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Giga-seal BB |EHORELE—LHBRAOKR

MNERER-BILER -FRBER- AR &
(R e 1 3236 RV BIF SR i A BB EPT, A AR FRERBTIER)

Giga-seal suction electrode and its application to single cardiac myo-
cytes. Masahiro OHARA, Masaki KaAMEYAMA, Akinori NoMA and Hiroshi IRI-
SAWA (Department of Biological Control System, National Institute for Physiological Sciences)
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Glass pipette puller (A) and the power-supply circuit in the outside control

box (B). In the first step the capillary is thinned untill the lower edge of the pulling
arm reaches the acryl stand (height 1). The capillary is lifted up by 6 mm (height 2),
for the second pull. Current supply for heater is 14~15 A for the first pull (from the
main control box) and 11~11.5A for the second pull (from the outside control box).
The latter can be controlled finely to produce similar tip diameter of capillaries.

Magnet is not used in both steps.
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Fig. 2. Heat-polish (A) and top-filling appara-
tus (B) A : The pipette tip is placed 5~20 gm
from platinum heater using a microscope and
heat-polished in the presence of air jet for 1~
10 sec. B : Electrode was dipped into the elec-
trode solution for several min to fill the solu-
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Fig. 3.  Scanning electron micrographs

diameter (um)
of the capillary tips before (A) and after (B

and C) heat polishing. The electrodes were set oblique (upper) or vertical (lower) on
the objective plane. The tip in (B) was heat-polished for a longer time than that in (C).
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DEB R BOBEIC T\ C b PR BRI D, B X R SRS 4~8MQ oI %
CIRERIAIT 5 2 w2 X 5. Bl o8 X FommoWNE, METED RO 0.7~1.3pm,

Fig. 4.  Relationship between tip diameter and resistance (R) of the electrodes. Inside
(B, D:) and outside (B, Do) diameters were measured in the electron micrographs,
The continuous lines are drawn according to R (MQ)=5.53xD;~#%(um) and R(MQ) =
17.8 % Dot um), respectively.

100um

Fig. 5. Intra-electrode perfusion technique. A : Schematic drawing of the perfusion
device. Main part of the device is made of a commercially available 3 way tube connector
(miniature joint T-type, 2¢, Sanko Plastic Co). B : Photomicrograph of the suction
pipette. The polyethylene perfusion tube of 50 pm o. d. is placed within 200 pm from
the pipette tip.
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Fig. 6.  Circuit diagram of the patch-clamp amplifier. Relays (Ry1, 1/, 2 and 3) are

set to patch-clamp mode, The alternative connection of relays provides the current-
clamp mode for intracellular recording.
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Patch clamp mode
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Current clamp mode
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x10 D
Ag An
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Simplified circuit diagram of the patch-clamp amplifier for patch-clamp mode

(A) and current-clamp mode (B). Operational amplifiers A;-A;; correspond to those in

Fig. 6.
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Circuit diagram of the whole-cell clamp amplifier. Feedback resister of the

head stage is changed with 100 MQ and the series-resistance compensation circuit is
incorporated. A small amount of capacity in parallel with 100 M Q resister provides a

stable voltage-clamp condition,
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channel in a cell-attached patch of the rabbit ventricular cell. Pipette solution was
150 mM KCl and 5mM HEPES. Numerals indicate the deviation of the membrane-
patch potentials from the resting potential(==—80mV). The slope conductance was 50pS
(Kameyama et. al.?’). B : Acetylcholine activated K channel in the atrial cell. Perfusion
of ACh (10"M) in the pipette increased the probability of channel opening (Soejima
and Noma?"). Cells were bathed in normal Tyrode for A and B.
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Fig. 10,  Single—channel recording and subsequent intracellular recording in the
ventricular cell, A : Superimposed current traces of the inward rectifier channel:
B : Evoked action potentials after the break of membrane-patch(Kurachi and Kameyama,
unpublished). The inset schematically illustrates conditions of the membrane patch.
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Fig. 11, Whole-cell clamp in the single sino-atrial node cell. Ca inward current was
activated by depolarizing pulses of 20 to 50 mV from the holding potential of —40 mV
(Nakayama et. al.'®).
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Seasonal variation of forearm blood flow at rest and
during submaximal exercise

Yoshifumi YASUDA and Miharu MIYAMURA*

Research Center of Physical fitness, Sports and Health, Toyohashi University
of Technology Toyohashi, 440 Japan. and Research Center of Health, Physical
fitness and Sports, Nagoya University, Nagoya, 464 Japan*.

Heat tolerance has been estimated by the change in various physiological parameters
such as heart rate, body temperature and sweat rate in a hot environment with and
without physical exercise (INOUYE et al., 1980). Many have reported that heat tolerance
is increased not only by physical training (KOBAYASHI et al., 1980), short term artificial
heat acclimation (PIWONKA and ROBINSON, 1967 ; AVELLINI et al., 1980) and natural
heat acclimatization (HELLON et al., 1956 ; HORI et al., 1976), but also by acclimatization
to warm-hot seasons (NAGATA and ASAYAMA, 1975 ; SHAPIRO et al., 1981). Physiological
responses for heat dissipation are sweating and vasodilation of the skin. Increased skin blood
flow carries much heat from core to shell, and makes it easy to dissipate the heat to the
environment by convection. There is, however, no available data concerning the seasonal
variation in the peripheral circulation during rest and exercise in a hot environment.
The principal aim of this study was to examine the seasonal variations of forearm blood
flow in response to heat stress during exercise. '

