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Study on the carotid sinus wall nerve discharge in the dog

= #H X =B

(MIURA—Mituhiko) *

The impulse activity of the carotid sinus wall nerve was examined after the administration
of several drugs influencing blood pressure level in anesthetized dogs.

The change in number of impulses per one cardiac cycle against mean blood pressure
was calculated in the pressor (or depressor) and its recovery phase. A hysteresis phenomenon

was generally observed.

The carotid sinus nerve consists of several kinds of fibers ; large, middle, small myelinated
and nonmyelinated. From simultaneous registration of two different spikes (large and small)
it was observed that the above mentioned hysteresis phenomenon was more conspicuously
observed in small spikes, and that small spikes did not show clearer correlation to the
intrasinusal pressure change. It is suggested, therefore, that the different modes of -the
impulse activity would correspond to the morphologically classified entity of fibers.
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of 8 kg dog after the administration of 3.1 gamma per kg. hypertensin BORERBOTETHS. b
I. The intrasinusal pressure (mmHg) is simultaneously registered

A, B, C : record of pressor phase. Bt SRS (mmBg) &, T
D, E, F, G, H, I: record of recovery phase. : B RE R 2R T
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Table 1.
Selected data from pressor reaction caused by the administration of hypertensin

I (3.1 gamma per kg).

pressor phase
-

recovery phase
5

No. 1 30 120 140 600 1400 1600
m. b. . 74 126 155 190 186 70 46 43
impulses 3 8 11 12 12 2 1 0
c el 310 250 280 290 300 360 380 380

No. : the number of cardiac cycle.
m. b. p. : mean blood pressure (mmHg).

impulses : number of impulses per one cardiac cycle.

c. ¢. L. : cardiac cycle length (msec).

msec cardiec cycle
40
300 oo.‘.. et . . . . '3 . M - g ® 00

]mmHg
=
: EEREREE
5 'ifﬂ ‘ ”r _h
100 {E:"A 1]' l |
505 II ]7'1];7, l I Isyst.p
) -E P T?foas'}.%p
_ number of impulseg
lo—: JRE . .
o ST e Tede T s00 4 'é&o':izbé'{eh

the number of cardiac cycle

Fig. 2.

Diagram showing the process of pressor phase and recovery phase caused by the administration
of hypertensin [ (3.1 gamma per kg.). Abscissa shows the number of cardiac cycle.

As for ordinate : the 1st column shows cardiac cycle length (msec), the 2nd column mean
blood pressure per one cardiac cycle (mmHg) and the 3rd column number of impulses per one

cardiac cycle respectively.

Note the smooth rise in mean blood pressure and corresponding increase in number of impulses.
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Fig. 3.

Diagram showing the relationship between mean blood pressure (abscissa) and number of
impulses (ordinate).

Open circles represents number of impulses in pressor phase and cross marks in recovery
phase.

Note a hysteresis phenomenon between two phases.

Table 2.
Selected data from pressor reaction caused by the administration of carnigen
(1.25 mg per kg).

before pressor phase recovery phase

P
No. ™~ 20 50 60 130 150 310 660
m. b. p. 96-98 97 142 164 219 212 222 154
impulses 0-1 1 10 11 11 11 9 2
cc L 360-380 380 330 300 270 260 260 280
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10 . . .
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° i T | ™ T T T 1 T
before O 50 100 150 300 400 500 600 70Q after
‘the number of cardiac cycle
Fig. 4.
Diagram showing the process of pressor phase and recovery phase caused by the adminis-
tration of 1.25 mg per kg carnigen to 8 kg dog.
Note the steep increase in number of impulses and the saturation of discharge at the
initial stage of pressor phase.
T, B/ME 240msec #EEELTZ. _jnumber of impulses C e
Fig. 5 IC Y ME & FHE L 0ffRE 0 . . .
Rl THMECKH 3 AEMORE - « x
% (K, @) oBEfRE, EEMADIE - . x x
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ATV Y AEFT. - y .o
i °7 LT
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oYL, FEHECEEEEETHY, .
— [ x X X
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V‘fﬂ%%j’(%%%}ﬂill, mel, 12T [ L L L L D R A S L
HY, EHMECH LT, KIGREBEZE 100 150 200 mmHg
CTOERNED 7 vy FBNIE— TR mean b,p
, HOEDPIRERTF YV R o« =7 E5R Fig. 5.

LTw3.
c. epinephrine (% 1 )
8kg DHE A XEHT-. EHER,
6r/kg Th 7z,
Fig.6 X, epinephrineid Afg DHJEK

Diagram showing the relationship between mean blood
pressure and number of impulses. Solid circles represent
number of impulses in pressor phase and cross marks
in recovery phase. i

Note a conspicuous hysteresis phenomenon between two

phases.
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The impulse activity from baroceptor unit in the carotid sinus nerve of 8kg dog after the
administration of 6 gamma per kg epinephrine.

A, B, C, D, E, F : record of pressor phase.

G H L J K, L, M, N, O : record of recovery phase.

Table 3.
Selected data from pressor reaction caused by the administration of epinephrine
(6 gamma per kg).

before pressor phase recovery phase
= /~)L-_ﬁ
No. ~_ 20 95 100 105 110 115 190 200 260 280 900
m. b: p. 38-41 38 121 121 130 127 123 165 155 152 145 53
impulses 0-1 1 13 10 12 8 9 15 14 14 9 1

c.c L 410 400 340 340 360 380 340 360 380 370. 370 390

hi
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Fig. 7. Diagram showing the process of pressor phase and recovery phase caused by the administration
of epinephrine (6 gamma per kg). Note the effect of two step rises in pressor phase on number of impulses.

15 number of impuises ° ox o
i ' 00 oomt
. (-]
J ®o
10 A 00 00
. -] -]  § 9
4 o o x '
B - x
" : x
5 —
. o 0 x
- ' 1
- oxXx X
] ooX X
o M l v I
0 50 100 150 200

mecn b.p (mmHg)

Fig. 8. Diagram showing the relationship between mean blood pressure and number of impulses. Open
circles represent number of impulses in pressor phase and cross marks in recovery phase.

Note an atypical hysteresis phenomenon between two phases because of decrease in number of impulses
corresponding to the half way pressure fall in pressor phase. ‘
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Table 4.
Selected data from pressor reaction caused by the administration of epinephrine

(6 gamma per kg).

pressor phase

recovery phase

No. "1 40 45 50 70 75 8 90 110 125 130 140 220 1000
m. b. p. 61 100 100 108 104 105 105 107 117 121 122 120 114 65
impulses 2 8 6 7 4 5 6 6 11 11 8 8 4 2
cc L 360 350 360 360 350 360 360 360 340 360 350 340 330 360
méec cardiac cycle

400 3 o eee, . . .

300 . ° e ot® ® 0 o000 ® . . e

S (i
; 1. LLﬁ“THrTh l

100 1 lyll?hm?-l“l bl !. | [
] i.‘rT‘.l ) ol T I syst.p
j ‘],T‘ Lrg Pt l mean b.p

50 i " diast.p
- number of impulses ’

I O —“ Q‘.,
5 —— . .- . ece . . .
0 3
| I T | | Pt b
0 50 100 150 200 300 600 900
the number of cardiac cycle

Fig. 9.
Diagram showing the process of pressor and recovery phase caused by the administration
of same dose epinephrine as previous case to 8 kg dog. Note the effect of two step rises

in pressor phase on number of impulses.
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Table 5 12, RIERBOFE L DHFELRT
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F33 M & EES6HIC B HEREY, Bt
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Fig. 10.

Diagram showing the relationship between mean blood pressure
and number of impulses. Open circles represent number of
impulses in pressor phase and cross marks in recovery phase.
Note an atypical hysteresis phenomenon between two phases
because of decrease in number of impulses at the half way
pressure plateau in pressor phase.

Table 5.

Selected data from pressor reaction caused by the administration
of norepinephrine (1.4 gamma per kg).

boledS, —F, 24 6l

25 122mmHg T 7. Zh pressor Jphase recovery phase
5OBEE, BRABES ORNEI No. 33 56 80 110 112 203
(R LT, & I ) S m. b. p. 152 196 200 196 191 161

A FHEAROREIBIS T impulses 8 17 18 17 16 11

T, FHUNREFEEDBEIR c c L 260 260 290 290 300 260
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Fig. 11.
Diagram showing the process of pressor and recovery phase caused by the administration
of 1.4 gamma per kg norepinephrine to 9kg dog.
Note the periodic change in number of impulses corresponding to the periodic pressure
change. Labeled spots (a—h) represent maximum discharge group among periodic change in
impulse activity in recovery phase.

20 number of impulises

] ° 8 °
4 ° o oo %
i o g e
15 ° ¥
. ° x®
- o xb x
E x& 3
. HH 4 x
104 o x¢ ?
- o x X ox x X
T 2
- e
5 r T T T T T L T T T T
150 160 170 180 190 200
mecn b.p (mmHg)
Fig. 12.

Diagram showing the relationship between mean blood pressure and number of impulses.
Open circles represent number of impulses in pressor phase and cross marks in recovery

phase. In the case of clearing off labeled cross marks (a-h), a hysteresis phenomenon can
be recognized. -
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Table 6.

