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Since Gasser and Erlanger (3, 4) published their extensive experi-
ments on the relationship between the conduction-rate and the diameter
of the nerve fibre, there has been a large amount of work concerning this
problem (Blair and Erlanger, 2; Zotterman, 15; Pumphrey and

- Young, 9; Hursh, 7; Gasser and Grundfest, 6 efc). The method
adopted by these investigators, except for Pumphrey and Young who
studied on invertebrate’s nerve fibres, consisted in analyzing the action
potentials observed on the nerve trunk. - Although these previous resnlts
seemed fully convineing, it seemed to us still worth while to re-examine
this relationship on vertebrate’s nerve fibres, since if is possible for us to
record action currents of artificially isolated single nerve fibres and to
measure the eonduction-rate and the fibre-diameter diveetly on each fibre.

In the preliminary experiments, we have investigated the relation

* between the strength of induetion shocks and the shock-response interval.
The- relation between the threshold and the fibre-size was also investigated
in this connection. We have further examined the relation between the
internodal distance and the fibre-diameter on the bull frog’s nerve fibre.

. The work described in this paper was done by Tasaki in collabora-
tion with Ishii and Ito. But several other members of the Institute,

_especially Kano and Kobayashi, have aided in carrying out some part
of the work. Maruhashi has also aided in preparing photographs. We
express our deep gratitude for their assistance.

| Method.

Isolated single nerve fibres of the Japanese Toad (Bufo wvulgaris) or
of bull frog (Rang cateshyona) were used. The procedures of igolation and
experimentation were similar to those deseribed in previous papers (Tasaki
and others, 11, 13, 14).

Single nerve fibres were isolated from the tibial nerve at the region

near the gastrocnemius or ﬁexor digitorum museles. The: ﬁbre~dnameter
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= bween two pleces of gla:
des of Zn-?nSOpnger gelatme gel tvpe (F in the f
dipped in two pools and were led
a 4-stage resistance-capacity
coupled amplifier (A), .
.The major portion of the
ve trunk of the preparation
s suspended in the air by
ans of silk thread attached to -
:proximal end of the nerve.
_or two pairs of platinum
rodes (P) were placed on the
~and were connected to the
sondary coil (of which self in- L . o .
“ame was 0.1 or 04 Henry) Fig. 1. Diagram showing the experimental
: mductormm Induction  Arrangement. N, nerve; P, platinum elect-

: '. rodes; I, inductorium; R, resistance:; Ry
 shocks were delivered to the nerve 50 (or 500), R, 300 (or 500) Kilochms: C.

by IOPemng the Pm“}ary circuib of . oncer of 2 microfarsds; E, non-polariz
e inductorium with a Helm- 'able eleetmde A, amp]lﬁer .
~holtz pendulum. The strength

‘of the shocks were regulated’ by means of the preusmn resnstance (R)

“inserted in the primary circuit,

o The action currents of single fibres were amphﬁed 1—=5x10° times
d were recorded with a cathode- -ray oscillograph. Horizontal sweeping of
> cathode-ray was executed by discharging a condensor through an appro-

_ priate resistance : the charging cireuit of condenser was opened with a
knock-over key of a Helmholtz pendulum and the discharge was com-
menced, and the current thus produced was amplified and was led to the

efl tion-plate of the eathode—ray tube. Flgures on the screen of the tube
wa photographed with a * Leica 7. '

The roomntemperature was between 20 and 25°C

Results,

th and the siwck-mspome interval. It is well-

m, 'val between the shock-artefact and the action

. reduces as the str gth of the induction shoek applied to the nerve
nereased, For a more exact quantitative examination of the relation

: een the shock-strength and the shock-response interval, toad’s nerve :
'ﬁbres, entering into the gastroenemius muscle, of varying sizes were used '
' forder t0 prevent undue spreadmg of the stlmula,tmg current the secon-
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. On the Relation betoveen the Conduction-rate, the Fibre-diameter ctc,

dary coil of the mductomum, the platmum electrodes and the pr
of the nerve were insulated as carefully as possible. ' i

