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Ultrastructure of the skin of the toad related to its ion transport
functions II. The skin potential and the structure

Junko Okamoto (Department of Physiology, Kyoto University School of Medicine (Prof.
A. Inouye)) :

Abdominal skin of toads (Bufo vulgaris japonicus) was processed for light and electron
microscopy. Skin potential was measured by means of the membrane electrode method.

The frog skin potential had been reported almost strictly selective for Na* and Li* (K*¥,
NH,* and other cations showed very small potentials), while the membrane potential of toad
skin was found to be inversely proportional to the crystallographic ionic radius of the cation
applied to outside (epidermis side) of the skin., Cells in stratum cornewm of the toad showed
degenerative appearances because of its strong cornification, in contrast to the lesscornified
cells in the frog skin. These findings suggest that the cells of s. cornewm serve the perm-
selectivity of the cations.

The skin potential was remarkably raised by Diamox, and the toad skin is well permeable
to HCO;~ ion. It may be accepted that carbonic anhydrase plays a role in the ion transport

function of the toad skin.
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T AD-3 BIEREES CRE Lz, HR
BRI FRETRO o a— 1 Blob 0
e, HREBANEO KCl Rk L < g
L7fafn KCl ygcE&#x, RAEEM 1mV
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iRt E—EIc E¥ 30 4°C DERER
BUTREESEZbDEZOEEA vz, AR
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L 128[H) ehic - TRETH VY EEEN
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ERTTHRD I~5FIC 2 v TEHEE-
7. BERERRFTH-

Fig. 1.  The skin potential measurement with
membrane electrode. A ; air pump, B ; toad skin,
C; agar bridge, D ; DC-amplifier, E ; calomel
electrode, F ; electrode cylinder.
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Fig. 2.

Fig. 3.

A

DA S Wik & B

Light micrograph of the toad skin. x200.

Enlarged light micrograph of the toad skin. x 800.
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Fig. 4. Electron micrograph of the s. cornewm in the toad epidermis. x21,000.
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Fig. 5. Electron micrograph of the outermost surface of the toad epidermis (s. corneum).

> 100,000.
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Fig. 6. Collagen fibrils in the toad corium, showing typical cross striation. x 100,000,
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Fig. 7. The membrane potentials of the toad

skin, as a function of the concentration of cations,
counter anion being Cl™.

Fig. 8. Relation between the skin potentials of
toad, frog and newt and the crystallographical ion-
ic radius.

Fig. 9.  The membrane potentials of the toad
skin, as a function of the concentration of anions,
counter cation being K.
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A neurophysiological study of taste effectiveness of tannic acidA
solution in the rat

Yojiro Kawamura » Masaya Funalkoshi « Yasuo Kasahara and Takashi Yamamoto
(Department of Oral Physiology, Dental School, Osaka University)

Taste effectiveness of tannic acid solution was studied in rats, and responses of the chorda
tympani and lingual nerves to this solution on the tongue were analysed. The results obtained
are as follows.

Application of tannic acid solution to the tongue surface depressed integrated responses of
the whole chorda tympani to the succesively applied other taste solutions. This depressive
effect of tannic acid solution on responses of the chorda tympani was different in each quality
of the taste stimuli, and also this tannic acid effect was slightly diminished by additional
application of methionine solution.

Tannic acid solution applied to the tongue surface induced obvious discharges in the broad
sensitivity fibers in the chorda tympani, and previous application of tannic acid solution
depressed responses of these fibers to four basic taste solutions. The narrow sensitivity fibers,
however, did not respond at all to tannic acid soltuion, and their responses to a taste solution

were not affected by tannic acid solution.

Tannic acid solution did not display any responses to the lingual nerve.

REYAIR & B 2 7B, BRI RS
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(J. Physiol. Soc. Japan (1968) 30, 865-872)
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Fig. 1. Daily intake of water and tannic acid solu-
tion. Rats rejected to drink tannic acid solution at the
concentration of 1 % and more.