Selected data from two steps pressor reaction caused by the administration

of norepinephrine (3.3 gamma per kg).

primary secondary
= —
before  pressor phase recovery phase glr;ssseor ;t;f:sx;ery,
P N N — e e, e A
No. 14 18 27 29 63 69 72 105 110 251
m. b. p. 98-100 9 112 142 133 107 100 103 121 118 103
impulses 7-9 7 15 23 20 7 9 8 15 13 8
c.c L 330 300 310 450 400 360 330 350 350 360 340
500 7 msec . cardiac cycle
400 ] e e .. . - —
300; cee L "-.' . e . o, e . " . R “"“ .‘ »““ .-‘. L1
mm Hg
- Ji |
i
4 vﬁ] . i
| ) P syst.p ,
= "! Eﬂ’m { ‘ l 1
1 ‘ 'ul?uii:\ ‘ Pl ’ ! el
1 vl‘.f!\““p o i TR . meanbp !- ..
S im i bl 1 N e ! i ;v
T RN s i | et
N i I ;
, i ‘{‘ P l | diastp \ L.
N [ ’ 1 H E[
L C |
_ number of impuises -
20
0 J— 1 l 1 T T
before O 50 100 150 200 250

the number of cardiac cycle

Fig. 13.
Diagram showing the two steps process of pressor and recovery phase caused by the adminis-
tration of 3.3 gamma per kg norepinephrine to 6 kg dog. In primary pressor reaction mean
blood pressure tends to 142 mmHg, but secor{dary pressor reaction only 118 mmHg.
Note the periodic change in number of impulses corresponding to the periodic pressure

change.
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Fig. 14. Diagram showing the relationship between mean blood pressure and number of impulses. Open
circles represent number of impulses in primary pressor phase, cross marks in primary recovery phase,
triangles maximum discharge group and solid circles minimum discharge group among periodic change
in impulse activity in secondary pressor phase. Note hysteresis phenomena in primary reaction and
between maximum discharge group and minimum discharge group.
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Fig. 15. The impulse activity from baroceptor unit in the carotid sinus nerve of 7kg dog after
the administration of 7.1 mg per kg alpha methyl dopa.

A : record before administration. B, C:record of primary depressor phase. D :record of primary recovery
phase. E, F:record of secondary depressor phase. G, H, I:record of secondary recovery phase.
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a. mnorepinephrine BhiE Lo, ZEEuL, F63dT, #HAROKYE
6kg DA XM fe. WRRE, 33r/kg  WRok. DEMORSIE, REOKENSE

T&)Ofu
Table 6 iz, KIS EBOFELDEHE 2R
L, Fig. 13 Iz, KIEEEBOMEL R L.

BEOMIR T T, BELIER L.
TR BIE, BlEE L, FofRBixEg
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BUCZER D o720, ZhdT 25 ELREREIC
B L.

B8R L Dk L T, AEDH

B, HARFEMECELE

Table 7.

Selected data from two steps depressor reaction caused by the administration

of alpha—-methyl-dopa (7.1 mg per kg).

primary
A

secondary
A

depressor phase
———

recovery phase
—_—— e ——

depressor phase
——

recovery phase

—

No. 10 27 29 39 41 63 65 90
m. b. p. 148 121 . 124 132 130 112 116 131
impulses 21 10 11 17 17 10 11 23
c.c L 390 430 430 400 430 450 440 440
450 — msec cardiac cycle | e e%%es’ctead . et .«
350 1. )
- mmHg
150 [ ’H , ! syst.p
IRk T
4 HI .”I“” l [l{ IH I + . mean b.p
1 H[Hm HHHHlJ | Iaiasf.p
oo ] i
24 — number of impulses .
20 - N L] . ..' *
16 - a
12 IR e et
s | .o .
4 _|
0 — I T T T T T T T T T |
0] 50 100
the number of cardiac cycle
Fig. 16.

Diagram showing the two steps process of depressor and recovery phase caused by the

administration of alpha methyl dopa (7.1 mg per kg).
Note the impulse activity corresponding to pressure fall and rise.
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Fig. 17.
Diagram showing the relationship between mean blood pressure and number of impulses.
Open circles represent number of impulses in primary depressor phase, cross marks in
primary recovery phase, solid circles in secondary depressor phase and triangles in secondary
recovery phase respectively. Note hysteresis phenomena in primary and secondary reactions.
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Auvle—kEi, ZRREE v Fig. 18.

5EEE, HewcliLT, B The impulse activity from two kind of baroceptor units in the
carotid sinus nerve of 8 kg dog after the administration of 4 gamma

BN 572 b D TH B, . .
per kg epinephrine.
B. RRTEZ3_EOoMER Impulse activity (high and lower amplitude), ecg and intrasinusal
© 5 pressure were recorded by the 4 beams of the oscillograph.

1. EERERESHEETO A, B, C, D : record of pressor phase.
E, F, G, H : record of recovery phare.

BERG
8kg DA X &7, ERAEYNZ, epine- %, ZBB X MERFTEE) (high amplitude)
phrine ©, AR, 47/kg TH o7e. %z, WEBEEFAANEELRT. A, B, C, DX

Fig. 18 X, epinephrine A% O HIFRRE HEMEO E, F, G, HizEMERDOTHETH 5.
DFEFETH D, —BRETHREEH E ) (lower Table 8 |2, B OEELLFEEEZFT
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Table 8.
Selected data from pressor reaction caused by administration of epinephrine
(4 gamma per kg).

A

before ‘ pressor phase recovery phase
A P S NS
No. 8 24 46 52 54 70 73. 85 201
m. b. p. 121-125 124 146 180 193 188 194 186 175 148
impulses (L) 1 2 5 6 7 6 7 [ 5 2
(S) 1-2 3 6 10 9 6 6 3 0 1
c.c L - 400 390 400 390 370 380 400 390 400 450
(L) : impulses of large spikes per one cardiac cycle.
(S) : impulses of small spikes per one cardiac cycle.
500 msec cardiac cycle e e e e
2007 mmHg meanb.p
.t * .- . 3y
150 ; . SO
120 4+
{0 o number of impulses (L)
5 _ snanene e e e
I
] (S)
IO-_' .
5]
o-__
e’ e ————
b ’ 50 100 150 200
the number of cardiac cycle
Fig. 19.

Diagram showing the process of pressor and recovery phase caused by the administration
of epinephrine (4 gamma per kg). (L) shows number of impulses of large spike and (S)
shows that of small spike.

Note the saturation of impulse activity at the half way of pressor phase and difference
between large and small impulse activity in recovery phase. The cardiac cycle length
progressively prolongs throughout recovery phase.
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Fig. 20.
Diagram showing the relationship between mean blood pressure
and number of impulses. The upper refers to large spikes and
the lower small spikes. Large open circles represent number of
impulses in pressor phase and small solid circles in recovery phase.
Note the difference of hysteresis phenomena between two kind
of spikes.

2) REAED 2. FEBMTORERI

170 mmHg Pl B¢, BRI L, RBiEEkicE il e A—0oROMERR LR L Lk,

BB LTHD.

epinephrine %, 637/kg AL, RIEHEFHZE

Table 9.

The process of premature beats caused by the administration of epinephrine

(63 gamma per kg).

phase e.c g No. duration
(a) normal sinus rhythm. 1-52  21.09 sec.
sporadic ventricular premature beats and ventricular .
(b) tachysystolia. (prefibrillatory phase). 53-68 6.24 sec.
(c) ventricular tachysystolia-+auricular fibrillation. 69-92 8.52 sec.
(d) ectopic beats (multiple foci). 93-160  35.84 sec.
(e) ectopic beats like basic QRS complex. 161-294  54.68 sec,
(f) ectopic beats like basic QRS complex. (beginning of 295-487 157.10 sec.

recovery phase).

(g) normal sinus rhythm. 488-524  19.92 sec.
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Fig. 21.

The impulse activity from same units as previous case after the administration of 63 gamma

per kg epinephrine.

A : pressor phase under normal sinus rhythm.
B : premature beats appeared as sporadic ventricular premature beats inserted into normal
sinus rhythm. As the atypical premature beats became dominant, the blood pressure rose

and fell in two steps.

C : ventricular tachysystolia with auricular fibrillation (sinus P disappeared).

L.

epinephrine FAZOLEHEFTRO
e s, RINEEE EEMCSELT,
Table 9 2R L, fib¥T, DIEESR,
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Fig. 21 1%, epinephrine 13 A2 D&k -

Thd., ARZEFRETT O A EHE
(afl) 273, BoFHT, LEHN
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FBicHiBE L7 (bfE). CTik, AP
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#8).
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TR LRSI E R T

Fig. 23 %, Table 9 @ e #HicFA4+
5. HAH ORS Btz ORS 277+
DEFEREPTEE 5. BPER, 3
FLUBET, KERDESL, DASOR

Fig. 22.
The impulse activity under ectopic beats from several
foci.
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Fig. 23.
The impulse activity under ectopic beats like basic QRS complex.
Systolic pressure in each cardiac cycle was high and appropriately
equal, but pulse height small and cardiac cycle length changeable.
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Fig. 24.

The impulse activity under ectopic beats like basic QRS complex.

L, M : Note the decrease in systolic pressure and conspicuous fall in minimum diastolic
pressure, namely beginning of recovery phase.

N : return to normal sinus rhythm.
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Table 10.

