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On the accommodation of the sciatic nerve compared with that of
the electric nerve model (ENM) Masao MaTtomoT6, Takamasa KITA-

MURA and Michiko HANBA (Department of Physiology, School of Medicine, szma
University, Maebashi)

For elucidation of the mechanism of the accommodation of the nerve, the phenomenon
of the sciatic nerve and that of the experimental equivalent circuit, namely the electric
nerve model (ENM), were compared. The experiment was carried out on the sciatic nerve
and ENM using the square current, linearly increasing and exponentially increasing cur-
rents. The obtained results showed that the accommodation of the both materials were
similar. From the fact it was suggested that the study of accommodation with ENM,
which can be done more easily than with the nerve, well contribute to elucidate the
mechanism of accommodation of the real nerve.

{J. Physiol. Soc. Japan (1974) 36, 243-252)

key wards : accommodation of nerve and ENM.
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Fig. 1. Equivalent circuit of the nerve fiber
(1) and the electric nerve model, ENM (II). A :
equivalent circuit of the surrounding tissue of
the nerve fiber. B : equivalent circuit of the

excitable membrane, Th in the figure represents
a thyristor (2SF 101, NEC).
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Fig. 2.  Isolating box with the sciatic nerve
set through the isolating walls. (I), Tasaki’s
method used for leading out action potential of
the single node of Ranvier. (II), plane view of the
isolating box. (III), side view of the isolating box
without silver electrodes. (IV), photograph of the
isolating box (see text).
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Fig. 3. Circuit used for application of the

stimulating current to the nerve and ENM and
for leading out action potential (AP) or the poten-
tial change (1), ENM (2) and isolating box with

 the sciatic nerve set through its isolating walls

(3) (see text).
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Fig. 4. Currents used in experiment. In
records (A), 1, 2, 5 : linearly increasing current.
3, 6 : square pulse to be superimposed on the
linearly increasing current. 4, 7 : linearly increas-
ing current and square pulse superimposed. In
records (B), 1, 2, 5 : exponentially increasing cur-
rent. 3, 6.: square pulse to be superimposed on the
exponentially increasing current. 4, 7 : exponen-
tially increasing current and square pulse super-
imposed.
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Fig. 5. Expression of the voltage and duration
of the first and second current and the interval
between them. V;: voltage of the first square
current or the final voltage of the linearly in-
creasing and exponentially increasing current.
t1: duration of the square, linearly increasing and
exponentially increasing current. t: interval from
the initiation of the first current to that of the
superimposed square pulse. V3 : voltage of the
(superimposed) square pulse. tg duration of the
squale pulse.
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Fig. 6. Records of the spike height of the
nerve and ENM elicited by the definite square
pulse superimposed on the subthreshold square
current at a different time point from the initia-
tion of the current.

In records N

Vi V2 tz t
1. 15mV 45 mV 0.3 msec —3 msec
2, 15mV 45 mV 0.3 msec 1 msec
3, 15mV 45 mV 0.3 msec 5 msec
4, 15mV 45 mV 0.3 msec 13 msec
5, 15mV 45 mV 0.3 msec 21 msec

In records ENM

Vi \'Z tz t
1. 40mV 20 mV 0.3 msec —2 msec
2. 40mV 20mV 0.3 msec 0.5 msec
3. 40mV 20 mV 0.3 msec 2 msec
4, 40mV 20mV 0.3 msec 4 msec
5, 40mV 20mV 0.3 msec 7 msec

In the records the trace labelled 1, 2, 3, 4, 5
represents the applied voltage and that labelled
A, B, C, D, E represents the potential change or
AP elicited by 1, 2, - - - respectively. These are
the same in the following figures.
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ehclted by the stlmulatmg pul:t, f"lpphed 'at the
end of the square current of different duration.