In all (seven) cases the threshold of the fib
during one series of recording action currents whic
minutes. Fig. 2 shows two examples of the results. In the; ﬁgure
- reciprocal of the shock-strength is plotted linearly in ordinates against
shock-reaponse interval in- abscissac; In barely supraliminal stim
the shock-response interval showed marked variation. When the s
strength was slightly increased above the threshold, the shock-resp
interval was distinctly reduced and became stable (see Semes 1 .of
rhotographic records) '
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Fig. 2. Experimental results showing the relation hetween the shock-
strength and the shock-response interval in single-fibve preparations.
Conductlon—dlstance, direction of . the -induetion ‘current and the fibre-
dlameter are shown in the diagram in each case.

Inc;tability of the shoek-response interval on threshold excitation
also be demonstrated when the action current is led directly from ft
of stimulation, but in that case the effect is less marked than in th .
shown in Fig. 2 (Tasaki, unpublished). The reduction of the she
response interval by increasing shock-strength seems therefore p
referable to a greater condu@tlonvrate in the region of nerve ‘near
stlmulatmg electrodes. '

(2) The shocknresponse mterval and the cowducmon—dzsmme, The sciati
tibial nerve of the toad has a length of about 129 mm. Inductlo - sho"
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‘ ‘The conduction-rate .
bre to ﬁbre but in each ﬁbre the 1mpulse was conducted . constant
"te along the whole length ’
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Fig 3. . Demonstration of Imeamty of the nervous

cbnductmn m 3 smgle nerve ﬁbl"f“ Dlameter of the
fibre, 8 . : :

dmtwn‘mz‘e tke threshold and the ﬁbm—dmmetm In thls
- of experiments '
1solated from the , e o aion t‘above he gastrocne~
hen . tw ve Rbres of just the same size or of widely
solated from a nerve trunk, the prepara-
asurement, as the use of such a prep: atlon
amblgulty mto the result (see Se

Material may be protected by copyright law (Title 17, U.S. Code)



‘nerve: at
ts of the
1e shock-

measure-
;ure that
increases
red. from
constant

In this
zle fibre
strocene-
I widely.
Jrepara-
paration
ies 5 of
1easured

ue were
e shock-
nholtz
3¢ inter-
1 taken.

On the Relatwn betw- '

_The length of the nerve was m "sured a,f'er observa,tmn of the
current, by hanging the nerve in the air a 1d and bring _ng‘ it
- by a scale. The room t ' X

In: Fig. 4. the conduc "onnrate 131 ‘pldtted 'm ord .atéb against th
diameter. The sample was 43 fibres of varying size. Isolation of a
ﬁbre of a small size (below 6 /A) was relatively dlfﬁcult - but, when a

a4V

“m/sec

i1 1
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Fig. 4. Conductwn vate V. (ordmates) plotted against ﬁbreadlameter D
: Data from 49 @lngle fibres of the bull frog. 24°C

of this size was successf Hv 1s01ated we never fauled to obs
current of the ﬁbre. ‘ e
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It is clearly seen in this fi
tistical sense, proportionally
tion between these

uation showed that the slo
was 0.146. In other words,
- and the ﬁbre—‘-diameter D co
“ g - . V=0146D. o
- _ Fig. 5 shows the relation between the threshold strength ai

_ diameter. In the ordinates the reciprocal of the threshold stre

resistance in the primary cireuit of an induetorium) was plo
. were of those fibres used for the measurement of the conduction-rate,
~ but several cases (in which an inductorium of a different type was used)

1/s
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 Fig. 5. Reciprocal of the threshold strength 1/8 (ordinates) plotted
against fibre-diameter D, Bull frop’s single fibres.
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On *thé Relation betWéén the Cdndu xon‘-iva;te,-‘: the Fib‘re—diameéer ate.

were excluded The mterpolar dlstance of the platmum electrcxde'

2.5 mm.