Selected data from phase (a) and phase (g).
phase (a) transient zone phase (g)
P e
No. 22 31 37 487 488 489 490 491 501 521
m. b. p. 132 170 185 188 150 169 169 172 168 148 138
impulses (L) 1 6 6 2 6 7 6 6 3 1
(s) 1 7 8 2 4 4 3 2 1 1
c.c L 420 380 380 -400 460 500 600 520 560 540 520
550_“ mse¢ cardiac cycle P .
. . . * . ] . .
4504 L, ..., L , )
350_ . - . . .. "
1907 mmHg mean b.p . ‘.
4 . .
170 et ?P,“
150 - g . .
. * . L]
130
8-1 number of impulses (L) L .
G—- Ve * e 0 00 0 . . ..
NE ' . . . .
27 ' .
o_
|o—_ number of impulses (S) L
8_ - » * . *
€
4 . .
2 —-n . .. . . . - . . - . . .
0 T T 1 '
20 30 40 49C 5 52¢

00 510
the number of cardiac cycle

Fig. 25.
Diagram showing the process of phase (a) and phase (g). Phase (a) is pressor phase under
normal sinus rhythm and phase (g) is recovery phase under normal sinus rhythm which has
come back from long lasting various kinds of premature beats. The four labeled solid
circles surrounded by long square means transient zone.
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Diagram showing the relationship between mean blood pressure and
number of impulses. The upper refers to large spikes and the lower
small spikes. Solid circles represent number of impulses in phase (a)
and cross marks in phase (g). Labeled cross marks means number
of impulses in transient zone. Note a hysteresis phenomenon not so
conspicuous as previous case.
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Table 11.
Selected data from the two steps fall and rise in pressure from phase (b) to
phase (c).
A primary secondary
A, B U ——
pressure fall pressure rise  pressure fall  pressure rise
—— Prum N PN e,
No. 54 55 56 61 62 65 66 68 69 72
m. b. p. 188 194 154 172 186 181 156 178 195
impulses (L) 22 18 0 3 13 13 0 14 20
(S) 22 21 0 8 11 15 0 12 24
c.c L 420 760 300 360 520 480 320 420 460
o) mean b.p
g0y T
B . 4 ° /.\
L[] * L]
.. . / .
150 . )
24 o freduency (sec) (L)
20 o
o
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phase (c).

p—t
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Fig. 27.
Diagram showing the process of the two steps fall and rise in pressure from phase (b) to

Note the regularity of discharge frequency corresponding to mean blood pressure change.
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Fig. 28. cardiac cycle length are appropriately equal.
Diagram showing the relationship between mean blood The upper four ; the Ist column shows cardiac
pressure and discharge frequency. The upper refers to large  cycle length, the 2nd mean blood pressure, the
spikes and the lower small spikes. 3rd discharge frequency of large spikes and the
Open circles represent number of impulses in primary 4th that of small spikes.
pressure fall, solid circles in primary pressure rise, triangles The lowest : showing the relationship between
in secondary pressure fall and cross marks in secondary mean blood pressure (abscissa) and discharge
pressure rise. Note linear relation between two steps pressure  frequency (ordinate).
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Table 12.
Discharge activity in phase (e) in comparison with that in phase (a).
phase (a) phase (e)
A e e N A
No. 36 37 45 46 group A group B
m. b. p. 185 185 190 188 187-189 188-191
impulses (L) 6 6 7 8 7-9 13
(s) 8 8 9 10 3-6 4-6

c.c l mean 380 360-380 580-600
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Diagram showing the relationship between mean blood pressure and number of impulses
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cardiac cycle length, another the group of 360-380 msec, (L) means large spikes and (s)
means small spikes.
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1
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Diagram showing the relationship between mean blood pressure and number of impulses
concerning seven selected groups from phase (f). Solid circles represent number of impulses
of large spikes and cross marks that of small spikes.
This relation is linear but more conspicuous about large spikes than about small spikes.
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Respiration in hypothermia (1)
Respiratory pattern and acid-base balance of the blood

e B #®  (Ueno-Takeshi) *

Mongrel dogs, under light pentobarbital anesthesia, were made hypothermic by immersing
in the ice water and then recovered to normothermic in the warm water. Throughout the
course of this procedure, the respiratory rate, tidal volume, pulmonary ventilation, alveolar
pCO;, arterial pH, standard bicarbonate (J¢rgensen and Astrup) and rectal temperature were

measured.

In the course of cooling, following results were obtained :

1) Respiratory rate and pulmonary ventilation, after initial increases, are reduced with
the lowering of the rectal temperature, spontaneous ventilation being arrested at the rectal
temperature of 25 to 21°C. Pulmonary ventilation shows the peak at 34°C and the restoration

to the control level at 27°C.

2) Alveolar pCO,, after an initial slight lowering, increases with the progress of

hypothermia.

3) Arterial pH and standard bicarbonate decrease with the cooling. The alkalinity of
the blood defined as cOH/cH (Winterstein) markedly decreases with the cooling. These
findings suggest that the acidosis observed in hypothermia is caused by the respiratory as

well as metabolic factor.

In the course of rewarming, all the changes in respiration and in acid-base balance of
the bloodassociated with the cooling disappear rapidly and completely. Ventilatory stimulation
corresponding to the initial rise of pulmonary ventilation in the cooling period fails to occur

in the rewarming period.
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Fig. 1.
Response of ventilation ratio to hypothermia.
VR : Ratio of pulmonary ventilation to control value.
—AC : Decrement of rectal temperature.
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Fig. 2.
Respiratory rate in hypothermia : respiratory rate (ordinate) is
expressed as the ratio of respiratory rate to control value.
—AC : Decrement of rectal temperature.
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Fig. 3.
Tidal volume in hypothermia.
TVR : Ratio of tidal volume to control value.
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Fig. 4. .

Dependence of ventilation ratio to respiratory rate and tidal volume
in hypothermia.
VR : Ratio of pulmonary ventilation to control value.
Tidal volume is expressed as the ratio of tidal volume to control
value.
Respiratory rate is expressed as the ratio of respiratory rate to
cotrol value.
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Fig. 5.
Alveqlar carbon dioxide tension in hypothermia.
— AC : Decrement of rectal temperature.
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Blood pH in hypothermia.

—0.0146/°C curve shows pH of the blood cooled anaerobically in vitro.
1/2 pPKw (pHN) curve shows neutral pH value at 20 to 37°C.

ApH : Increment of blood pH.

~A'C : Decrement of rectal temperature.
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An example of the data obtained from a dog cooled to respiration arrest.
VR : Ratio of pulmonary ventilation to control value.
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VR : Ratio of pulmonary ventilation to control value.
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CO, ¥+ 28K

HERORSE

Respiration in hypothermia (2)
Z0, sensitivity of respiratory system

s 5

#  (Usno-Takeshi) *

Mongrel dogs, under light pentobarbital anesthesia, were made hypothermic by immersing
in the ice water and then recovered to normothermic in the warm water. During this
procedure, several CO, response curves were determined with the appropriate time intervals
and were compared with the control curve obtained in the normothermia. Following findings
were obtained : The slope of the CO; response curve indicating the CO, sensitivity of the
respiratory system was reduced with the lowering of the body temperature and finally to

zero at the rectal temperature of about 26°C.

There was no increase in the respiratory sensitivity to CO; corresponding to the initial
rise in ventilation in the cooling period. Rewarming brought about the rapid and complete
recovery of the CO; sensitivity. Respiratory depression caused by hypercapnia was found
to appear at a lower pCO: level in hypothermia (27-29°C) than in normothermia.
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Fig. 1. Schematic representation of experimental setup.
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Fig. 2. Schematic representation of ventilatory response to hypothermia.
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Fig. 3.
CO, response curves obtained from a dog by repeated rebreathing method.
VR : pulmonary ventilation ratio.
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Fig. 4. CO; response curve before cooling (in normothermia).
These data were obtained from 7 dogs.
VR : pulmonary ventilation ratio.
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Fig. 5. CO; response curves in hypothermia obtained by the
10 minutes rebreathing method.
Figures attached to curves show rectal temperatures.
RW : data of rewarming period. VR : pulmonary ventilation ratio.
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Fig. 6. CO; response curves in hypothermia obtained by the
10 minutes rebreathing method.
Figures attached to curves show rectal temperatures.
RW : data of rewarming period. VR : pulmonary ventilation ratio.
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Figures attached to curves show rectal temperatures.
RW : data of rewarming period.

VR : pulmonary ventilation ratio.
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EBICiT 3 mechanoreceptor OFZE(CDOWT 612,794
F1H SEEHBMFBICEVWTINE

Responses of mechanoreceptors in the femoral skin of the toad
[ . Responses to various mechanical stimuli

CO -

=X P& (Gosui-Kazutaka)*

By recording from single afferent fiber of the R. cutaneous femoris posterior of toad,
the following properties of cutaneous mechanoreceptors have been found.

1) According to the situation of the sensory impulses under the pressure stimulation,
the discharge types of the mechanoreceptors in the femoral skin were classified as slow-
adapting unit, intermediate type and fast-adapting unit. The properties of fast-adapting unit
were very similar to that of intermediate type in some conditions.

2) Three units responded to touch stimulation of short duration, and the threshold to
touch and pressure stimulation of slow-adapting unit was larger than that of fast-adapting
unit and intermediate type.