In records N

: V1 t; Vz o
1. 25mV 1.5 msec 50 mV 2 msec
(subthreshold)
2, 25mV 3 msec 60 mV 2 msec
3, 25mV 9 msec 60 mV 2 msec
4, 25mV 12 msec 60 mV 2 msec
5  25mV 18 msee 60 mV 2 msec
In records ENM
2! o V. te
1. 35mV 1 msec 52 mV 1 msec
(subthreshold)
2. 35mV 3.5 msec 60 mV 1 msec
3. 35mV 7 msec 60 mV 1 msec
4, 35mV 9 msec 60 mV 1 msec
5, 35mV 15 msec 60 mV

1 msec

2 TR OB (t —JE) ZWE L fg, 628
¥ rpbKAE Lmsec Tkt DKL ILIC
Vo i3/l o 72 2%, FOBIRREIK &
D, HBEIC K » 2 BIEEFOEDOE LR
(Fig. 7).

PLEOERFEREZBETE, 620Xl
Imsec {2+ % £ TIHMEIIAEICKET
L,&mhmok%i&é@kﬁjﬁifiﬁ
L, OBBZFOEDE EHV7 (Fig. 8). i«

my. mv X
/—‘"""‘“‘ . 50}/
50
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o msec O msec
N. 1 ENM 1
mV mv
100 50
P e
0 20 5 10
° . . msec o msec
N2 ENM 2
Fig. & Threshold variation of the nerve and

ENM for the definite stimulating square pulse
applied at the end of the subthreshold square
current of different duration but constant voltage.
Duration of the stimulating pulse:in N. 1, 2
msec,-in N. 2, 2msecand in- ENM 1, 1 msec, in
ENM 2, 1 msec. Thick and thin lines represent
the threshold- voltage and the voltage of the
subthreshold square current respectively.
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ENM

Fig. 9. AP’s (or the potential change) on the
nerve and ENM elicited at different voltage of
the linearly increasing current of different gra-
dient.

In records N

Vi AP elicited voltage
1. 50mV 50 mV
2. 42 mV/msec 73 mV
3. 30 mV/msec 77 mV
4, 25 mV/msec 87 mV
5. 22mV/msec 110 mV

In records ENM

Vi AP elicited voltage
1. 16 mV/msec 70 mV
2. 8mV/msec 85 mV
3. 5mV/msec 100 mV
4. 3mV/msec 115 mV
5, 2mV/msec 125 mV

frh b ER O BERM L LICEINEER R
niz (Fig. 12). :

C. IBEEEWIEERE HvichEEs

BRI E 2 B e B A, W
WERERT OB DR CHEBREZERL,
B 5\ F—REEOWIEE & 4 DR T
WLz ol S CERERTERT 2L, BRT
FHEROBACHECERET . TOH
Rz kRic v CERY ERABROSE» 6

N / ENM -
AP’s of the nerve and ENM elicited
by the scarcely above threshold square -pulse
superimposed on the linearly increasing current
at its different voltage.

Fig. 10.

In records N

Vi t V. t, Vi+V,
1. 4.0mV/msec 1.5msec 50mV 2msec 55mV
2. 4.0mV/msec 6 msec 45mV 2msec 70mV
3. 4.0mV/msec . 9 msec 45mV 2msec 80mV
4, 40mV/msec 13 msec 40mV 2msec 90mV
5. 4.0mV/msec 18 msec 35mV 2msec 105mV

In records ENM

Vl t VZ tz V1 + V2
1. 1.7mV/msec 1.5msec 25mV 1msec 27mV
2. 1.7mV/msec  35msec 20mV 1msec 27mV
3. 1.7mV/msec 6.5msec 18mV 1msec 29mV
4. 1.7mV/msec 11 msec 15mV 1msec 33mV
5. 1.7mV/msec 14 msec 13mV 1msec 36mV

EEN2E5KbDThoiz. LER-TIH
LOERBRICOVTIREREZEE, EBREER
%71 oscillogram (Fig. 13~15), BX Uz h
B R R OBLOREEE BIRT 5 I
kw7 (Fig. 16).
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Fig. 11. AP’s of the nerve and ENM elicited
by the square pulse of the definite duration at
the end of the linearly increasing current of a
different duration.

