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1944 ARS NOBELPRIS 1 FYSIOLOGI OCH MEDICIN

tilldelades den 26 oktober 1944 gemensamt

JosEpH ERLANGER och HERBERT SPENCER GASSER.

Om Erlangers och Gassers arbeten har professor RAGNAR GRANIT
(Steckholm) meddelat?:

(Translation, p. 32.)

Tre stora elektrofysiologiska upptickter kan betecknas som milstolpar i
utvecklingen av var kinnedom om nervernas fysiologi. I mitten av foregiende
sekel, langt innan Alfred Nobel gjort sin storslagna donation, visade Du Bors
REvyMOND, att nervimpulsen var en elektrisk negativitetsvig, som fortplantade
sig i nerven med en hastighet, vars ungefirliga virde i en hel nervstam férst
mittes av HELMHOLTZ. Den andra stora upptickten belénades med halva nobel-
priset 1932. Detta var ApRrIans iakttagelse, att sinnesorgan och nervceller ur-
ladda sig med salvor av sidana impulser, som i de enskilda tridarna ha en for
varje trdd konstant storlek, men 6ka i frekvens, ndr retningsstyrkan okas.
Populirt talat bombardera sdlunda nervcellerna varandra med kulsprutesalvor
av impulser; ju starkare retning de utsittas for desto flera skott per tidsenhet.
Iysikaliskt dr bilden bristfillig, men om man férstirker impulserna och leder
dem till en hogtalare, si later det verkligen som om en kulspruta vore 1 aktion.
ERLANGER och GASSERS upptickter bilda en grupp, som markerar ett liknande
stort framsteg.

Ar 1907 uttalade den svenske fysiologen GuUSTAF GOTHLIN antagandet, att
tjockare nervtradar leda impulser snabbare #n tunna. Basen {6r detta antagande
var THoMPsONS formler for kabelledningen. Dirmed forelig en arbetshypotes
som fysiologisk férklaring till den bekanta omstindigheten, att enskilda nerv-
trddar variera i tjocklek fran brakdelar av en tusendedels millimeter till nigot
dver tjugo tusendels millimeter. Sannolika skil {6r riktigheten av denna upp-
fattning limnades av LApIcQuUE och hans medarbetare ar 1913. De slutgiltiga
bevisen gavs av ERLANGER och GASSER i miirkliga arbeten mellan 192z och

! Radioféredrag den 10 december 1944.
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1934, mirkliga bade med hinsyn till teknik och rikedomen av nya resultat. Det
gick, sisom sd ofta i experimentell forskning, att den klara insikten om att
impulsens vandringshastighet bestimdes av nervtradens tjocklek och utbild-
ningen av en elegant elektrofysiologisk metodik for detaljanalys av sadana
problem blev upptakten till en experimentell utveckling av stora matt. En
ricka nya upptickter f6ljde pa den férsta, och genom ERLANGER och GASSERS
och deras medarbetares arbete viixte smdningom fram en helt ny och exakt bild
av de enskilda nervtridarnas egenskaper. De skenbart enkla kablarna visade
sig vara ytterst mangsidigt differentierade i funktionellt hinseende. P4 grund
av att nervtradar i sista hand blott iro utskott pa nervceller, si ha deras resultat
utomordentlig betydelse for det centrala nervsystemets fysiologi. Denna om-
stindighet maste sirskilt beaktas vid virdesittningen av ERLANGER och GaAs-
SERS arbete,

ErLANGER och GASSER visade, att nervtridarna efter sina egenskaper kunna
indelas i tre huvudgrupper, den forsta dessutom ytterligare delbar. De tjockaste,
A-tridarna, ha hos diggdjur ledningshastigheter frin 5 till Too meter per se-
kund; C-tradarna, som iro de tunnaste, leda med hastigheter under 2 meter per
sekund. Diremellan ligga B-tridarna med ledningshastigheter mellan 3 och 14
meter per sekund. Med ledningshastigheten, men ingalunda alltid parallellt med
denna, varierar en ricka andra egenskaper. Bland dem kan nimnas: retnings-
tréskeln, impulsens utstrickning 1 tiden, dess stigningstid, latens och storlek,
den pa impulsen féljande oretbara eller refraktira perioden, impulsernas kéns-
lighet fér kviivning och tryck pa nerven, och sist, men icke minst, vissa i tiden
mera utdragna vixlingar av retbarheten, som félja effer impulsurladdning.
ERLANGER och GASSER angav ocksd pa vilket sitt detta rikt differentierade
system férdelade sig olikartat ver ryggmirgens in- och utgdende rétter. Smirt-
sinnet visades till exempel i stor utstrickning betjinas av fina tridar med
langsam ledningshastighet, muskel- och beréringssinnena av snabbt ledande
tradar. Kroppens muskler innerveras ocksi av snabbt ledande tradar.