3) Three units had different fiber diameter, conduction velocity and receptive field :
slow-adapting unit-fiber diameter 7-10 &, conduction velocity 10-20 m/sec, receptive field
50-100 mm?; intermediate type-fiber diameter 7-15 #, conduction velocity 20-33 m/sec, receptive
field 88-152 mm? ; fast-adapting unit-fiber diameter 10-13 #, conduction velocity 8-33 m/sec,
receptive field 66-144 mm?.

4) Latencies, the difference of conduction time by the threshold and strong stimulus in
three units were similar.

5) The stimulus : impulse ratio of slow-adapting unit, intermediate type and fast-
adapting unit to vibratory stimulus showed 1:1 up to about 20-25, 70-90 and 50-90 cps
respectively. )

© 6) On the higher frequency of vibratory stimulus the impulses of the off-response in
three units appeared, and that of intermediate type was remarkable.

7) The single nerve fiber of three units was able to response to 300~500 cps of repetitive
electrical stimulus at threshold.

8) The responses of three units to pressure, touch and vibratory stimuli were discussed.

[. # El

Adrian % X OF OWFAERED 25 HEGRE
® impulse #5045 Z LIt X Y, receptor M
- BEEERRLT, EREERORMEELHL

PR LTER, F#HOBRNE b oS OER
B ER TV 3210,

Receptor DEERB OB IFET 51203,
BEIC B 0 stretch receptor!D12 75 & N Hekk

* R AR (RS = #E)

TRERBT I B AR SR T (KA (RS — B +)

Dept. of Physiol., Tokyo Dental (ollege

Laboratory of Physiol., Dental Clinic, House of

- Representatlion

CPEAN384E12H 230 Z 142

BREBDVECOCTITORTEE L, #
INEBRREMERCEAL, B L TESBSR
REE L, receptor H K OHEENL, Zhic
AR LEREE OBEEERIT 52, HD v
X Pacinian corpuscle!®-2 DFEBRH I L,

receptor %Z 5yBEL, receptor &, ZHICHEERET
DM D BRBES L FERNE L TRET
BILEBEELVDODITTHS. LeLAEXD,

FENIC BT 5 receptor X, FORKEIB LV
JEBAAER L OSAAREE L Y, UNBRBOREA
LML, B —0 receptor & 7T 5
b CHREETH S, o T, receptor H
ROBEEEERRNT 22 L PERTHY,

FRE AR L 9 388% U 7z impulse @ FILREBIC X



BE—KBEIC BT % mechanoreceptor DIEEICDOWT 8 1 163

- T, receptor OEFMERERT 5N, 57
BEOLNTWBRETHS. &T, Adrian 23,
P DOTHT-7- & 5 7t antidromic preparation iz
X B B T 0 impulse & EEIT, BAE
BoebhsZ P nvrdThsn, Thi
FREROMBL L Y OFE, FIEEH AL 2 BB
L, BZE L/ unit 29BEL T, /N unit ©
CRBRERERZELRTYE. LELARS, Th
B DO FEFRMEK L, impulse OEV unit i
T LT EL, EROBHCHEA LLEEREE
DB LHHEDH, BEOKTHIHM, b
D VITIRFRE O AR OESITIIM unit DB
MIA A& T T, impulse DIEHIRBEA R C M
&7V, unit @ impulse ¥ Bl CHET 5 -
LHRERRFEL 220 THD. #-T, REM
e HE—BRHECETOMEL, 7o impulse %]
BI2ZL, IVEELVDHLIBRDOTHB.

Maruhashi et al.® 0 EEREERE T L0 Hkic
LoTEY, XL EERNICBIT BE x Dreceptor
PREEh T LEZORSB. L LA S
5, RIREOERTY, BYAERATIRAR
DHETHED 5 Tele DT, B OEE &
“impulse FEH L ORRY, LT LLHALMICE
Nz Fvene=L, o, SEE & &
unit 23, REHFEC 2L, ED0 XD BRER
LT ORI >V TIRMESRE LT v i
V.

AEERE M 0 impulse 28R L L
7z mechanoreceptor D 3L L, REICBIT 3
mechanoreceptor %, H{EL 7= RARIMIER
ZFRIAL TAR unit IZHHEL, 45 unit®
BB X OB 7o v 2 55k L 2 RET T 5
b, RIFIHZAEORMEE DHO M T
5EBOFIAT 72D TH 5.

I. % & 75 %

FEBREF ~ OKBBER X D 2 fE-BKBERE i #%
BEAE SEEERR L T1T 5 7.

1 IR KRR B iR i o AR Br it 0 & S5+
ML impulse DFHICLI-THRE L
mechanoreceptor DAFFEME L Lizh DT

Fig. 1.
Schematic figure illustrating the innervation of the
R. cutaneous femoris posterior in the skin of toads.
a : facies posterior, b : facies anterior, n : R.
cutaneous femoris posterior.
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Fig. 2.

Diagram of a stimulating apparatus for skin and nerve.
O. T. L. : mechanical stimulator (Qutput Transformer-Less speaker),
suppling the various pulses, R. E : recording electrodes, S. E : electrical

stimulating electrode, suppling the various pulses.

The skin and its dissected nerve are placed on the glass plate and
submerged in Ringer’s solution. A isolated single nerve fibre is insulated

by air gap between two glass plates.

F

Fig. 3.
Photograph of a stimulating apparatus for skin.

PW-20 A (O.T.L. speaker) supplies a rectangular pulse of various
voltage by electrical stimulator, .as A in right column, and the
movements of stimulating bar connected at the center of the cone are
measured by mechano—electric transducer, RCA 5734. B-E in right
column are voltages of the various movements showed by oscillograph.

F : time mark 1000 cps.
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Fig. 4.
The relation between displacement of stimulating bar,

mm of micrometer reading and stimulus strength,
volts to O. T. L.

Fig. 5.

The response of slow~adapting unit to pressure stimulation of leng (1) and short (2) durations

and touch stimulation (3).

Stimulus strength, volts to mechanical stimulator.

1-A : 3.5V (threshold), B:4.0V, C:90V, D:10V.

2-A 1 1.1V (threshold), B: 3.0V, C:85V, D : 8.7V, time mark : 50 cps.

3-A : 4.0V (threshold), B: 50V, C:6.0V, D : 7.0V, time mark : 1000 cps, vertical bar : 500 ¢V .
Fiber diameter : 10 #, conduction velocity : 19 m/sec, receptive field, 6 x 8 mm?.
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Fig. 6.
The block of the impulses by intense pressure
stimulation.
Stimulus strength, volts to mechanical stimulator.
A : subthreshold, B: 1.0V, C:12V, D:15V,
E:25V, F:4.0V, G : intense stimulation, H :
2.6V, time mark : 50 cps, vertical bar : 500 #V.
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Fig. 7.
The response of intermediate type to pressure
and touch stimulations.
Stimulus strength, volts to mechanical stimulator.
1-A:01V, B:02V, C:04V, D:10V, time
mark : 50 cps
2-A:06V, B:14V, C:15V, D: 95V, time

mark : 50 cps, vertical bar : 200 ¢V
Fiber diameter : 12.5 #, conduction velocity : 20 m/
sec, receptive field : 10 x 12 mm?2.

o impulse BA—BHECHERT L TH -
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Fig. 8.
The responses of fast-adapting unit to pressure
and touch. stimulations.
Stimulus strength, volts to mechanical stimulator.

1-A: 1.1V, B:50V, C:65V, time mark : 50

cps.
2-A:25V,B:3.0V,C:35V, time mark : 1000
cps, vertical bar : 500 #V.

Fibre diameter : 12.5 ¢, conduction velocity : 33 m/
sec, receptive field : 8 x 11 mm?



168

op

CTARBE, BRBIVCIREHICHE®RELZ K

CLERTHS. I-BRBLUCRBCTAHDL -

NBZ L < impulse 7% on 3 XN off-effect &
LT3+ 5,8, @70 intermediate type i
L+ 225, BiE LY & 512 adaptation KT
HBHT LEEEE Uk, 2 OfRIHIC X - TE
1 HDimpulse RFEH L7z DA TH -7z, ¥ unit
1% impulse DRBLRIES HHEZ 5 & Sunits
adaptation DFELRTH S unit LAhILTI &
BHEEZ L ELBNE. LrLEnb, Y
unit 2 LEOFHEEZ LOLDOTH LD, HBH\

‘ Fig. .

The responses of fast-adapting unit in fig. 8 to
pressure and touch stimulations at the sensitive
point.

Stimulus strength, volts to mechanical stimulator.
1-A:06V, B:12V, C:22V, 2-A:40V, B:
6.3V, C:9.0V, time mark : 1000 cps, vertical bar:
500 V.
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Bunits DM HEEHELEZLDOTHS.

MR OER, HEMER X U receptive
fieldo K/ LBz 31T, slow-adapting unit
1 adaptation O\ Md 2units IZH L, BEE
B, BERENECERE L2 LI L
Hi3k7-. Receptive field dK/MCDw T,
Maruhashi et al® OFEELAHEL, unit (O
PR AR R S hiz A 5 7z, Maruhashi et
al. ABEHH ORI TH B DT, H2DVILH
f7iz X % mechanoreceptor DFER L\ 95 HbE
BIRETHHLELS.

Intermediate type & fast-adapting unit OE
1%, {RMGEEE S X O receptive field 73 & b IC ]
¥l order ThH BT LiF, & EFiemfml,
i unit AED THEEIL#EEEE L OLOT
HBBHEVED.