Flg 9. Adsorptive capacity of tannic acid solution
to the tongue surface. A : Before application. B : After

application of 5 % tannic acid solution for 30 sec., the
tongue was rinsed out with water for 30 sec., and stained
by FeySO,); solution.
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Fig. 3. Effect of repetitive application of tannic acid
solution on the integrated response of the whole chorda
tympani. 1 : Response to 20% tannic acid solution (first
trial). 2 : Second trial after rinse out of tannic acid of
the first trial with water for 30 sec. 3 : Third trial after
rinse out of tannic acid of the second trial with water
for 30sec. The interval between each trials was 2 min.
Arrow indicates the onset of application of the test solu-

tion. Time in sec.
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Effects of tannic acid on integrated response of
the chorda tympani to four basic taste solutions, and in-
fluence of methionine. A : Integrated responses of the chorda
tympani to four basic taste solutions. B : Depressive effect
of 209 tannic acid solution to integrated responses of the
chorda tympani to four basic taste solutions. C : Depressive
taste effect of tannic acid were deprived slightly by 2 %

Effect of methionine on the response of the
chorda tympani to tannic acid solution. A : Integrated
response to 1024 tannic acid solution. B : Integrated re-
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Fig. 8. Effect of tannic acid on taste responses

of a narrow sensitivity fiber in the chorda tympani.
This is a record from the nerve fiber which was
specifically sensitive to acid solution. Tannic acid
did not induce any responses to the fiber (A), and
the response to 3 % tartaric acid solution was not
affected by previously applied 5 % tannic acid solu-
tion to the tongue (B).
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Fig. 7.

Histograms summarizing frequency of responses to four basic and tannic acid

solutions in ten different single fibers in the chorda tympani of rats. Upper is responses of
a narrow sensitivity fiber, and the fiber did not respond to 5 % tannic acid solution. Lower
is responses of a broad sensitivity fiber which responded to 5 % tannic acid solution. N : 3 %
Sodium chloride, Tr : 3 % Tartaric acid, S : 30% Sucrose, Q : 2 % Quinine hydrochloride, Tn:

5 % Tannic acid.
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Fig. 9. Depressive effect of tannic acid on re-

sponse of a broad sensitivity fiber in the chorda
tympani. A broad sensitivity fiber which responded
to all of four basic taste solutions also responded
to tannic acid solution (A). Preceeding application
of 5 % tannic acid to the tongue strongly inflenced
to the response of this nerve, and the responses to
four basic taste solutions were markedly depressed
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Fig. 10. Effect of 20% tannic acid solution on

responses of the lingual nerve. A :No detectable
response was recognized in the integrated response
of the lingual nerve to tannic acid solution applied
to the tongue surface. B : Response of a single
pressure fiber in the lingual nerve was not affected

. by previously applied tannic acid solution. C: Tannic

acid solution did not affect to the response of a
single cold fiber in the lingual nerve.
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Effect of testosterone on renal transport ATPase
of the mouse

Yoshitoshi Akikusa and Kiyoshi Yamamoto *

Department of Physiology, Institute of Endocrinology Gunma University,

Maebashi

It is generally accepted that transport ATPase
(tATPase) :of the cell membrane, which is
activated by sodium and potassium ions, is
present in many mammalian tissues and mediates
the active transport of certain inorganic ions
and also organic substances including amino
acids. In the kidney, tATPase plays a role in
amino acid transport, since the transport is
dependent upon the concentrations of sodium
and potassium ions and sensitive to ouabainl).
On theother hand, it is well known that an-
drogens and anabolic steroids have a renotropic
action. This action might have a certain direct
relation with the active transport of amino
acids into the kidney?34, and, therefore, with
the renal tATPase.

It has been observed in our laboratory that
accumulation of thyroxine (T,) in the kidney is
dependent on the sex®®. In the male mouse,
the accumulation is much larger than in the
female. Orchiectomy decreases and injection of
testosterone ‘or anabolic steroids recovers the
T, accumulation56)7).

It was also found that an anabolic steroid,
19-nortestosterone, is effective in vit70%). These
facts led the authors to investigate the effect
of testosterone on renal tATPase of the mouse,
aiming to make clear the mechanism of stimula-
tion of renal accumulation of T, by this hor-
mone.

Materials : Adult mice of DD strain weighing
20 to 25g were kept on Oriental pellets and
tap water ad libitum in a constant temperature
room at 24 +2°C. Castration, when needed, was
carried out 2 weeks before use. Testosterone
was administered subcutaneously by a single
injection of a depot form (Enarmon depot,
Teikokuzoki Co.) 2 weeks before use. When
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added in vitro, a solution of testosterone pro-
pionate was used. Immediately after decapita-
tion, renal area was thoroughly perfused with
0.25 M sucrose, and then the renal cortex was
taken and homogenized with water. The pro-
cedures used for isolation of the cell membrane
and for the measurement of tATPase activity
of the preparation were the same as was repor-
ted by Takagi®.

Results : Mouse kidney tATPase had the
following properties : The enzyme was activated
in the presence of sodium and potassium ions,
the optimum combination being 40 mM potas-
sium and 80mM sodium. The enzyme was
sensitive to ouabain, the half-maximal inhibition
being found at a concentration of around 10-%
M of ouabain.