Fig. 6. Dlstance between two nelghbormg nodes of Ranvier [ plott,ed agamﬁt
ﬁbre—dna,meter D, Data from 100 ﬁbr% of the bull frog E
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of Rdnwer mcreases‘ proportlonally as the fibre-diamet
ave attemp‘ted to examme thls relatmnshlp on bull fro

trunk .
' Flg ,6 shows the result ;. the qample was 1()0 fibres of varymg size.
e coeflicient of correlation between the fibre-diameter and the internodal

stance was 0.62. The linear rela’txon between these two valu.es could be
expr ssed bv the formula :

L—z 05D,

W ere L represents the internodal dlstanee (in mm) and D the fibre-
dlameter (in z).  The coefﬁuent 2 05 was determined by the method of
‘Verage equatmn '

(5) Observation on mult@~ﬁbre prepammons In a pleparatlon in whlch
everal nerve fibres Were ety uncut m the operated region of the nerve,
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ing size.
ternodal

. Om ‘.t‘he Relation betwee ‘onduet Fibre-dinmeter ete.

a strdng:iridmﬁtioh_ sihock 3 . to the nerve gvakasf muitiplge resp
corresponding to the number of the - nerve fibres. When the stre

of the shock is reduced step by step, the responses of the nerve fiby
out one after another. maller fik ' :
action eurrents at longer shock-response intervals,

‘and their responses drop out when the shocks are made weaker.

was practically no exeeption to this order in dropping out of the res
it was concluded that the wide variation of the thresholds in the
shown in Fig. 5 was due mainly to the variation in the amo
conpective tissue which surrounds the nerve {(see Series 2-4 of th

graphic records). : : .

Fig. 7 and Series 5 of the photographic 'récords demonst;

difference in the conduction-rates of two nerve fibres in a preparatio
. strengths of the induction shocks were slightly greater than the f

alues for the second (i.e. the smaller) action current. In esc

shock-response interval increased with increasing conduetion-distance.

Discussion.

The experimental results above described showed that (a) the co
tion-rate, (b) the internodal distance and (c) the threshold for ind
shock vary regularly as the fibre-diameter. In the next place, we .
diseuss the relationship between the fibre-diameter and other characters of
the nerve fibre. S , . L

d) The internodal conduction-time. The above stated experimental

results (Figg. 4 and 6), showing that both the eonduction-rate V and the

internodal distance L vary proportionally as the fibre-diameter D, indjcatés

 immediately that the internodal conduetion-time is independent of t
~ fibre-diameter. From the two equations relating V, L and D for b

frog’s nerve fibres, we obtain
' - P=L|V=0071,

 where T represents the internodal conduetion-time in milliseconds.

nervous transmission from a node of Ranvier to the neighborin
effected through re-stimulation by the aetion currents ‘developed
node, the i odal conduction-time vepresents the latent period in .

_tion of a node by action current of the neighboring.* It is now econcl lo
 that this latent period is independent of the fibre-size. '

‘e) The threshold of the node. Though the threshold stren,

 with electrodes placed on the nerve trunk varied as the fibre-diame

5), the threshold value measured with elestrodes dipped in
Ringer on both sides of the ridge-nsulator (i.e. measured g
applied between two - boring nodes) was found to vary only sligh

2 the fibve-size, The change in the threshold in the experimental result

"
gl

Material may be protected by copyright law (Title 17, U.S. Code)



distance as the
rodes placed on the n
ternodal distance of large
odal segments are involve

e two electrodes. It is clear that, when the potenti

ied across several internodal segments, stronger shocks

tte the fibre (¢f, Tasaki, 1), : i
D The absolute strength of the action current. The fae