B41033 X U111 slow-adapting unit, interme-
diate type X104 L 1¢ fast-adapting unit [X11
ORIPLIREE &, conduction time & DBFfRE L ¥

Table 1.
Properties of various adapting units about the mechanoreceptors (20-25'C)

Type ’c{;}s,cpﬁagé . Fibre size () gﬁggﬁf,“&‘ /sec) Receptive field -
Slow-adapting unit Tonic 7-10 19-20 50-100 mm?
Intermediate type Phasic (tonic) .- 7-15 20-33 88-152 mm?
Fast-adapting unit Phasic 10-13 8-33 66-144 mmg

3
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L7icbDTH 5.

/D%, conduction time 121X
& & unitiz BiF 5 RO KR
BHER X MEEEREOHEN
THICEBET 2biTTH 35,
BRME L KD BRERT D 2R
& @ conduction time NDFE %k
wdE, TOfEIE receptor D
BB T NVICEERE T B rREARAE
12, {mEMEO impulse # JKIR X
EHIET RHICGERI L fE
LHBT T ENRHKS.

K10 EREKS5 XY z2bhic
slow-adapting wnit K OVF i
7 X9 %2 5hi intermediate
type O JEIR X UMURIGREE &
conduction time & D% E Lo
Licb T, HIEK 8B IV
9 @ fast-adapting unit @} D
T, FMEALE 2 TR L.
BrC BT s REABEMRE LD L
b DTH5D, F unitiz >\ T
HRETT B L Aol o B AEREE
E 2 X % conduction time7s £l
WLy, EVEEXLOTETD
7z, WEEC X % conduction
time [Z A4 U B REEZ S 2
T3 Z LRk VR, R
OB ORI X - T, receptor
W HHT 2 BB ORHEEAME
BY2ZLerRT550TH
5LE2%. 3unitsfICIRIES
IUOMHBOREL, BREKRT
BRI L O D conduction
time DEF KAITE L 7-EZ L

HLz., LALAXD, Kl1o I & { receptive
field DR 572 2 HABXUB Tz bR
ABIUBRHEETZ L, BLVHENDSZ
EWbh o, LT, TZTTOB A, H
unit ¢ sensitive point ¢, Z DI LIXEHTA

XHEFTH 5.

o
T
-0

o/

Touch
\g B S
e \‘ Pressure

20 25(?)
5 10 15(T)
Conduction time(msec)

Touc%

Stimulus strength, volts to OTL{v)

o3}
)

[}

Stimulus strength, volts to OTL{v)
o
o} -
OO
/
( J

Y .
O Pressure
\Q\\.
o) Q\OW— L
0 10 15 20
Conduction time (msec)
Fig. 10.

Conduction times for slow-adapting unit and intermediate type
plotted to the stimulus strength of pressure and touch stimulations.
Upper graph : slow-adapting unit, lower graph : intermediate type.

Soh g2 T
8 P P e,
: % ;‘ o ’
s Yo, 50
b= Touch
5 bﬁha © o=
w Touch
2 P Pressure

ressure ————— o
£ "’0\00—0— X . 4_.—
@0 1 i5 20 25 30

Conduction time(msec)
Fig. 11.

Conduction times for fast-adapting unit plotted to the stimulus
strength of pressure and touch stimulation at A and B points.
The distance between A and B point in the receptive field is
5mm. A and B graphs are obtained from the responses to pres-
sure (@) and touch (O) stimulations at A and B point respectively.

B, BATOERI, ARDOLDIYARE
X OERRE O BIENME L, 7> conduction time
BEVEVHIZEELDLTVS, 2 [0HREE
23 5mmThHD, »OoY unit OEEFHE X
VEx, FRLUCHEESERECI S TELR
Lo LidELicd L, WAL X o T receptor O
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HEMIHET L0 TH S LEMBENG.

W R =0 ERICET 3 FEEEE it ©
conduction time ZEIE L, unit f{TELVHE
EN%H v fast-adapting unit X slow-adapting
wnit 1 B L, BMEE, BREKTH AWML O
conduction time DENMED T/ITHBZ L%
ERTV 5.

AERRE B LT, BREHBTH BT
% mechanoreceptor % unit DILFED A7z & T,
ZTOHERCLERDD IO LEZLOND.

B. & unit ORBFIBIC/UVTBHEICD
T

RIBCE2 b N REFIRERB I B %
mechanoreceptor (2 & - THREINBZ LD TH
BLEZONTVED, FEICRBT 34
mechanoreceptor DIEFRIBLICH 4 5 ZHDIKAE
B TSR B REARME X 0 SR O impulse
& U TSR LIRET L ER D T <.

Fig. 12.

The responses of slow-adapting unit in fig. 5 to

vibratory stimulus.

Stimulus strength (pulse duration 0.4 msec), volts to

mechanical stimulator.
1:6.7V (threshold of 10cps), 2:10.5V.
Frequency of vibratory stimulus, cps.

1-A : 5cps, B:10c¢ps, C:25¢cps, D :50¢cps. 2-A :
= 10cps, B:25¢ps, C:30cps, D : 50cps, time mark :

50 cps.

E—— KI5 mechanoreceptor DIEEICOWT # 1#H

£F, Keideld, 3.X 0% Catton® (I 4 =V D
BT, EhFEOMER R 2O OBRHEET,
mechanoreceptor DOIRENENEIZ 72T BB D
BEREELTCS. 8T, ZIRRBEOHKER
DREEF~S L, F =0 AERICEEREIC
xt L adaptation DK% b - TRET 5 slow-
adapting unit, intermediate type 35 &’ fast-
adapting unitA3FEFE L, ZH 5 @ unitid impulse
DB S P XU receptive field 0HRS I X V&
BRO A b THEBNLHRZRZ LOTLOT,
EEEIz 13 fast-adapting unit 3B XV inter-
mediate type »° slow-adapting unit X Y &#E
EOEHHMICEETSILTH 5. —F,
Catton OEBRFEEIZ adaptation D/PNTH B
type ¢ 73, adaptation DK TH 5 type a B X
Ub XY EHEE £ TINET 3 L, WEOR
Bl K L. KE i 81F % mechano-
receptor ML DEEDIEE £ TIHETH L0
OEL » 575, Keidel 13 69 cps Aoptimal
frequency T® % L3R, BOBERIC L - THE
>T, BHE 1-20 cps OHIEIEE impulse®
FHLLTVHEETH B LB L, mechano-
receptor & &fE unit 124G L COBFIIT
ST, A7, Catton [ unit %
Bk Z & < 3L, typea 35 X UMb %100~
200 cps, type c % 300 cps E TOHEEICILE
FTBLEWNR, ZZIERCTS, EREEOR
BleRELZEEPED OIS, EBRFIEOE
TR T e L, ERFMEOZ Lz 5 I EB
FORFRPRERT 52 LRERZ L TiED
573, unit [HIC BT 5 EMER L BERS, ER
FILX o THET S LEBEL bR,
WAL CTES W LR EECEEL, R
2%} % % slow-adapting unit, intermediate type
B XV fast-adapting unit DJFEIREEZ 5
P B ELbIC, WERECERE, &b
CRELESELZLDOTH B,
12ix slow-adapting unit OIEE)HEIZ 72
CTBIREE LD LbOTH D, AKX
5 LE—EATHS. 1iXBME (10cps) T
O.T.L. 0 &HEBIE 6.7V, 2 3BmELHEAL

!
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105V ThH 5.

1B IV2FEbICHEREEZ—EIZL, 8
BEDREFE L. £EEDEFDOHA~D
BMETITIESH O artefact T, I LIRS
3% A0 {EAY, unit @ impulse TH 5.
1?5 (A) KO 10cps (B) 23\ Tid it
impulse % 1%} 1 ORfRE b - THET 225,
25cps (C) e B &L5E8, IFBHOHIW L Y
impulse DOEEM4 T, 50cps (D) 2BV Tik
F1IBXIVC2FB ORI A L2 impulse D3
R Pr ol FlEREORTHBH2IIB VT
Ikl 587, Bl L impulse & OB,
BT 25cps (B) 28T %, impulse @
W75 <, 30cps(C) it - T ULHTED,
50cps IZB\T 1 D LREHERIREEICA 5 7.
HHBEL SOIC2 VBRI ED L, ko
T impulse O REIITFE L 72 BB 2R Lo,

Fig. 13.
The responses of intermediate type in fig. 7 to
vibratory stimulus.
Stimulus strength, volts to mechanical stimulator.
1: 0.5V (threshold of 10cps), 2:25V.
Frequency of vibratory stimulus, cps
1-A : 10cps, B : 15¢ps, C : 70cps, D : 90 cps.
2-A : 10cps, B : 50cps, C : 90cps, D : 150 cps,
time mark : 50 cps.

IO EFERBOBE LFRTH 2. KEy
FREIz 72 v+ 3 impulse OIS, B B HIEIR
EHEARICRCT, BMEOCWMKIZLY, HFIE
B3 HHEELVERTAEITH 72 Ll
M5, slow-adapting unit (3RS TEEE OR
BHRIC D ZEET 5L DO TH D b o
7.

X131 intermediate type DIRBNHIEIZ 72>
THRET, BRINTER—DLDOTHS.