The enzyme activity of the male kidney
which was higher than that of the female
decreased 2 weeks after castration to the level
of that of the female and restored 2 weeks
after single injection of testosterone propionate
(2 mig/100 g body weight). From many measure-
ments, the enzyme activity was approximately
650 in the male and 350 in the female.on the
average, when the activity was exprssed in
terms of my moles of liberated inorganic
phosphate per mg protein per min.

Fig. 1 indicates the effect of testosterone
added in vitro. Testosterone (10~* M) activated
renal tATPase obtained from the intact male,
castrated male or intact female. In this experi-
ment, the percent activation was 16in the
normal male, 30 in the castrated male and 66
in the intact female.

In vitro addition of testosterone stimulated
the tATPase which increased with the increased
concentration of testosterone. With a cell mem-
brane preparation from the castrated mouse,
the activation was 21% at 1077 M, 359, at
10°M and 589 at 1073 M of testosterone.

Steroid compounds, such as gholesterol, corti-
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costerone, or estradiol-17 3, were all ineffective
‘on the enzyme activity in vifro. The non-
specific ATPase activity measured in the absence
of sodium and potassium was not notably
affected by in vitro: addition of either testo-
sterone or other steroids.

Discussion : The present study clealy demon-
strated that testosterone activates cell membrane
tATPase of mouse kidney. The physiological
significance of this fact may be inferred ten-
tatively as follows : The activation of tATPase
may cause increased transport of amino acids,
which may induce stimulated synthesis of pro-
tein in the kidney, thus renotropic action of
testosterone may develop.

Renal retention of T,, an iodinated amino
acid, was proved to be stimulated by testosterone
or other anabolic steroids both iz vivo and in
2itro»®OD®), This stimulation was found to be
due to increased content of intracelluar tyroxine-

binding protein (TBP). The increased synthesis -

of this protein may be resulted from enhanced
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Fig. 1. In vitro activation by testosterone (Test.)

of renal transport ATPase of intact male, castrated
male and intact female mice.

transport of amino acids caused by activated
tATPase. The present experiment adds another
mechanism, i. e., the activation of renal tATP-
ase may also cause a direct increase of T,
transport into the kidney. This assumption is
strengthened by the finding that ouabain (107*
M), which depresses renal tATPase activity,
decreased renal T, retention!®.

T, is accumulated on]y at a restricted part
of the kidney. As was reported before®,
radioautography revealed that T, is mainly
accumulated around the proximal convoluted
tubules®), showing that T, is reabsorbed here.
Therefore, it should be assumed that testo-
sterone activated tATPase contained in cells of
the proximal tubules and accelerates T, reabsorp-
tion, resulting increased binding of T, with
intracellular TBP of mouse kidney.
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Endogenous lipoprotein lipase activity
in the plasma of the Ainu

Shinji Itoh and Kiyoshi Moriya

Department of Physiology, Hokkardo University School of Medicine, Sappom

Endogenous lipemia clearing factor was found
by EngelbergD? in human plasma and regarded
as identical with postheparin clearing factor
which had been differentiated from other blood
lipases or esterases. It was also demonstrated
that the clearing factor of postheparin plasma
was identical with lipoprotein lipase obtained
from certain tissues of animals and the enzyme
was proved to catalyze the hydrolysis of the
neutral fat of chylomicrons®95). Engelberg per-
formed a series of studies on the enzyme acti-
vity in human plasma and found a significant
inverse relationship between plasma lipoprotein
lipase activity and low density lipoproteins® and
suggested that triglyceride hydrolysis might
occur in the circulating blood”. Administration
of fat caused an increase in plasma lipolytic
activity®® which was accompanied by elevated
levels of endogenous heparin content in the
plasmal®. According to this authorlD), the enzy-
me activity was found in the plasma in 75 per
cent of normal subjects without prior injection
of heparin. Although arguments were advanced
by others!213)140n the physiological significance
of the plasma lipoprotein lipase activity, Engel-
berg claimed that the enzyme activity was po-
tent enough to induce the lipolysis of alimentary
fat in the circulating blood. Since we have
found peculiar characteristics of fat metabolism
in the Ainu!®, it might be of considerable in-
terest to examine the plasma lipoprotein lipase
activity in this ethnic group who are particul-
arly fond of fat diet, in comparison with the
Japanese.