In records N

Vi t V2 ta
1. 5.3 mV/msec 3 msec 50mV - 2msec
2, 5.3 mV/msec 5 msec 55mV 2 msec
3. 5.3mV/msec 6.5msec 60mV 2 msec
4, 53mV/msec 11 msec 70mV 2 msec
5. 5.3mV/msec 17 msec 85mV 2 msec

In records ENM

Vi t Ve te
1, 4.6 mV/msec l1msec 48mV 2 msec
2, 4.6 mV/msec 3msec 50mV 2 msec
3, 4.6 mV/msec 5msec 52mV 2 msec
4, 4.6 mV/msec 8msec 56mV 2 msec
5. 4.6 mV/msec 18 msec 68 mV 2 msec

Bt I O ENM oo i 35\ THiR I D
VC%;&E‘?&% E‘S }}'b 7‘2 )Ht%2)4)7)]0)15)16)17)24)26) é: Iﬁ];{\%
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/
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my mv
lw/ sof
s0 /
g 10 20 5 10
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N. 2 ENM 2
my mv
100 / sof /
s0
10 20 5 10
o msoc - 0 . msec
N.3 ENM 3
Fig. 12. Threshold voltage of the nerve and

ENM for the linearly increasing current of diffe-
rent gradient and for the square pulse applied at
a different voltage of the linearly increasing
subthreshold current. Thick and thines lines
represent the threshold voltage and the linearly
increasing subthreshold current respectively.
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Fig. 13. AP’s of the nerve and ENM elicited
by the exponentially increasing current of diffe-
rent gradient.

In records N

RC AP elicited voltage
1, 0.1 msec 75 mV
2. 0.3 msec 80 mV
3. 0.5 msec 85 mV
4, 1.0 msec 90 mV
5. 1.5 msec 100 mV

In records ENM

RC AP elicited voltage
1. square pulse 35 mV
2, 0.3 msec 40 mV
3. 3 msec 75 mV
4, 5 msec 80mV
5. 9 msec 82 mV

ENM # v THBHAOFELEL Y LT 5ER
PEBERTHD LIV ZRVTHESLD, Ttk
FHERRHEP I ENM 0o S HBREZER I CERD
IC& o THR SN BIBERFET 20BN E
BRENATH S L LTYL, MiMeEL LT
ELXMICIZENM oRR L EMiTHhIE0H T
LREBRMICRENZ BB LI) BDITTH S

; i

5 B 4 £ : 1 % A’. =

N _ENM

Fig. 14. AP’s (or potential chahée -of the

; )
nerve and ENM elicited by the definite square
pulse applied superimposed on the exponentially
increasing current at a different time point.

In records N

RC Ve ta t
1. 5msec 40 mV 0.3 msec 1.5 msec
2. 5 msec 40 mV 0.3 msec 5 msec
3. 5 msec 40 mV 0.3 msec 10 msec
;1. 5 msec 40 mV 0.3 msec 16 msec
5. 5 msec 40 mV 0.3 msec 24 msec

In records ENM

RC V. ts t
1. 0.5 msec 20 mV 0.2 msec 0.2 mssc
2. 0.5 msec 20 mV 0.2 msec 0.7 msec
3. 0.5 msec 20 mV 0.2 msec 1.1 msec
4, 0.5 msec 20 mV 0.2 msec 2.4 msec
5. 0.5 msec 20 mV 0.2 msec 5 msec

o, MR B SR ENM B0 5
WEOBFEHLMCT Ak T, BEE
BaREAELNDETHA S v IHIHEENTFREI
7%, PERRAMEE W EEEERMEIE LTZo
WEOBFOBHANREE TH 5 2 L 3PS
2L 1LTh, ENM o3\ C ik s f9mE & 1%
EZxbhEV. LM -TxF ENM CiEo
BREOMPAYETOThE. LirLhico
WTERR T B O 2L Th 2 A EHIED X
> THN B BT L LI TIRIET 5 TETH
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ENM

Fig. 15. AP’s of approximately same height of
the nerve and ENM elicited by the square pulse
of definite duration applied at the end of the
exponentially increasing subthreshold current.