1tk Wcps B 2BETH-T, O.T. L.
OBFEFIT 05V, 21k 25V Th3. BiE
BRLFRRIC, BECEARLEECAELESE
7z. 10 (1 A) £V 70cps (1 C) % Tl
%t impulse 13 1%} 1 OIRAEE Ld$ 2%, 90cps
(1 D) ix72 % & impulse [ZHIJE ST DO S FKH L,
PUF S Uz, HIBGREE & 88 L7z 2 A (10 cps)
BV TITRE LB 72\ L impulse 3 {E235%
WL, HECEMCIE-T, F2RIV3E

Fig. 14.
The responses of fast-adapting unit to vibratory
stimulus at the A point in fig. 11.
Stimulus strength, volts to mechanical stimulator.
1:6.5V (threshold of 10¢ps), 2:9.5V.
Frequency of vibratory stimulus, cps
1-A : 15cps, B : 30cps, C : 50cps, D : 60cps.
2-A : 15¢ps, B : 30cps, C : 50cps, D : 60cps,
time mark : 50 cps.
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B @ impulse XKD L, 50cps (2 B) i
BYTEEABCE-T, TALPERLEL,
- ZDOIREBIZ 90cps (2 C) & Tl 7z, 150 cps
2 D) IR\~ TRAEECYF o impulse DI L
PBEShAEVRREBE L 72, 2B, 1C (70
cps) BEW 2C (T0cps) LY AL R T &L,
¥ unit 13 slow-adapting unit X ) BHEE OIE
Bl b RET 5 ERE L L.

X143 X O'15i% fast-adapting unit OHEBNH]
Wicio T 3 EREBT, ZhEh OB
K141z 8, KIS LR—Th 5. o,
X8 B XV DEBRIAIF T bNFER,
EREOER L L, FEEOHERIZL T
LIRBRIKIC T I EREP RS 2 L 2R
BHLebDThB.

BJ14-1 1% 10cps e B a@ET O.T.L. »
AWBEIZ 65V THY, 21195V TH 5.
15 (A) X Y 50cps (1 C) F T3 Al iEEcs impulse
T 1% 1 OBRE LT, 60cps (1 D) ik

%L1 ORI k5 impulse 04 LB
ILD 5 7z '
LB WT, FrBkisAid, 15ceps X VKRB
BEEE B HEhN & & 30-40 cps STAEIC B &, B
LwFZ L < impulse DFEBLREBAET L, &
SICHEEOBINC L 5T C(B0cps) DT & H
U, impulse DFEBRMEHLLZ L Th o7, FIE
EEIIARMEELX—EICL, 10XV 400cps %
THEZENS E2he, MIPELEVT
EE, APVA Ve FADREIVIZLPDTH
DT, 30-40 cps ITHEE R LR & ¥ i,
BREDOENRD -7z LIZE L bR, receptor
OREEE P L LIHERD B X5 BEsh
5. LaLads, BELEORCSPVWTHDL
TR 5T iev. 2B(30ceps) KBV TiE 1B
(30cps) DI HABEHRBEIAEP T B
Er#EiiLz2i 28Ty, HEe impulse &
DAL 1 L EHRELE L S F 1D (60cps)

el 2 D (60cps) @ impulse $ias 2 fEEM

Fig. 15.
The responses of fast-adapting unit to vibratory stimulus at the B point in fig. 11.
Stimulus strength, volts to mechanical stimulator.
1:3.2V (threshold of 10cps), 2:50V, 3:12V,
Frequency of vibratory stimulus, cps
1-A : 30cps, B:40cps, C:100cps, D :200cps. 2-A : 30cps, B:40cps, C:100¢ps, D:
150 ¢ps. 3-A : 20 cps, B: 40¢cps, C: 100 cps, D : 150 cps, time mark : 50 cps.
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Licie &b s, ,
B151 B14 DA A & SmmpEh 7-sensitive
point IZEBIHME Ex R THS. 11X 10
cps Ik 3EET O.T.L. o&REEE 3.2V,
21X 5.0V b 312 12V Tha. 1HX
21T B VT 40-50 cps F THIELE %t impulse
F 1l oFFEE Lo 100cps(1C, 2C) i
BB LHEOBGI2H1IELE 2 Y, 1 D (200
cps) BX W 2 D (150 cps) i B\ TIZHIKAT
LF D impulse MRRBT BIREEL /2 57z,
2 D iz Tix, off-effect iz X % impulse D
FEE LB, EHEERMIC X5 off-effect |
DVTREBEETS. HLIMREOKTH S 3
R WTIZADI S HIEK L Eic 7z L impulse
2EENBFEHL, Lo T 40cps (B) 2B T
X, @ impulse i3 unit OFEHEEZ LD
L7z, LdLAds, 100cps(C)icd &,
% 5T 2D impulse B 1AL Y, 2o, 1
EHB & oMK LISET 2 REL 25T,
impulse DZBVREEIE 1C BI WV 2C LFEE
1275 57z, D (150 cps) i2 817 5 impulse %,

i Fig. 16.
The responses of fast-adapting unit in fig. 15 to low-
and high—-frequency of 5V, volts to mechanical sti-
mulator.

Frequency of vibratory stimulus, cps
A :25¢cps, B :50cps, C: 90cps, D : 600cps, E :
700 cps, F : 800 cps, time mark : 50 cps.

L 1D BXV 2D LEPLKETDH 5.

K14 L [FI5L DB B v T,
point DHEIZ L BEEH, BiE LY, IIE
BRI IRE TR v ) T k.

= = T slow-adapting unit, intermediate type
¥ X O fast-adapting unit OIEBFEIC 72T
BIGE %y —¥E+ % L, intermediate type B L
fast-adapting unit %, slow-adapting unit X ¥
EHEORBHBICISE L, T OBRAEEICE
WT#E%z B L, slow-adapting unit % 20-25 cps,
intermediate type i% 70-90 cps }% Ufast-adapting
unit % 50-90cps Th o7z, Fiz, REFK
DHBFICBCTH, ERB L UCMIHOSEE LR
&1z intermediate type & fast-adapting unit &
BEEBL LI E Dok v ) & L AR

100 cps E TOMHEENICIBVTIX, £ unit O
BRI IC 2T 38R, ThZhiirdL
WwWHZLTHTk.

X5z, BHEEOKRENEE unit IKARL

sensitive

Fig. 17.
The responses of a single nerve fibre of slow—
adapting unit in fiig. 5 to repetitive electrical
stimulation of threshold.
Frequency of the stimulations. A : 150 ¢ps, B : 200
cps, C : 300cps, D : 400 cps, time mark : 50 cps.
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7eHA SRE Lz, 16150 wit XD 2
bR TH 5. HFEHRER O.T.L. AWE
FE 5V T, 25-800cps ETOEENEZ LN
Tw3. A(25¢cps) LD C (90cps) ¥ T, BE
WCEB Lz & 5 7z impulse 23FELL, 2Rl
£ off-effect iz X 5 impulse DRI T, Hls
ENB X O o7, on B I off-effect 137

EEC XY, ET, BnTsEm E b 25,
unit iz B BHRBERBENT, Lo it
D-F 2 LT X5 uiEE LoTHAERS L
STz,

Sensory unit O HEARAEIX receptor L R
i, WEERAHREELSLOTHE L VDRT

V52 slow-adapting unit, intermediate type

| 2
A;m’umnm,{mummg,-_-‘.- :

Fig. 18.
The responses of intermediate type to vibratory (1) and repetitive
electrical stimulation (2) of just threshold.
Vibratory stimulus is applied at the sensitive point on the skin {1) and
repetitive- electrical stimulation at the nerve trunk (2).
Frequency of the stimulations, cps
1-A : 25¢cps, B : 30cps, C: 40cps, time mark : 50 cps. 2-A : 100 cps,
B :300cps, C:500cps, time mark : 50 cps, vertical bar : 500 #V.

Fig. 19.
The responses of fast-adapting unit to vibratory (1) and repetitive
electrical stimulations {2) of just threshold.
Vibratory stimulus is applied at the sensitive point on the skin (1) and
repetitive electrical stimulations at the nerve trunk (2).
Frequency of the stimulations, cps
“1-A : 50cps, B:80cps, C:100cps. 2-A : 200cps, B :400cps, time
mark : 250 msec.

B X O} fast-adapting unit @
REHIIC 72T B )IRE0E
1%, 20-100 cps DIRSHEA
T, BHEETEFCLVEY
5 FFEEE,LLATH, ZH
FROF unitOERICHRMED
BEER 7 HEPEE LTS
Lz, L LA
5, ZZ Tk, receptor IZHR
B E AT & BB ORRE
JEEE L, PRFICBERE O
MR LBERRIMAR 2 B2 72
oA LB HBL, ERLL
lEEY BRE L.

&17i% slow-adapting unit
O FRERRME O BRI 72
THEREE LD L bDTH
%. RIBGRETHEEES 10 cps
DRRMET, FRH L impulse &
i 150cps (A) BV Tix 1
xt1o%&% L, 200cps
(B) XU 300cps (C) it
% & impulse OiEE A,
400 cps (D) iz 33\ T A
L L L, RkSRE
BRI Y, Z OB AR
50 cps T, ﬁﬁ%‘@%bﬂ:*@ﬁ)f
ELh ST

[211.8 i% intermediate type @
BAETHY,  1I1XEME 10cps
BREE DIEE) H I & sensitive
point iz, 2 /ZBRE (10 cps) 58
FEDKEE U ESHIE & PR
52, 2bRicE—aEX
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DORETHB.