Six healthy male subjects, who were living in Toyohashi city for at least a year,
participated as subjects in this study. They reported to the laboratory at the end of the
spring (May), summer (September), autumn (December) and winter (February) from 1981 to
1982. The experiment was carried out in a climatic chamber controlled at 30°C dry bulb,
70% relative humidity, and 0.5~0.7m/sec wind velocity. The subjects wore only shorts in
the climatic chamber. After 30min rest on a chair, the subjects exercised on a bicycle
ergometer (Monark) at an absolute work load of 1.0kp X 60rpm (360kpm) for 30 min. Heart
rate, rectal temperature, oxygen uptake, sweat rate and forearm blood flow were measured
at rest and during exercise : rectal temperature was measured at 5min intervals from the
onset of the exercise using a thermistor. Sweat rate was calculated from body weight loss.
In order to determine evaporative and nonevaporative water loss, the body weight was
measured before and immediately after exercise with and without wipping off the sweat
from the skin. Oxygen uptake and forearm blood flow were determined by the Douglas
bag method and venous occlusion plethysmography (WHITNEY, 1953), respectively. In order
to determine forearm blood flow, the left arm was held at the shoulder level by a sling
suspended from the ceiling 30 sec before each measurement.

Heart rate ranged from 82 to 86 beats/min at rest, and from 134 to 136 beats/min at

REFN, EAEE D BB AY, RERELY &~ « FHEXE, BERBGFERZE v 2 %
(Received for publication September 2, 1982)

~



641

Table 1, Mean (4 SD) evaporative, nonevaporative and
total water loss during 30 min exercise.

Spring Summer Autumn Winter
Evaporative — 189.3 155.5 167.3
water loss (—) ( 11.3) ( 21.3) ( 16.6)
Nonevaporative —_— 24.0 22.3 14.0
water loss (—): ( 14.9) ( 12.6) ( 5.0)
Total 198.2 2133 1778 181.3
water loss ( 45.0) ( 25.5) ( 30.8) ( 15.2)

* Spring data in evaporative and nonevaporative water loss was not
measured.
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Fig. 1.  Relationship between forearm blood flow and rectal
temperature in the spring (circles), summer (triangles), autumn
(squares) and winter (crosses).

the end of exercise. Oxygen uptake ranged from 247 to 268 ml/min at reat, and from 1031
to 1066 ml/min during exercise (these values corresponded to 30~359% of their maximal
oxygen uptake). There were no statistical seasonal differences in heart rate and oxygen
uptake at rest and during exercise. Resting rectal temperatures in the spring, the summer,
the autumn and the winter were 37.7, 37.5, 37.4 and 37.6, respectively, and the increase
of rectal temperature after 30min exercise was the same at an average of 0.4°C. No
seasonal variation in rectal temperature was found at rest or after 30 min exercise.
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Evaporative and total water loss were significantly (p<{0.05) greater in the summer
than in the autumn and the winter. There were no significant seasonal differences in
nonevaporative water loss, although evaporative and nonevaporative water loss was not
measured in the spring (Table 1). Forearm blood flow during exercise was greater in the
spring and summer than during the autumn and winter, and the differences between
those in the summer and the winter at any given rectal temperature during exercise were
statistically significant (p<{0.05). Fig. 1 shows the relationship between forearm blood flow
and rectal temperature for each season. ,

Heart rate and rectal temperature decreased and sweat rate increased to a greater
extent in the summer as compared with those in the winter under the same heat stress
(WILLIAMS et al.,, 1967 ; NAGATA and ASAYAMA, 1975). Our results agreed with those
of the above reports concerning sweat rate, but not with heart rate and rectal tempera-
ture. The reason for this discrepancy in heart rate and rectal temperature cannot be
explained at this moment. Although seasonal differences were not found for rectal tempe-
rature and heart rate, in comparison with the winter, a small reduction was observed in
the summer. Therefore, the above discrepancy may be concerned with the intensity and
the duration of exercise or the environmental condition. _

Nadel et al. (1974) and Roberts et al. (1977) reported that the change in skin blood
flow and sweat rate were closely related to that of the core temperature, and the thresh-
old temperature for sweating and vasodilation shifted to a lower core temperature after a
short term heat acclimation. However, the effect of seasonal acclimatization concerning the
relationship between core temperature and forearm blood flow or sweat rate during exercise
has not yet been reported.

As shown in Fig. 1, a linear relationship was also found in this experiment between
rectal temperature and forearm blood flow during exercise in each season except for the
autumn, and the forearm blood flow at a certain level of rectal temperature was highest
in the summer and lowest in the winter. The intercept and the slope of the regression
line indicating the relationship between forearm blood flow and rectal temperature seemed
to be changed by seasonal acclimatization in this experiment, although Roberts et al.
(1977) reported that the slope of the regression line between core temperature and forearm
blood flow was not changed by short term heat acclimation. Since Shapiro et al. (1981)
had pointed out that essential differences in physiological responses between short term
heat acclimation and seasonal acclimatization were found. The discrepancy between this
experiment and that of Roberts et al. may be concerned with these differences. However,
the machanism underlying the change in the slope or the intercept (threshold) of the
regression line between core temperature and skin blood flow has not been clarified
(GISOLFI, 1983). Gisolfi also suggested that the control of the skin blood flow was complex,
because it was influenced not only by temperature regulation but also by cardiovascular
demand. Therefore, more investigation is required to resolve this problem.

"\
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