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Comparison of losses of water and electrolytes through sweating
with those of urinary excretion and changes in blood constituents
during sweating Seiki Horr and Toshio YAMADA (Department of Physiology, Hyogo
Medicine College of Nishinomiya, Japan®sFaculty of Industrial Arts, Kyoto Technical Unwersity,
Kyoto, Japan**)

Lesses of water and electrolyte through sweating and urinary excretion during swea-
ting were estimated on 15 young male Japanese in summer and blood constituents before
sweating were compared with those after sweating. Sweating was induced by immersion
of both legs just below the knees in a stirring water bath of 42°C in a climatic cham-
ber maintained at 30°C with 50% relative humidity for 90 min. Local sweat samples from
the chest and back were collected by the filter paper method.

The mean values of body weight loss and urinary volume were 461 g and 49ml re-
spectively. The mean values of electrolytes concentration in local sweat were 38.5 mEq/L
for Na, 4.68 mEq/L for K and 35.8 mEq/L for Cl. The mean values of Na, K and Cl
concentrations in urine were 168 mEq/L, 90 mEq/L and 188 mEq/L respectively. Per-
centage of water loss through sweating was 90% of total water loss, while percentages
of Na, K, CI losses through sweating were 68%, 36% and 63% respectively.

It follows that it is difficult to compensate water loss through sweating by the decrease
in urinary excretion. The kidneys, however, are able to compensate salt loss through
sweating to a certain extent and K loss through sweating more easily. Blood volume
and blood constituents were kept essentially constant during sweating. It may be con-
cluded that changes in blood volume and electrolytes concentration in blood during
sweating were prevented by homeostatistic mechanism.

{J. Physiol. Soc. Japan (1974) 36, 463-468)
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Table 1. Characteristics of subjects, initial
rectal temperature and initial heart rate

-
Ame | retent wz;g;’m P.S.A. T P
(yr) (cm) (Ket) (m?) (c°) | (beat/L)

mean 19.7 167.1 61,45 1.7 37.12 72.8

a 0.8 3.3 4.80 0.08 0.13 6.5

o : standard deviation ; B. S. A.: body surface
area ; T : initial rectal temperature ; P : initial
heart rate.

Table 2. Increase in rectal temperature, in-
crease in heart rate, body weight loss during
heat exposure and electrolyte concentrations in
local sweat

welpht |weipht loss
o &» loss B.S.A, *ra K *a
@) | CE e/t | (/L) | (ora/m) | (/)

mean 0.443 | 143 0.461 271.8 38.5 h.68 35.8

g 0.105 4.6 0.089 56.0 13.7 0.32 13.0

¢ : standard deviation ; 4T : increase in rectal
temperature during heat exposure; 4P :increase
in heart rate during heat exposure ; B. S. A.:
body surface area ; * : mean value of mean ele-
ctrolyte concentration in chest sweat and that in
back sweat.

HEORXEER L.

HEFT A2 METHROERRD EAE, Lk
DN, FEBROR, AREREY Y OFER
L&, RFTOFO Na, K, Cl @E OEHE L 2
HERERR2ICRLTH S, EBREOLAED
YHfE 0.44°C, REIHAD B OFEHER 0.46kg
Thole. D Na, K, ClIBEORSEIZZL
#h 38.5mEq/L, 4.7mEq/L, 358 mEq/L T
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Table 3. Changes in blood constituents and
physical characteristics of blood during heat
exposure

5.6 S.6.  |osmolarid

ho o ta K a1 plucose
B il ;{az,fa b plasma|in plasma |in plasral in plasra
(€3] (g/m) | (p/m1) |(m-OsmvL)| (mEa/L) | (mEo/L) [(aFa/L)  fme/dl)

43.9 | 1.0579 [2.0278 | 282.3 141, 4,14 100.5 ob.4
1.7 |%0.0015 [*0.0012 5.2 .o 4.8

1.3
Before 1205 | +0.17

49.3ml ¢ 29ml/m? Tk -7. BBEBEDEY
vt 869 mésm/L, Na, K, Cl oF¥fEixzh
#h 168 mEq/L, 90 mEq/L, 188 mEq/L <t
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T3z L2 5.
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DHENRFRSIRLTHB. FOKSFERD
WROMELE & o TH DB EFRI0%ERL, R
DENEVIFB D it Na, Cl oKL
FRZENEN68%, 63% TRL VAR D EL I
>Tv3. KOEEABOLBRIETFICIRDFHE
64%% EH TV 3.