I centrala nervsystemet fa impulsernas tidsforhallanden utomordentlig be-
tydelse for de olika systemens samverkan. En eller nigra fa tusendedels sekun-
ders tidsskillnad mellan ett systems impulser i forhallande till ett annats kan
betyda, att en bana 6ppnats eller slutits fér impulsens fortsatta vandring fram-
at. Det tillhér dagens arbetsprogram att reda ut dessa komplexa forhallanden i
nervosa centra,

Med sin vackra metodik éppnade ERLANGER och GASSER senare nya linjer
fér forskningen dven genom detaljstudium av retbarhetens férandring, efter
att en eller flere impulser ndtt ett tviirsnitt av en nerv. Deras intressantaste
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resultat var upptickten av ldngsamma variationer i retbarheten vid en sidan
snittyta, dit impulser anlint. Dessa forindringar av retbarheten, som sirskilt
studerades av GASSER, kunde gynna eller himma efterfcljande impulser, och
de visade sig dessutom sammanfalla med langsamma negativa eller positiva
variationer hos nervens elektriska spinning. Sidana refterpotentialer» hade
visserligen tidigare iakttagits, men GAsseR klargjorde deras sjalvstindiga natur
1 férhallande till impulsen och visade 4ven, att de betedde sig olika i nervtra-
darnas olika huvudgrupper. Férestillningen om nervtridens méangsidiga diffe-
rentiering utbyggdes dirmed p4 en mycket visentlig punkt, som 4r av sirskilt
stor betydelse {6r férstdelsen av det centrala nervsystemets fysiologi. I detta
spela lingsamma potentialvixlingar i forening med variationer i retbarheten
en stor roll. ERLANGER med sina medarbetare studerade retbarhetens f6rind-
ringar under inflytandet av konstant strém. Ett av deras mirkligaste bidrag
till frigan om nervtradarnas differentiering var pavisandet, att kinselnerver i
manga ‘stycken hade andra egenskaper in rorelsenerver. Kinselnerverna
kunde littare bringas till urladdning av impulser och satte upp mindre mot-
stind (mindre »ackommodation») mot impulsbildningen. Aven denna upptickt
pekar langt framdt och ger rika utvecklingsmdjligheter.

Nédr ERLANGER och GASSER 1 dag lyckénskas till 1944 ars nobelpris i fysiologi
och medicin, s& kan man siga, att deras verk visserligen icke direkt sprungit
fram i fix och fairdig gestalt, sdsom det tillgick vid Pallas Athenes fédelse. Men
sedan deras férsta analys gett dem nyckelordet, si har upptickt fogats till upp-
tackt, tills en dag det blivit klart fér deras kolleger Gverallt i virlden, att en
ny, stor syntes skapats inom nervfysiologien. En ny lira har grundats. Den
bygger pa nya fakta, den ir pa en géang finslipad och brett utbyggd och stéder
sig pa en misterlig teknik. Den nya liran ligger nu till grund for all fortsatt
verksamhet inom bdde det perifera och det centrala nervsystemets fysiologi.
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THE 1944 NOBEL PRIZE FOR PHYSIOLOGY
AND MEDICINE

was awarded, on October the 26th, jointly to

JosEpH ERLANGER and HERBERT SPENCER GASSER.

The following account of Erlanger’s and Gasser's works is by Pro-
fessor RAGNAR GRaNIT (Stockholm)!: '

Three great electrophysiological discoveries can be regarded as mile stones
in the development of our knowledge of nerve physiology. In the middle of
the last century, long before Alfred Nobel had bequeathed this great fund to
the world, Du Bors REyMOND showed that the nerve impulse was an électrical
wave of negativity transmitted along the nerve. HELMHOLTZ made the first
measurements of its average speed of propagation in a nerve stem. The second
great discovery, rewarded with a share in the Nobel Prize for 1932, was ADRIAN'S
observation that sense organs and nerve cells discharge whole series of such
impulses. In each individual fibre the nerve impulse is of constant size but the
stronger the stimulus, the greater the frequency of the impulses discharged
along the nerve. The nerve cells, as it were, communicate with each other
by a kind of machine gun fire. This description of the mechanism isinadequate
from the standpoint of physics but otherwise illuminating. And, indeed, if the
impulses are led to a loudspeaker over an amplifier it does sound like machine
gun fire. The discoveries or ERLANGER and GASsERr constitute a third step for-
wards.

