine, University of Tokyo,

Tokyo 113, Japan

Several kinds of stimulation directly
applied to the sarcoplasmic reticulum (SR),
such as calcium ion itself®4, ‘depolariza-
tion’ of the SR membrane?, drugs like
caffeine®), alteration in pH? and so on, have
been known to cause a release of calcium.
Some of them might be playing an essential
physiological role, but since the physiolo-
gical mechanism of release of calcium is
not yet known, it is desirable at this stage
to collect as much information as possible
about the process of release of calcium.
We have found that hypotonic solutions
which cause swelling of the SR also induce
a release of calcium.

Skinned fibers from iliofibularis muscles
of African clawed toads, Xenopus laevis
were used. Experimental methods and pro-
cedures were the same as previously
reportedb)3),

As shown in Fig. 1, when a skinned fiber,
the SR of which was preloaded to a certain
level with calcium, was treated with a
solution made hypotonic by reducing the
concentration of the main salt, potassium
methanesulfonate, a release of calcium
occurred and a transient contraction ensued
(A). After the contraction, the amount of
calcium in the SR was reduced, as indicated
by a smaller response of the fiber to the
following caffeine treatment than in the
control experiment (B). Usually a reduction
of 30 mM potassium methanesulfonate was
effective to induce a release of calcium from
heavily loaded SR. With the further in-
crease in the magnitude of reduction in salt

¥EfE Z-Thorens, S* : b KRS LS
# 55 » Department of Experimental Medicine,
F. Hoffman-La Roche & Co., Ltd., Basel, Swit-
zerland*

[Received for Publication September, 22, 1975)
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Fig. 1. ~Calcium release induced by a hypo-
tonic solution. Fiber 11227, Loading condition :
108M free calcium, 5min. Hyp:a hypotonic
relaxing solution containing 1mM EGTA in
which the main salt concentration reduced from
normal, 109 mM, to 55 mM. Caf: a relaxing solu-
tion containing 2 mM EGTA and 25 mM caffeine.
For further explanation, see text.

concentration, further increased the amount
of release of calcium. Similar effect of
reducing ionic content of the medium on
the isolated sarcoplasmic reticulum was
shown by Kasai and Miyamoto®5.

It would be argued that the result of
Fig. 1 does not necessarily indicate that
hypotonicity is the cause of the release of
calcium. The release might also be due
either to reduction in potassium concentra-
tion that would induce ‘depolarization’, or
to a reduction in ionic strength. The follow-
ing experiments, however, indicate that
hypotonic condition, per se, causes a release
of calcium from the SR. A skinned fiber
with preloaded SR was first treated with a
medium of the same ionic composition but
made hypertonic by adding 320 mM glyc-
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Fig. 2.

Glycerol withdrawal release of calcium from the SR. Fiber 30302. Experimental

procedures are described in the text and also shown in the inset of the figure. Total
0.5 mM EGTA was present throughout after loading. Numbers on the filled circles in-

dicate the order of the experiments.

erol. After a certain period of time, the
hypertonic medium was replaced by the
original medium without addition of glyc-
erol. This caused no contraction if the
period of immersion in the hypertonic
medium was short, but if the duration of
the glycerol treatment was long enough,
contractile response similar to that caused
by reduction of salt concentration was
obtained upon withdrawal of glycerol. The
magnitude of the response was gradually
increased with the time course such as
shown in Fig. 2. The glycerol withdrawal
release of calcium could be interpreted as
follows. Since most probably glycerol is
slowly penetrable through the SR mem-
brane, it would exert hypertonic effect at
the beginning, but with the lapse of time
of a few minutes, it would equilibrate on
both sides across the SR membrane. After
the equilibration, the rapid withdrawal of
glycerol would then exert a hypotonic effect
that must have been the cause of the
release of calcium, since in_this type of
experiments, there was no change in ionic
strength nor in potassium concentration.
Calcium-releasing action of hypotonic
solution was not inhibited by procaine,
which specifically inhibits calcium-induced
release of calcium, but by sugars, which
inhibit ‘depolarization’ -induced release of
calcium more-or-less specifically®. Thus,

as far as the inhibitors are concerned, the
effect of hypotonicity is similar to that of
‘depolarization’ rather than that of calcium
ion. However, hypotonicity and ‘depolariza-
tion’ seem to act in an independent manner.
Firstly, swelling of the SR and hence reduc-
tion of ionic concentration in the lumen of
the SR by glycerol withdrawal would

‘hyperpolarize’ the SR rather than ‘depolar-
ize’ it

since existing anions, mainly
methanesulfonate, are probably less per-
meable than potassium in these experi-
ments. Secondly, although chloride-induced
‘depolarization’ would be accompanied by
swelling of the SR, ‘depolarization’ induced
by replacing potassium by less permeable
cation would accompany shrinkage of the
SR but still caused a release of calcium?.
The difference was further substantiated by
Kasai and Miyamoto's finding® that while
‘depolarization’ causes a release of only
calcium, hypotonicity also produces an
increase of exchange of potassium and
other ions through the membrane of the
isolated SR.

The effect of osmolarity, however, may
influence apparent response of the SR to
‘depolarization’. Since swelling of the SR
tends to cause a release of calcium and
shrinkage to inhibit it, the fact that anion
replacement was more effective than cation
replacement in inducing release of calcium?
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may be explained by the accompanying
swelling and shrinkage, respectively.
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of Swiss National Science Foundation to one of us
(S.T.), and by grants from the Iatrochemical
Foundation Tokyo, and the Muscular Dystrophy
Association of America.
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