Table 5. Comparison of water and electrolyte
losses through sweating with those of urine

” 41,3 | 2.0582 | 1.0284 | 283.9 12,1
After £1.9 [20.0018 [:0.0015 | 25.B 2.1 | 0.3

21 104.7 92.4
*3.7 si.7

water . ¥ ¥ c1

mb 4 m kS - 7 il %

Mean values are given with standard deviations :
Ht : hematocrit value ; S. G. : specific gravity.

Table 4. Volume of the urine, osmolality and
electrolyte concentrations of urine excreted dur-
ing heat exposure

volume | Osmo-
volume B.5.A. tarity Na K CL

(m1) (ml/m2) |.(m:Osm/L] (mEq/L) | (mEq/L) | (mPq/L)

mean %9.3 29.0 869.3 167.9 90.0 188.1

o 16.1 9.5 bo.7 13.7 18.7 14,3

o : standard deviation ; B. S. A. : body surface
area.
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VHEIML T3, LR LEOEZTRLDT
PTH-THETREP T, BFICEDPKRE
ORSEFZ S 2 b b FHEOMIROZE(L
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LoThbTrTdsd o &35,

R, ROBBEE, Na, K, Cl BEOLHE
VIEBRREENELITLTH S, OGHEORE
BIOEEREREY ) ORBIEBETLRLH

ves | M| e | e | e

9 2.19 3B .
24,3 *8.1 10,6 +0.18 *11.1 1.7 212,3 g

Urine g 0.1 8.2 32. 4,36 9.2
216 24,3 *2.5 £10.6 2152 | #1101 *2.9

.6
.3

Bu

Mean values are given with standard deviations.
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Some observations in the extremely stretched
skinned muscle fibres

Yoshiki UMAZUME *

Department of Physiology, The Jikei University School of

Medicine, Tokyo 105, Japan

In previous papers®4), it has been repor-
ted that the repetitive arrangement of A-
and I-bands along the muscle fibre is main-
tained even when the overlap between thick
and thin filaments disappear on extreme
stretching. The elasticity of these fibres
may be attributed to the internal membrane
system which works as an elastic component
in parallel with contractile filaments. In the
present experiment, the optical diffraction
pattern in relation to the contractility and
shape of nuclei in extremely stretched
skinned muscle fibres were observed.

Materials and methods : The skinned fibre
was prepared according to the method des-
cribed by Natori®. A single muscle fibre
dissected from sartorius or semitendinous
muscle of the frog, Rana catesbeiana, was
laid on a glass plate and covered quickly
with liquid paraffin. The sarcolemma was
peeled away with a small eye-knife. After
the removal of sarcolemma, the fibre was
stretched. The skinned fibre could be stret-
ched without tearing off up to a sarcomere
length of 8 # or more. The fibre was fixed
at an arbitrary length simply by placing it
on the glass plate. The frictional force
between the glass plate and the fibre was
enough to keep the sarcomere stretched.

A light beam from a He-Ne laser appar-
atus (NEC, GLG 2026) was focused by a lens
onto the fibre position and a diffraction
pattern on a back screen was recorded. The
sarcomere length (L) of the fibre was cal-
culated from the distance between diffrac-
tion lines by use of Bragg's equation ;
Lsin #=n 2, where 6 is the Bragg angle, 1is
the wave-length of incident light (0.6328 )

SRS A R — B o

[Received for publication Junn 6, 1974]

and n is the order of the diffraction line. In
order to test the contractility of the fibre,
calcium ions were injected ionophoretically
into the skinned fibre through a micro-
pipette. For dyeing the nuclei, the fibre was
soaked in Ringer's solution containing 0.01
9 acridin orange for 5 seconds®.

Laser diffraction pattern : The laser diff-
raction pattern showed very sharp lines
even when the fibre was stretched up to 7 ¢
(Fig. 1 A). The frictional force between the
fibre and glass plate was removed by lift-
ing the fibre slightly off the glass plate.
The fibre, still in oil, shortened when the
frictional force was removed. When the
fibre was fixed at L= 6y, the line-widths
of all observable diffraction lines increased
(Fig. 1 B). The width of each diffraction line
decreased as the sarcomere length was
again stretched to more than 7 ¢ (Fig. 1C).