Seven groups, totaling 100 male subjects,
were used for this study. They were students
in Sapporo, policemen in Asahikawa, fishermen
and fish factory workers in Monbetsu, farmers
in Niikappu, and Ainu in Asahikawa and Nii-
kappu. These Ainu were mostly hybrids, but
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not pure. Among the places listed above, Asa-
hikawa is the coldest, followed by Monbetsu,
and Sapporo and Niikappu are not so cold in
the winter. Monthly mean temperatures at these
places were already reported!®),

The study was made during the winter from
January to the beginning of March. In the
morning before breakfast blood samples were
drawn from the antecubital vein, employing
oxalate as anticoagulant. Blood specimens were
centrifuged promptly and plasma was kept fro-
zen until use. One-half ml of the plasma was
incubated with 0.1 ml of 5 per cent olive oil
emulsion at 37°C for 2 hours. FFA concentra-
tions of the plasma-substrate mixture were
determined before and after the incubation. From
the difference of FFA concentrations the enzy-
me activity was calculated and expressed in
terms of pEq FFA released per ml plasma per
hour. For the determination of FFA the colori-
metric method of Itaya and Ui was usedl?.

As summarized in Table 1, significantly hig-
her lipoprotein lipase activity was found in the
plasma of the Ainu, in comparison with that
of the Japanese (P<0.05). Moreover, in the
Ainu the lipase activity was demonstrable in 25
out of 31 subjects (80.3%), while in the Japa-
nese the percentage of positive cases was 50.7
%. In Niikappu, although average values of
plasma lipase activity were the same in the
Ainu and Japanese, the percentage of detect-
able cases was much greater in the Ainu (80.0
%) than in the Japanese (53.8 %). In this
connection, ethnic characteristics of the Ainu
might be assumed, since Niikappu Ainu have
completely adopted Japanese habits and their
food is not different from that of the Japanese
in the same districts!®. On the other hand, a
striking contrast was observed between Ainu
and Japanese in Asahikawa. The former group
showed the highest plasma lipase activity am-
ong the groups studied, while the latter the
lowest activity and the lowest percentage of
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Table 1.  Plasma lipoprotein lipase activity
: k No. of Lipase activity
No. of .
Group ; negative  (#Eq/ml/hr)
subjects cases Mean=+S. E.
| Students (Sapporo) 21 8 0.042+0.008
I Policemen (Asahikawa) 14 10 0.016+0.007
l  Fishermen (Monbetsu) 13 8 0.022+0.010
Iy Fish factory workers (Monbetsu) 8 2 0.049+0.013
V Farmers (Nitkappu) 13 6 0.049:+-0.014
Total 69 34 0.035-+0.005
VI Ainu (Asahikawa) 16 3 0.071£0.014
VI Ainu (Niikappu) 15 3 0.050+0.016
Total 31 6 0.061-+0.010

positive subjects (28.6%). The high plasma lip-
ase activity in the Asahikawa Ainu might be
related to the fact that they are particularly
fond of fat diet!®. Tt is also of interest that
fish factory workers in Monbetsu who work
sometimes in fish storehouse at temperatures
below —30°C showed considerably high percent-
age (75.09) of positive subjects.

Although physiological significance of the
plasma lipoprotein lipase activity is not fully
recognized, it is likely that the plasma lipase
activity is in some way concerned with cold
adaptation, since fat metabolism is known to be
stimulated on both acute and chronic exposure
to cold. It is also suggested that the Ainu pos-
sesses special characteristics in the fat metabo-
lism.

This study was supported by a grant from -

the Japan Society for the Promotion of Science
(M-8).
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Configuration of action potential of the bulifrog ventricle
driven at various stimulus intervals for extended period

Takehiko Saito and Ichiro Tanaka *

Department of Physiology, Tokyo Women's Medical College, Shinjuku-ru,

Tokyo, Japan

In the previous paper? we have demon-
strated that the amplitude and the maximum rate
of rise of the bullfrog atrial action potential are
increased with the prolongation of the stimulus
interval within a few minutes, but the total
duration is the maximum at the stimulus in-
terval of about 5 sec and is decreased at shorter
or longer interval. On the other hand, Nieder-
gerke and OrkandD) have reported that the
amplitude is increased but the duration shows
usually little changes in the frog ventricular
action potential in normal Ringer’s solution on
application of a single test stimulus at various
moments after the interruption of repetitive
stimulation. The present experiments were
undertaken to clarify the effect of extended
stimulus interval on the configuration of action
potential in the frog ventricle. And the results
were compared with those observed in the
other cardiac tissues29),

Preparation used in this experiment was a
strip of bullfrog ventricular muscle without
spontaneous excitation and it was immersed in
oxygenated Ringer's solution with 1 mM Ca**
kept at 20°C. Transmembrane action potentials
were recorded with 3 M KCl-filled intracellular
microelectrode suspended by a fine silver wire.
The rate of rise of action potential was dis-
played simultaneously by electrical differentia-
tion of the action potential on a dual-beam
oscilloscope. A train of stimulating pulses (30
shock/min) was applied for several minutes
through a co-axial electrode. After the stimula-
tion was stopped, a single test stimulus was
applied at various periods.