1 A, BBXOCIZ25, 303 X 0'40cps T,
2 A, BB XUCIZ 100, 300 3 X (8500 cps T
H5.

1BIV2THZ L, WETHHEEN
BEETHHILHBDDS.

191X fast-adapting unit DS THEFICE
GELREXLDLTWS. 1A BBIVC
150, 803 X% 100cps DIEENHIE, 2 A B X
UBiZENZFh 200 3 X 400 cps DR L D
BRABIC L 2BETHB. 1 BLU20KE
TEHEEZEDOKRTH B Z L IIHROME unit @
%é & I"ﬁ]t%“@ 35) (o) 7z.

1 A-C DOEBTITH LN D AROBITIRS)
K > artefact TH 5.

AREIC BV T, 4 unit OFHRRMEDS L
D XS BHFEE FCINERRET, o, EORIL
DVTOEBMEDERZ L 5 Th A2V Tk
RIS CTH 20T, =z TRV, iR
B BERREE © 300-500 cps D ESKANKIC =
TINE L X, & uit ORBFIMOISEDER
2, BB 2ERED ThRVEEZ ORI,

F 72190 1 1% fast-adapting unit DEREE]
IRENFNMARIC X 5 impulse OSZREES B
B Lzb0ThBH, KEECBCTIZA
(50cps) AL BT T L, HEE L impulse &
11 OBEBRE D - TERBEIRE T2, A
EoEIMC X 5T, FOBEIERESh, unit
DIREIFIBIC X 2 RED LR ORMEREE LY
THhorwz 5,

Fast-adapting unit® @G riékic X 2 RE LA
OB LEREOERXD D7, LE uwit DL
LRPlOREREE L Lic.

Uk, ¥=oRE-% K BREMEEAEAZ A
Vv, WERIZ BT B mechanoreceptor % adaptation
% H#e )z LT slow-adapting unit, intermediate
type ¥ X O\ fast-adapting unit IZXK 4L, JE,
P X UIRBIEIMIC 72T 2 I0EK BB & B &
L, Sunits DMtz Be L, Z0RERERE
Liz.

V. & 3

 Receptor IZHljl# 735 2 &5 7235 impulse A3
sensory unit DOMHERARMEIC X o TKIMEE~E
BroiomEsh, »LT, 2ZTEDLD
BREEPRER L2 RET 5 L, ERH
D THEEER 2T, S5 BERICE
TRAFRETHH LIS EF LRV, Lk
LEDRS, fEH#% cE+ % impulse pattern
LRE L 3 EELEHRAH Y, impulse pattern
DIRBEPEREEOE —HEHAL NI THL O
ThB Lz 52, &RJED mechanoreceptor (T
DWTHEL OERFIZLY, impulse DFFE
PEMBICLT, BxhwmithRHESH, 0,
ZORMERHL PSR TS, ERELICE
- T43¥8 5 u7z mechanoreceptor @ £5- unitid 32
B EOMRL b CICBROARICEE L TK
AT, LT LE—F LT, Fessard
& Segers (1943912 A, B L A,, Maruhashi,
Mizuguchi & Tasaki (1952)® i3 tactile 38 L T8
pressure ending, Loewenstein (1956)9 % tactile
3 X U stretch receptor, Catton (1958)®i% type
a, b#kXUc, Hoglund & Lindblom (1961)10
I% very rapidly-adapting receptor, intermediate
form 3 X X less rapidly-adapting receptor {24y
FTwBERERLDOTHS (5B, ZOBE
XA =y, O B B1) % mechanoreceptor
IZIRE L72).

ETC, FEBREFC X > THEEIN unit &
FREFREESE S5 2 L LT LL AT
WX 7223, unit & adaptation DR/ LD, 2
KAIL, & unit OAEERL S KB
BEMERFSLTEREV) ZERHNS.

AEERIT, slow-adapting unit, intermediate
type 3 L O fast-adapting unit iIZ[ X4y L, BRIC
HEILBWTERI L, EBREMERSIC
FE LD HREEEEFIAE L, B X
Y impulse # FFETHHERC LY, & uwnit D
JE, fhd X OIREIEBIC e T BB e AT L
7eDTH 5.

Slow-adapting unit (& 5) 1% Maruhashi et al.
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oy

@ pressure ending 35 L % Catton @ typec ¥
Y % Hoglund & Lindblom @ less rapidly-
7 adapting receptor IZZYT 5L DL Ebh3 D
DTHBHH, impulse DEFEIF/HE L, 2o
adaptation 2332 <, EAFPOLEEBFEL,
off-effect 1% adr o7z, 72E L, BRIC LY
B B after discharge DRRE2HZZ &L
Hisk 7.

Loewenstein (% adaptation ® 35 %\ receptor

i3 short duration DFREIEICIZEE L vER
NRTWBR, F5-3TLHTITL Ml unit i

BL, BEXKTIED -7 impulse DFIHE
BB LR,

L, BRERS, BN KT, 20 adaptation ©
5B\~ receptor (2, short duration DFRFIE D&
TE B2 7-OTE, MR IC impulse % FEEH
FE L ABEORE %, receptor ICERE LD
WLV ZLbdYHIBEI5CEL DR
To. KREBESRE-1 R A BV T, XK unit
EHOBEZR Mo unit I2H UEBD TEY & v
HBELED - T3, ¥ unit OMREHED
ERMIz, SHREOBOXMEICLS b
DTHBH, GOFHLPIC L TR,

Intermediate type (¥ 7) i% Catton @ type a

3 L 1% Hoglund & Lindblom ¢ intermediate

orm ELFBLDELELZHNB. Catton I
bita X VBEMECLVI ZLERRTVS
N, REBRICBVWTY, intermediate type #%
fast-adapting unit X Y BEMEWEEE L - 72,
Impulse OE &I AE L, ER I UAHIEIC X
R L, o oon BEON off-effect iz X B4
#d 5 impulse DFEFE LDTLOTH -7z,
~ Fast-adapting unit (B8, 9) & Catton @
type 2 8 X' Hoglund & Lindblom @ very
rapidly-adapting receptor %+ 353 DL
Zbhd., LHLAXS, Rl 3 fast-
adapting unit » intermediate type DOER, &
BHES L U8 receptive field DEERIL7Z A8 &
U fast-adapting unit ¢ receptive field dsensitive
point H¥ C intermediate type & KB L A7z
RERAZbNBEZA LY, [ unitdX453HE

E—— BT I 5 mechanoreceptor DA DWT 58 1#]

HTHEETHB L ELBNB. T2liL, Caton
OHFCD LY, Zhbd it OEFRIHIC
FCTAREORERE LR LI E VS EEIC
kv, typec CWHEPLEZEEELDTHOR
fast-adapting unit & KB L, FE; flds L TRE)
Rl T 3B BEL TH0DIT T
5.

B L Y impulse ZFFEBEL
Maruhashi et al. OERFERIE, RUHFHBCX
PAEBRERICHEELEHEFZILOLE
% 7073, impulse OREFREOLE LY, Kb
» unit ZWAT 5L, FIEFEOEY IR
H L, unit O&FRMED % impulse DFHEHISH D
¥, phasic, tonic 3 1 T8 semi-tonic DX 457
DEENLH LIc L, AERTRIHERLEL
BMLIZLS oz

3units # HEsRSHT % L adaptation D\
unit 3BV unitk VRO ER K, [REHE
HRTH 7. L LAMNS, receptive fieldd
F/MCE L TiE 3 units I CHERZEZRHL
2ol

Receptive field 0K & i3 BREFHEOKKRIIZ
B AHRLEEER DB L2 HOT, 3units
0 receptor fEiC bR RHELRH LIZ v
TEERBTAELOLVRS. ‘

Whitear?D % 7 = )V ZJE D receptor & A F v
VIN—TCREL, FOFRBEHALACLTY
555, [FEc ka2 corpuscle & b
o T B R T receptor X R ¥ P oTe & v 5T
Wb, ’

¥ 7z, Loewenstein {Z receptor ¢ adaptation
a)j(/j\ 1% receptor HAKIC BT B ABHLER L
w3 XY, LAMMEHE HRCER LD
DTHBERNTVSB., LArLEN B, slow-
adapting unit 35 X ¢ intermediate type D L
VEHER b 5 IR EBRIBEENEIC L 5> TD
Bz bhic L ixE 21z < L, adaptation DR/
% b o 72 {8 & O receptor (21, HREAYILAHRD
HBHLOLEAZEINHIDIDM, Uk LigH
5, BRCHRE L~k &, EERCRT S
receptor DAFFEME b AHEARME D impulse 12 X o
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THRET 5 Z & 72 <, receptor H{EKDRERE
FEEMCHL 2T LIt kb adhiEE
RCO receptor [ OHE DAL DR LA Lk
WEWHZLThHB.