The sharp diffraction pattern in Fig. 1 A
indicates that the periodic arrangement of
sarcomeres or A- and I-bands along the
fibre axis is quite regular even when the
overlap between thick and thin filaments is
completely lost. Elasticity of the sarcomere
is probably kept by the internal membrane
system as a parallel elastic component.

Differentiation of Bragg equation gives
|66 |=tan 8.6L/L, where 40 is the deviation
of the Bragg's angle from its mean value due
to disordering of sarcomere length (6L) in the
illuminated portion of the fibre. Since “56”
is proportional to the line-width, the result
in Fig. 1 B suggests that the disordering of
sarcomere length occurred when the fibre
was stretched greatly and then shortened a
little. This widening is probably due to
partial damage of the internal membrane
by the extreme stretching.

The intensity of the second order diffrac-
tion line is stronger than that of the firtst



470

54321012345

4 3 21

01 23 4

2cm

432101234
Fig. 1. Diffraction patterns of stretched skin-
ned fibre. Sarcomere length in A, B and C were
calculated to be 7.2, 6.0 and 8.1 p, respectively.
The distance between the fibre and the film was
6.5 cm.

order line at L> 6. This inversion of the
intensity can be explained by the variation
of refractive index in sarcomereb.
Contractility : The fibre with a mean
sarcomere length of 7 p (diffraction pattern
Fig. 1 A) did not contract on calcium injec-
tion. On the other hand, the fibre with a
mean sarcomere length of 6 (diffraction
pattern Fig. 1 B) locally contracted on cal-
cium injection. Taking account of the disor-
dering of sarcomere lengths in the fibre
with a mean sarcomere length of 6 it is
supposed that thick and thin filaments in
some sarcomeres could have slight overlaps.

A
B
70
<
;so %
z .
550 + J(
!
D 7 b ‘%
T30 ¢
s
20 30 ) 50
sarcomere tength (}Jm)
Fig. 2. Fluoromicrograph of nuclei of skinned

fibre. A. A thicker part of the fibre is contrac-
ting. B and C : The sarcomere lengths are 2.8
and 4.3 g, respectively, taken from the same
fibre. D: Relation between the length of nucleus
and the sarcomere length. Vertical bars show
the standard deviation.

Deformation of nuclei by changing the
length of fibre : Elliptical nuclei were ob-
served along the fibre axis under a fluor-
escent microscope. The length of the nuclei
at the contracting part of the fibre decre-
ased on contraction (Fig. 2 A). The length
of nuclei increased when the fibre was
stretched (Fig. 2 B and C). It was found that
the length of the nuclei measured by use
of an ocular micrometer was proportional
to the sarcomere length (Fig. 2 D).

Since this observation was made on skin-
ned fibres, it is inferred that the nuclei are
connected to the internal membranes more
tightly than to sarcolemma.
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Effects of cooling on electrical activities of the sliced
olfactory cortex from guinea pig

Takanori FUJll, Takashi UCHIDA and Yoshihiko IWASE *

Department of Physiology, Kyoto Prefectural University

of Medicine, Kyoto

It is interesting and important to study
the thermal effects on the physiological
activity of the mammalian central nervous
system. The brain slice® of olfactory cortex
is an available material for this purpose.
Then transsynaptic activities of the brain
slice were evoked by stimulating the lateral
olfactory tract (LOT) under a wide-range
cooling and rewarming, from 37°C to 15°C
and vice versa. The evoked potential from
cortical surface to LOT stimulation mainly
consisted of the slow negative potential (N
potential) reflected from postsynaptic field
potential deep in the cortex®%. In this
experiment the N potential and unitary
firings in the cortex showed marked chan-
ges under variable temperatures.