In records N

RC V2 ta t
1. 5 msec 35 msec 2 msec 0 msec
2, 5 msec 35 msec 2 msec 1.5 msec
3. 5 msec 45 msec 2 msec 6 msec
4, 5 msec 55 msec 2msec 11 msec
5. 5 msec 60 msec 2msec 16 msec

In records ENM

RC V. to t
1. 41 msec 55 mV 2 msec 4 msec
2. 4 msec 60 mV 2 msec 6 msec
3. 4 msec 65 mV 2 msec 7 msec
4, 4 msec 72 mV 2 msec 11 msec
5. 4 msec 75 mV 2 msec 17 msec

H0DT,

ZZTRINESZIBAB RN 2.
V. & 18

Wvﬁ:wm%%@ﬁxubwmﬁﬁm@g
BRASEMEIRG & U Ak Lz R A

(ENM) (ERE, BEROEFERS & U
BRI ER L CEEHL, 2hb0BRIC
T AMEBBELED, SbIZhbOBROE

B3 505 251

msec o msec
N. 1 ENM 1
mv my
100 50 .
" /’t‘:___
10 20 5 10
o msec o msec
N. 2 ENM 2
mV myv
100 50
e
sop T —
10 20 //5 10
o  msec o . .msec
N.3 ENM: 3
Fig. 16. Threshold voltage of the nerve and

ENM for the exponentially increasing current of
different gradient and for the square pulse applied
superimposed on the ‘exponentially increasing
subthreshold current at its different voltage, and
that for the square pulse applied at the end of
the subthreshold exponentially increasing current.
Thick and thin lines represent the threshold
voltage and the linearly increasing subthreshold
current respectively.
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Toxic effect of arsenic trioxide in infant rats

Sigehiro KIYONO, Keiko HASUI, Kazuko TAKASU and Misako SEO*

Department of Physiology, Institute for Developmental Research,
Aichi Prefectural Colony, Kasugai, Aichi

It has been well known that the arsenic
compounds have a highly toxicD3% and
teratogenic actionD. A series of psychophy-
siological studies are now undertaken in
our laboratory using adult rats suggested
from chronic arsenic trioxide intoxication in
early postnatal period to elucidate the after-
effect of the drug. As a preliminary work
to examine the toxicity against the on-
togenetic development, we studied the
lethalty, body weight and spontaneous
motility.

Sprague-Dawley rats were used. Newborn
litters were divided into control and drug
groups matched for sex and body weight.
The drug group was applied arsenic trioxide
(per os;solved in distilled water, 1 mg/ml)
at a dose of 5.0 (E-5.0 group), 7.5 (E-7.5) and
10.0 mg/kg (E-10.0) once a day from the
next day of birth (day 1) up to the weaning
(day 21). Control animals received distilled
water only instead of arsenic trioxide solu-
tion. Spontaneous mobility was measured
in adult rats of 11~17 weeks of age by an
Animex (Type s, Farad)®» for 24 hours.

The lethal cases were found almost
exclusively before weaning. The followings
were the results obtained from birth to 3
months of age. There was no sex difference
in lethalty in all groups (x square test). In
controls 10 out of 130 animals died (7.79).
No preferential lethal period was observed,
i.e.,, the death occurred sporadic but, as
mentioned above, before weaning. It should
be noticed that the per os application of a
solution using fine soft tube was not easy
in newborn rats and a part of death cases
may have been due to technical insuffi-
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ciency. In the E-5.0 group 4 of 34 animals
died (11.8%5), in the E-7.5 group 31 of 56
(55.4%) and in the E-10.0 group 89 of 101
(88.1%5). The results showed a remarkable
dose dependency in arsenic lethalty. In the
E-7.5 and E-10.0 groups several litters were
totally dead. The more the dose of arsenic
trioxide the earlier the date of the first
lethal case: day 6 in the E-5.0, day 5 in
the E-7.5 and day 2 in the E-10.0 group.
The most highly lethal period ranged from
days 8 to 13 in the E-7.5 and from days 5
to 9 in the E-10.0 group. Arsenic trioxide
depressed the increase of body weight and
the effect was strictly dose dependent. Male
animals in the E-5.0 group showed the less
mean body weight than that of the controls
from day 10 on (p<.05; Mann-Whitney U-
test, one-tailed), but after weaning the
difference became not significant. Females
in this group showed a normal increase of
body weight although their mean value was
consistently inferior to that of the controls.