A family of records obtained from a single
cell is shown in Fig. 1 A. Upper and lower
traces of each record show the total time course
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of the action potential and its differentiated
curve respectively. Number below each record
indicates interval in minutes between the last
pulse of the repetitive stimulation and test
pulse. Number 0 indicates the last action poten-
tial of the repetitive excitation. Some para-
meters on configuration of the action potential
plotted against the stimulus interval are shown
in Fig. 1 B. As seen in the figure, the maximum
rate of rise and the amplitude become higher
and the duration is also prolonged progressively
with the increase in the interval. The present

- l‘ —_){ s L ilOO\‘I“QIc ~ L‘Imé
~—20msec—
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Fig. 1. A : Changes in the action potentials of

the bullfrog ventricle at various stimulus intervals
(upper traces) and differentiated curves of their
depolarization curves at a faster sweep (lower traces).
The number below each record indicates interval
in min between the last pulse of the repetitive
stimulation (30 shock/min) and test pulse. Number
0 indicates the last action potential of the repetitive
excitation. Horizontal line on this record shows the
zero in the membrane potential. B : Parameters of
the action potential in relation to the stimulus in-
terval. Each plot was obtained from the records
shown in 1 A. O-amplitude, @-duration at 10%
magnitude from the resting potential, A-maximum
rate of rise in V/sec, Abscissa ; time in min between
the last pulse of the repetitive stimulation and the
test pulse.
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results about the rate of rise and the amplitude
are approximately in agreement with those of
the frog atrium?. On the contrary, the changes
in the duration do not conform to the result
described for atrium, in which the duration
was shortened with the increase in the interval.
The change in total duration is characterized
by marked prolongation of plateau phase, while
the following repolarization phase is relatively
fixed. '
In the frog ventricle, Niedergerke and Or-
kand) have shown that at normal Ringer’s
solution with 1 mM Ca** the stimulus interval
has usually little effect on the duration, but in
3mM Ca**-fluid it is frequently prolonged to
a certain extent after cessation of stimulation.
From the effects of stimulus interval and Ca** con-
centration on the magnitude of overshoot poten-
tial, they have also suggested that the plateau
phase is related to inward movement of calcium
ions, which are progressively accumulated in
some cellular store and released during the
resting period. Although this calcium movement
is very attractive to explin our observation
about the change in ampilitude and duration,
the manners of change in these parameters

. vary remarkably in different fiber types. For

instance the rabbit atrial action potential at
longer interval is characterized by a shortening
of the plateau and a decrease in amplitude.
However, the maximum rate of rise is increased
in the rabbit atrium as well as in frog atrium
and ventricle®.

The changes in the configuration of the
action potential at various stimulus intervals
might be accompanied by complicated changes
in permeability to not only Ca** but also some
other cations®.
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S. Gelfan % - a most interesting and
provocative monograph on chemical physiology
of excitation in muscle and nerve:----- ” L EEE
LTZEORBEERD LS ZH/AL TS,
According to Takashi Hayashi’s interesting
and new hypothesis of excitation in muscle
and nerve, to which he was led through studies
of spontaneous activity of Ca-deficient skeletal
muscle, such spontaneous contractions are due
to uncontrolled dissociation of two substances in
muscle, excitine and inhibitine. The hypothesis

may be summarized by the expression ;

Excitine » Inhibitine = Excitine-Inhibitine
(Rest) (Excitation)

Ca lack interferes with the normal recombina-
tion of the two agents. From muscle extractions
Hayashi eventually indentified the initially hy-
potheticaly substances as carnosine (p-alanyl-1-
histidine) and carnitine (betaine of y-amino-3-
hydroxybutyric acid), respectively, constituents
of muscle which have been known since the
beginning of this century, although no specific
function had hitherto been ascribed to them.
Since external application or intracellular in-
jection of carnosine or carnitine, and combina-
tion of the two, yielded the theoretically ex-
pected reactions, the hypothesis, as well as the
experimental data, merits attention.
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