L fibres the internodal distance is short, makes it difficult

rately the maxiniym strength of the action current i

width of the ‘ ridge-insulator” can not be made much less

however evident that the action current is weaker in s
larger fibres (see Series 2-5 of the records). An ion is
sived  that the aetion current varies linearly as the fibre jameter,

e “rapid motor” fibre of the toad (about 11 # in diametar), the
eak value of the action ecurrent was about 2x10° amp, and in

 the toad’s “slow motor” fibre (about 6 4} it was about 1x10°? amp.
saki, 12), : o

\s the internodal distance decreases linearly as the fibre-diameter, the

ance of the axis-eylinder hetween two neighboring nodes of Ranvier

d increase directly as the diameter. From this it follows that, if the

~electromotive force devoloped at the plasmic membrane of the node

maximum value of 100 millivolts regardless of the fibre-size, the

- current must decrease linearly as the fibre-diameter. &

) . The duration of the action current and the absolutely refractory
viod.  The action current of a nerve fibre, ~observed after application of
concentrated narcotizing solution to the portion of the nerve in

di ight) pool of Ringer in the experimental arrangement of Fig. 1,
temporal configuration reproducing the course of the electromotive
eveloped at the plasmic membrane of the node. The duration: of

ch " mononodal ” action currents varies inversely as the fibre-diameter.

- the toad’s rapid motor fibre (11 &) it lasted about Lbmsec. and in the

ter fiber (6 #) it was about 5 msee, long (Tasalki, 12). o -
: refractory period seems to have, as A 11 (1) has
» a duration appoximately the same as the action
-he refractory period of the rapid moter fibre of the toad was
msec. and that of the slow ‘motor fibre was 5 to 9 msee (T asaki,

1rcosis. We have re-examined the old experi-

ger(5) showing that the smaller fibres were

han the larger. A dilute nareotizing solution

> urethane-Ringer or 0.1% cocaine-Ringer-) -was applied to ‘the

erve trunk of a multi-fibre preparation. The length of the narcotized
egion wag 5 to 15 mm. The experimental result we obtained showed that ‘
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2) The relatlon between. he eonduictxon»rate V (m m/sec) and
ﬁbre dlameter D (m My W‘a‘s :(:ound 1o be expressed by the formula V= 0

' 5) The mternoda,l cond etion-time was in bull frogs nerve ﬁbres 0'
‘msec., regardless of the fibre-diameter (24°C). - .
5) The relation between 1eshol<i strength and the ﬁbre-sme was
investigated. Lo .

Thls resea.rch was made poszuble by a grant—m -aid from the Depart-v
ment of Educatlon

o References.
Adrian, E.D.; J. Physml 55, 191 (1921).
2) Blain, B A & J Erldnger Amer. J. .hysml 106, 524 (1933)
Erlanger, J. & H.8 Gasser: . Fleetrical Swns of Nervous Aectivity,: Phlladalph'
' Unwersnty of Pensylvania Press 1937,
H S. & J Hrlaj ger: Amer' J Physiol. 80 532 (192")

Kuho, M. & : ;Collec‘bed Papers, ‘;Tnb‘ute to Prof H. stkawa, p.
. Kyoto, Japan e
Pumphrey, R . Y 1L Exper Bml ‘15 453 (1938)
- Takahash mp.. B E
 Tasaki, L
2) Tasaki, ‘Jokenhansh : . , s
3) Tasaki, I & T. Taken P ‘s A (141
g ' & J 183 (1943).

Material may be protected by copyright law (Title 17, U.S. Code)



	On the Relation between the Conduction-rate, the Fibre-diameter and the Internodal Distance of the Medullated Nerve Fibre
	Method
	Results
	(1) The shock-strength and the shock-response interval
	(2) The shock-response interval and the conduction distance
	(3) The conduction-rate, the threshold and the fibre-diameter
	(4) The intermodal distance and the fibre diameter
	(5) Observation on multi-fibre preparations

	Discussion
	d) The internodal conduction-time
	e) The threshold of the node
	f) The absolute· strength of the action current
	g) The duration of the action current and the absolutely refractory period
	h) Susceptibilityto narcosis

	Summary
	References