500
400t
300
200

100

5 10 wks

5 10 15 20 25 30 wks

Fig. 1. Effect of arsenic trioxide upon body
weight. Ordinate : mean body weight with SD,
abscissa : age in week, open circle : control, filled.
triangle : E-7.5 group. In females the discrepancy
between two groups is less than in males.
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Fig. 2. Effect of arsenic trioxide upon spon-

taneous mobility (24 hours). The tuning and sen-
sitivity levels were fixed at 40 #A. Food and
water were available ad libitum and the light-
dark condition followed the natural daynight
cycle. The mean value (with SD) obtained from
the control group (open ‘column) was taken as
100.0. Ordinate : number of spontaneous mobility
in percent. Hatched columns: E-7.5 (left half) and
E-5.0 (right half). Individual values were plotted
by open circle (controls) and filled circle (experi-
mental animals).

As is shown in Figure 1, in the E-7.5 group
(filled triangle) the mean body weight was
less than controls (open circle) in both sexes
after day 3 up to the adulthood (p<.05).
Because of high lethalty it was practically
impossible to compare the sex difference in
the E-10.0 group. As a whole, in the E-10.0

animals, their body weight increase was.

markedly suppressed from day 2 on (p<.05)
and the difference from the control mean
was the largest in this group.
Spontaneous mobility tended to increase
in experimental animals. Figure 2 shows
the results obtained from the E-5.0 and E-

7.5 groups. In the former (n=12) only one
case (8.39%) showed a highly increased
mobility far beyond 3 SD of the mean in
controls (n=13), while in the E-7.5 group 4
out of 18 animals (27.7%) showed a heigh-
tened mobility beyond 3 SD of the mean
obtained from the controls (n=29). Here
again, we could observe a dose dependency.
It should be added that the intergroup
difference was not statistically significant
both in the E-5.0 and E-7.5 groups in com-
parison to the controls. The result suggest
that in such a study as ours, the individual
abnormal deviation should be -carefully
scrutinized, since the poisoning during early
postnatal period does not necessarily result
in the pathological disturbance in all adult
cases.

The results on the suppressed body
weight increase in rats would correspond to
the clinical observation that the neonatal
arsenic intoxication caused the lesser mean
body weight in young adults in contrast to
the age- and sex-matched normal subjectsb.
Other experimental reports®® on the le-
thalty and body weight due to postnatal
chronic arsenic intoxication could not dire-
“ctly correlate with our results because of
the difference of the dose and the treatment
period. Our results suggest that arsenic
trioxide applied in infancy could have a
long-lasting pathological after-effects in the
rat.

Thanks are due to Dr. Ito for his kindly read-
ing the manuscript.
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Comparison of circadian oral temperature rhythms
between blind and normal subjects

Hiromi TOKURA and Kentaro TAKAGI*

Primate Research Institute, Kyoto University, Inuyama and Nagoya City

University*, Nagoya, Japan

Some rodents living in Alaska show cir-
cadian free-running locomotor rhythms at
the time of the summer solstice, i. e., at the
time when the amplitude of the daily cycle
of light and dark is lowest?. It has also
been definitely shown that the circadian
rhythms of physiological functions such as
sleep and wakefulness, body temperature,
whole bodily activity etc. in man and some
mammals free-run under constant illumina-
tion in laboratory conditionsh3498), These
studies might suggest that the regular
alternation of light and dark is an important
entraining agent in synchronizing circadian
rhythms in living systems. With these in
mind, it is of interest to survey the cir-
cadian rhythms of blind subjects living in
a normal environment of light-dark cycle.
In the present study, attempts were made
to compare the circadian oral temperature
rhythms between blind and normal subjects.