In 1907 the Swedish physiologist GusTAF GOTHLIN made the assumption
that conduction velocity in thick nerve fibres is greater than in thin ones.
The basis for this view was W. Tuompson’s formula for electrical cable con-
duction. This assumption gave a physiological interpretation of the well-known
fact that the individual fibres of a nerve stem vary in cross section. Some
fibres are less than o.ocr mm in diameter, others just above o.c20 mm. La-
PICQUE and his colleagues, from 1913 onwards, published some papers in which
indirect evidence in support of this view was advanced. In a series of re-

! Broadcast lecture delivered on the 1oth December 1944.



33

markable papers — remarkable in respect of both technique and wealth of new
information unearthed — ERLANGER and Gasser proved this hypothesis to
have been correct. As so often happens in experimental sciences, the additional
steps necessary for full clarity as well as the development of an elegant new
technique, heralded an experimental expansion of great width and significance.
The seemingly simple cables turned out to have been endowed with a high
degree of differentiation. Since nerve fibres are to be regarded as extensions of
nerve cells these results are indeed of extreme importance for the physiology
of the higher centres such as the brain and the spinal cord. This fact should be
given especial consideration in appraising the significance of the work of Er-
LANGER and GASSER.

ERLANGER and GassER showed that the nerve fibres, according to their
conduction velocities, could be divided into three main groups of which the
first, group A, could be further subdivided. The thickest mammalian fibres,
the A-fibres, conduct impulses as fast as from 5 to 100 metre per second, the
thinnest, the C-fibres, have conduction velocities below 2 metre per second.
Between these two groups there are the B-fibres with conduction velocities
from 3 to 14 metre per second. A large number of other properties of the nerve
fibres vary with the speed of conduction, for instance, the duration of the
impulse, its rate of rise, its size, the duration of the inexcitable or refractory
period following each impulse, the threshold of excitation, the sensitivity of the
discharge to pressure on the nerve and to asphyxia, in short, an array of pro-
perties connected with impulse conduction all of which need not vary in an
exactly parallel manner. ERLANGER and GASSER also showed how this highly
differentiated system with its three main types of fibre was distributed over
the in- and outgoing fibres of the spinal cord, the so-called sensory and motor
roots. The perception of pain is largely mediated by very thin, slowly conduct-
ing fibres, muscle sense and touch by rapidly conducting fibres. The muscles
of the body are also thrown into movement by fast fibres.

In the brain and the spinal cord the time ratios of the impulses are of primary
importance for the cooperation of the nerve cells. A difference of 0.0c1—0.003
seconds in the time of arrival of impulses means that a given path may be found
opened or closed for their passage onwards. Problems of this kind belong to the
present-day programme of experimentation in these fields,

The admirable technique of ERLANGER and GASSER scon showed them a
road to new discoveries, chiefly concerned with the changes of excitability that
occur at a nerve cross section at which impulses arrive. The arrival of one or
several impulses to such a region was found to be followed by slow changes of

3—452228. Les Prix Nobel en 1g40—g4.
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excitability which were associated with slow changes of electrical potential,
studied in detail by GasseRr. These changes of excitability enhance or depress
succeeding impulses. Such “afterpotentials’ had been seen before, but GASsSER
and his collaborators demonstrated their independent character and showed
that they behaved in a different manner in the three main types of fibre. The
concept of a high degree of differentiation of the nerve fibres for their different
tasks was thus again supported by a new group of facts. These are of particular
importance for the physiclogy of the central nervous system. A prominent
feature of this region is interaction between excitation and inhibition in close
association with slow potential changes. ERLANGER and his collaborators devoted
themselves to an analysis of the changes of excitability in a nerve influenced by
a constant electrical current. One of their most important discoveries was the
demonstration that sensory nerves in many respects differed from motor nerves.
The sen-ory nerves had, for instance, lower thresholds of excitation and they
put up I ss resistance to impulse generation (less “‘accommodation’) than motor
nerves. This fresh contribution to the differentiation among the nerve fibres
has far-reaching consequences.

When to-day ERLANGER and (GASSER receive the 1944 Nobel Prize for their
discoveries concerning the highly differentiated properties of single nerve
fibres, it might be pointed out that their achievement was not born, fixed and
armoured, in the manner of the birth of Pallas Athene. But no sooner had their
first result given them the key word than discovery followed hard upon dis-
covery until their colleagues everywhere in the world came to realize that
a great new synthesis had been born to nerve physiology. This synthesis is
based on new facts, well hardened by a masterly technique cementing them
into a groundwork on which will be erected whatever structure the future has
in store for the physiology of the central and peripheral nervous system.

Stockholm 1046, Kungl. Boktr. P. A. Norstedt & Soner