Preparations were sliced off from guinea
pig olfactory cortices. The cutting end of
LOT was stimulated bipolarly with 1Hz
through the course of cooling and rewarm-
ing and each response was observed. The
silver ball electrode was set on the olfactory
tubercle to record the evoked potential. The
micro-glass pipette electrode inserted near
the silver ball was used for recording the
extracellular unitary firings. The N poten-
tial and the unitary discharge were stably
recorded for several hours by taking advan-
tage of a gas-blow and medium-flow me-
thodb®. The temperature was changed at
the rate of 5°C/5 ~10 min and checked with
a thermistor by touching the brain slice.
At the temperatures 37°C, 32°C, 27°C and
19°C preliminarily set to measure electrical
activities, brain slices were kept at these
temperatures for several minutes before
measuring in order to stabilize the slice

OEEHSRA, UM O, SERE  BURRLEE
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metabolism.

The N potential began to increase in
amplitude as lowering the temperature
from 37°C and showed the maximum am-
plitude at 32°C, but decreased on further
cooling and disappeared around 15°C. The
duration of the N potential was prolonged
to about twofold at maximum and the peak
latency was also delayed from 4.5 msec to
11 msec on cooling. All these effects were
reversible when brain slice was rewarmed
back to 37°C.

‘While neurons in the cortical slice res-
ponded to olfactory tract stimulation with
firings up to four, but about two thirds of
these neurons responded with one or two

spikes to LOT stimulation. The reduction

of spike height and the prolongation of
duration in second spike is probably ascri-
bed to the long-lasting inactivation of the
neuron after a firing, as has been explained

Fig. 1. Effects of cooling on the evoked
potential and the induced spike. A, B, C and D
are temperatures 37°C, 32°C, 27°C and 19C,
respectively, at which electrical activities of the
slice are recorded. Negative evoked potential,
top records in each column, and a part of serial
recordings of unitary responses, the remainder,
at different tempeatures. Negativity is upward
for each top record and downward for the rest.
Calibrations, 10 msec and 1mV.



in hippocampal neuron by Spencer and
Kandel®. In order to examine the numbers
of the induced spike on cooling and
rewarming, fifty trials of LOT stimulation
were collected at each temperature pre-
liminarily set. The probability to respond
with two spikes increased on cooling
to 32°C and decreased on further cooling,
from 028 at 37°C to 0.64 at 32°C and
0.10 at 27°C in the instance of Fig. 1.
Peak latencies of the first spike were
delayed as lowering the temperature. Mean
peak latency of 4.6 msec at 37°C in a sample
neuron in Fig. 1 prolonged to 5.9 msec at
32°C, 9.7 msec at 27°C and 27.1 msec at 19°C.
The latency of the first spike was rather
steady through the cooling down to 32°C
but became fluctuated after the slice was
cooled below 30°C, while the latency of the
second spike fluctuated more largely than
that of first one. The reduction of the spike
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height and prolongation of the duration also
resulted by cooling. The neurons occasion-
ally did not fire between 25°~18°C to LOT
stimulation and did not respond on further
cooling to 15°C, but started to fire again on
rewarming. These facts show the postsy-
naptic activity in the slice is the highest
around 32°C and the brain slice of mammals
is survivable through a wide-range cooling
from 37°C to 15°C.
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The analysis of the microvibration of the body surface over the
eyelid by the use of the real-time digital correlator and spectrum
analyzer Toshiyuki OzAKI (Department of Physiology, Hirosaki University school of

Medicine)

HIRCEED bhi v, AEEYCEETS
BEEE OBUNES) (microvibration, MV) o
EFPGHE LA L M IC T B ik, REHSR
OEBHRBELTRET TR LRERE
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Fig. 1. A : Over all block diagram of the
recording system of the MV, the real-time digital
correlator and spectrum analyzer for obtaining
the autocorrelogram of the MV and power spect-
rum of the autocorrelogram. B and C:Left
tracings are MV (microvibration, left eyelid),
ACG (apex cardiogram) and EEG (electroence-
phalogram, RO-RP lead) in the waking state (B)
about 20 minutes after lying in supine position
and during light sleep indicated by the EEG.
Right figures are the autocorrelograms of the
MV (above) and the power spectrum of the
autocorrelogram (below) in B and C, respectively.
The abscissa and ordinate of the power spectrum
show frequency per second (Hz) and mean square
value respectively. Each calibration as shown by
a vertical line in the right side of each tracing
indicates 1mV for both MV and ACG, and 50
#V for the EEG.

key words : analysis, microvibration, eyelid.
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