Five healthy male students and five blind
male students, aged 18~20years old and
19~21 years old, respectively, served as
subjects. None of these blind subjects were
totally blind : they had impaired vision and
could distinguish light from dark indistin-
ctly. None but one blind subject had been
blind from birth. The blind subject, student
of a school for the blind, had spent a very
regular life, having moved active during
daytime comparatively. Oral temperature
was measured using a mercury clinical
‘thermometer which was inserted under the
subject’s tongue for 5min. The measure-
ments were performed in February, 1969 at
7:00a.m., 10:00a.m., 2:00 p. m. (only the
normal subject), 6:00 p. m. and 10: 00 p. m.
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for 10 consecutive days.

Table 1 summarizes the data obtained
and these data are graphically expressed as
indices in Fig., 1. These indicies were cal-
culated assuming that the mean oral tem-
perature (=means of all values measured
at each measurement time in 5 normal and
blind subjects each) was 1009;. As shown in
Table 1 and Fig. 1, there were marked cir-
cadian rhythms of oral temperature in the
blind subject as well as in the normal
subject. The maximum mean temperature
was recorded at 10:00 a. m. in the blind and
at 6:00a. m. in the normal one. The mini-
mum- mean was at 10:00 p. m. in the blind
subject and at 7:00 a. m. in the normal one.
The difference between the maximum and
the minimum is statistically significant at
the 0.19; level of significance. As repre-
sented in Fig. 1 and Table 1, the circadian
rhythms of oral temperature in the blind
subject with impaired vision, however, were
distinguishable in amplitude (=difference
between maximum or minimum value and
mean value)? and range of oscillation
(=difference between maximum -and mini-
mum within one period)® from those of the
normal one with normal sight. The range
of oscillation was significantly smaller in
the blind subject (0.5140.29 °C) than in the
normal one (0.87+0.33°C).

At arctic midsummer of Alaska When the
light intensity at the daily maximum is
only 23times greater than the illumination
at the daily minimum?, the amplitude of
circadian renal excretory rhythms in arctic-
dwelling Eskimos, and white subjects who
had lived over 5 months at Alaska, is small
in comparison with that normally seen at
lower latitudes®. According to Lobban &
Tredre®, the totally blind subject reduced
the amplitude of the circadian rhythms of
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Table 1. Circadian rhythm of oral temperature ("C) in normal and blind subjects
time of measurements
. 7_a.m. 10a.m. 2p.m, 6p.m. 10p.m.

normal  36.2210.25%°  36.67x0.28 36.99%0.25  37.01£0.35%%  36,690.31

blind 36.6240,25 36.8820.30%2 36.85%0.22 36,5910, 244
range of oscillation

n&rmal 0.8710.33%

blind : 0.51£0.29°

mean+stanard deviation ; @ : maximum temperature ; A : minimum temperature; statistical

analysis ; a vs b, p<0.001.

°l
101
100 |-
o
99 - l\
—e~: normal
—o-: blind
98 -
O-I: L 1 1 1 Ly
7 10 14 18 22 7
am. - p.m. am.
Time
Fig. 1. The circadian rhythms of oral tem-

perature in the blind subject and the normal one.
Oral temperature is plotted as percentages. 100%
=mean oral temperature of 5 subjects each.

renal excretion. Therefore the facts obta-
ined in this study that amplitude and range
of oscillation in the circadian rhythms of
oral temperature were smaller in the blind
subject than in the normal one, might be

attributed to the reduction of the ability of
light/dark sense in the blind subject. Our
findings suggest that the alternation of
daylight and darkness of our normal 24 hr
day plays a part in maintaining circadian
rhythms of oral temperature in man.
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