Mechanoreceptor M 3EEIHIIK & 52 AT % rece-
ptor TH B LERPLEZLNTVED, 2
¢ mechanoreceptor %, & 5z slow-adapting
unit, intermediate type unit, fast-adapting unit
RS L, Zhb4 units AIREHIEIC Yo X
SRINEET o ERANT 5 Z L, RERIK
BAOBME B LRI T 500 THB L\
Z 5. B, REFBUCIRE T 5 receptor X
adaptation DK T3 % Pacinian corpuscle T
% LEEER U e BRI B B 10020021022)28)29)

L Z A, Pfaffmannd®, $5K20 K Ok 128
1%, Pacinian corpuscle DFEEL &\ VHEFHIR
I, DNEMREIZBT 5 mechanoreceptor 37
BB ISE T s Z gk Tv 5. PEnE
REBET 5 LIREFIE L 2 AT 5 receptor ik
Pacinian corpuscle @ %7z &3, 1> mechano-
receptor b EIRRAIZE R THZ NS, DL
LixZ QRmMBM O GFMZAROKRN T, KF
{2 31F % mechanoreceptor DIRENFIEIZ 723
BISE DX, MEnMmEL B ARy, Hx
Wiz B NT H = D JEIZ 3 1) % mechanoreceptor
o T oRE S R {, Bk, Keidel
BIU Catton OEBRPEZOLNDZIOBRTHS.
KeideliZ h = VD Eic sine wave DOIEENHIEK
2Bz, ZOREEHRGHED impulse THIE
L, optimal frequency X 69cps Tdh -7 &R
~, L2»L, #0OfERF wmit K X-T—ELRE
iz Lo&ERvEbvsTyb. AR, Z0Z
L i& mechanoreceptor H1iZ I ZIRENH] ¥ i 72 »
L, &Y Ric+ 5 wmit bEAZTIRTVZO
T, HRABZLThBILEALLNB. Cattonid
BTNV OPEREI R} 5 mechanoreceptor % type
a, bBXWc kAL, & unit OREFIKIC
Ot BINERBEL, typeec BaBXUb X
Y, E7bid a XV EHEE ORSFREICRE T
5 LEFRIT 3, CattonD43FH Uiz unit i
200-300 cps DHIEIHE L, Keidel DfER &

FELVERDBL v 2 5. KOERITHER
XY impulse RFEFBZHEEL S TRBD
<, EEHE S impulse & OERE R ST B T
ERLTMLL, ZORMEL, FEsRELL O
WHHEZHESTE, SORHEELR- TR
N23dH 5. £ unit © impulse DEH], JFHER
mz X sREECR R, BTORS A »
summation {1 X % unit OETHD, RSB EBT
% impulse DB X O/, unit @ impulse %
R4+ L ORBEOERNEL » T b h
. AERICBT2HE—MRID 2 DM g
BEOFEOT IS 2, & KEEHRY
DEBRICBVTHEETD -1z

Slow-adapting unit }%20-25 cps; intermediate
type X 70-90cps B X O fast-adapting unit i
50-90cps & THIBHHEE T 131 2 Lo L,
Catton DR T3 I L & 200-300 cps DIFE
T AR RHE &R WT, o, Catton
DOREE LMK L, slow-adapting unit it inter-
mediate type 38 X (! fast-adapting unit X ¥ {&#F
EEOIRBIRIBRIC LA L dr 5 7. Catton D
type ¢ 1%, slow-adapting unit [ZfHY T3 H D
Th DY, HEEOMENRMCEETH LS
»h, REZRBOKFEL L -2 wit THD
Lz 3., ¥ unit Mt mechanoreceptor X
Y EHEE ORI/ LTRELL TV L
VWHZ i, EHITRHOKMBDBZLEEDbR
.

AREBRICHER Lz unit 1%, B TEBRE,
{LEERRIEIC XRE % L & 72\ mechanorece-
ptor ThH 3.

K20z z DfRFEtE L LIcfERTH S, Al
BARAVRIB (1eps) DR LEIIC 73 205
%, BiEEE 25°C % 10°CimR L, Cix10°C
WHLRRTH Y, EROTORMT 3 ik
Y —I 28— XHEERFOREE LD L
72bDTHBH. DiZ10%EEE Ringer ¥ % T
DEFF O LY DT, FEIERE LD
BETHY, LEEBROKTH, B O Ringer
WRCEMEL, AL FROEBIRIEEZAKFSE
BLIFERZONDZLEELL O 2. €



178 HE—FEIIT 5 mechanoreceptor DIEZEICOWT £ 1%

T, AEBRICI B unitid 3 THEAR AR
N ORBICIXSELEVLEDTH D L\ V2.
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Ringer#§i%iz L - TH DIC BT B HER L Ffks
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C G T L

D R T T T e T TR TR T T

\\ II

Fig. 20.
The responses of mechanoreceptor to various stimuli.
A’: mechanical stimulation, B : thermal stimulation,
warming from 25 to 35°C, C :thermal stimulation,
cooling from 25° to 15°C. '
The thin lines in B and C show the temperature
change of the skin.
D : chemical stimulation, 10% acetic acid Ringer’s
solution. The lower line shows the application of
acetic acid solution on the skin.
Time mark : 250 msec, vertical bar : 500 #V.
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Fig. 21.
Calculated fiber diameter distribution in R. cutaneous
femoris posterior.

(21 b KRR P2 I 12 4B 3 % B KB B s
FEBRICHER L7oMiBs & = L7eEARIc & o
Tz b, BEOKEDER MNFATH
5.
HREMME 135 A L OERRIE L Ebh s b
D2TAT, EFRHEIREERT LD L.

MG T FAR U7z unit 13, AEBRICERM
BThBrLELOND. EALTTHRERLL
IBOSIRT 5 &, KBBMEE oM T 5k
P 5-16 ¢ DK & @ b ?1% mechanoreceptor {Z
BlEL, Zofick T slow-adapting unit i%
7-10 p, intermeciate type % 10-13p O K& %
b 0% units BHDHEV R D.

20, IRENFIEICHT 5 unit OINERERE
DK\ adaptation DK TH B unit B, BHEE
CRRLZBDEVD Z Lk,

R C R LOBERAIME 52T, 2D
IWEEBET L, AiES L 300-400cps
T L, 10-100 cps DIREIFIM OKEFHAIC B
F 34 unit [0 RE ORI RERRME O BRE
WM ZROBERCIERLECI LBALNE
ol

£ unit o receptor EICIREIRIEIC /2T 5
REOEEAN YO L kG TEEY LY LN
L0 OREEE, £ unit 5o adaptation DFEE
CEEL, Mo TEELMETHILELLN
5. W ki, EEPN® mechanoreceptor dHIZ
MREECRERR v E 250 LR TRER
X oT, FunitOF THRELZLRL, S
45 LE2bN5 receptor potential DT [+
DR, K& SBIURRERHEOEDS unit ]
A bR, Zh b OEBREHEIICKH T % unit
DB CHEZRSEREL 5 L BELT
W5,

BN 317 5 mechanoreceptor M IRENHIEL
2723 B 20T Eyzaguirre & Kuffler!Dds X
U 2D A35R N7 & & & ERO R B unitfi
CHEETHALOTHB LB LT,

V. #& E ]
A= OREBER & 0 PG - RBR Bt L A
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BAERR L, B X Y impulse %358
3 FEIC X 5T, FREIC BT 5 mechanoreceptor
DE, ik X CEFHBC v T 3 IREERER
LickZh, ROBERE ZT.

1) FE#lEic 7=+ 3 adaptation DK/ L
Y, mechanoreceptor % slow-adapting unit,
intermediate type 3 k(% fast-adapting unit @
3units X4y L7~

Intermediate type & fast-adapting unit (X Hg
THEEL#EEEEZ VY, 2 OXFIEHKT
hr ol

2) 3units {% duration 4\ RFEIREICRE
T 5. BB X UMEKIC o wT 2BER slow-
adapting unit |% intermediate type 3 X Of fast-
adapting unit 1 Y KCTH Y, AHIEIC L - TH
B+ 2% impulse DOFIIRMECEVCEKRKTH -
<.

3) 3units DT ERS L MEEHEZ R
iz L, slow-adapting unit {¥ 7-10p, 19-20 m/
sec, intermediate type & 7-15p, 20-33m/sec
B X, fast-adapting unit i% 10-13 g, 8-33 m/
sec Tdh - T, adaptation DK TH 5 unit {&
INEB D DICHLT, BEOEENL, REH
EMREVE S 2 L AH#. Receptive field
{3 slow-adapting unit % 50-100 mm?, interme-
diate type X 88-152 mm? 35 & UF fast-adapting
unit % 66-144 mm? < 3units FDOE S LVAHE
éliﬁ.ﬂj éﬂf&ﬁ’o 7z,

4) Hi|pkaE & conduction time & OBI{RIC
BT, BMELREKRR DML © conduction
time TO3EiT 3units B2 BT L 2 REE
ZL® L.

5) Slow-adapting unit X 20-25cps, inter-
mediate type {% 70-90 cps 3 X () fast-adapting
unit % 50-90 cps * THIlEE %t impulse %1
X1 OEEE L L.

6) 3units IXEMEEOEEHRIKIZ LY, off-
effect # L5 EE & D, effect ZEEDPK
Vv~ intermediate typelic 3\ CHHE TH A HFAE %
Lo L.

7) % unit OEFEMHEICRBT AEELOE

SRR ISE T 2 HEDOHEDN I,
SRR A 5 7

8) Slow-adapting unit, intermediate type 35
X U8 fast-adapting unit DJF, #lE X UIESH]
Bicio T 2INEOHREH LML, TOM
ROBELEZR L.
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