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Receutly it was showl (Gn.rxIr 1956 a) that, aftet tetauizatiorr
of intact muscular afferents irr decerebrate cats, the single-fibre
stretch reflexes activated through the sarne afferents were poteu-
tiated. Instead of one or a fet- reflex spikes from the isoiated
motorreurorles, there low fol]owed a whole series of them, some-

times for as long as stretch was maintaired. A state of spasticity

- by defiuition an exaggerated stretch reflex - was thus created
by tetanization, arrd further tests shorveil that a sequeuce of rrat-
ural or adequate impulses had the same potettiating effect, pro-
vided that its frequelcy anil duratiol were great euough for this
purpose.

Now, since the gamma system by its actir.ity causes the muscle

spinilles to discharge long-lasting series of intpulses at high fre-
quelcy, the motor neurones cau be "labelled" by such spindle
inrpulses and siugled out for spastic behaviour or moilerate
facilitation, as the case may be. These facts raise a uutnber of
problems one of which will be dealt with in this paper.

When ventral horn cells have beel made 'spastic' in this
fashion, will they all behave in the same way or will sorne of
them fail to respond iteratively? It was clear fro:rn the.earlier
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r{lI
Controls

Iris. l. Sinsle ventral root {ibre. Tonic type Samples of origiDal recor.ls of stret(h
reiiexes nrscrted within gr&ph in vhich or:rlinrtes sho1], number of impdses de

livere.l in resporse to striich and abscissac time aflrer tetanization }eriod (bla.k
oblons), rrec;ded Ly two observations on numLer of impulses in cortrol s-irctch.
liecor-ri tirken duri;q tetaDizotion period tusexted above blocli olrlong. In this
:rnd succcssive figures the record du ng tetrnization is cui to indicite time of

I sec. Xtyogr:rph record bclow stretch rcflc\es.

the tctarrus, the foJlol'itg oues at irrterva]s of 10 sec. In this manner
the risc and fall of the post-teta c poteniiation was folloved to the
eud by photographic recortling. When no potentiatiou occurrecl ihe
experiment could bc carrier.l out by inspection.

ResuIts.

1,- TLao t'lpes ol wlxbal lprn' cells. Fig. 1 illustrates a vertral
horn cell that during control stretch respolded with two im-
pulscs. Tetanization brought out alother ventra] root spike, uot
activatcd by stretch. It is seen that after the tetanus thc number
of reflex spikcs rose to 17, stretch beirg discontjnued rvhcl no

more impulses werc heard in the loudspeaker. Thus the index of
the effect is total numbcr of spikes' Brequency is less ac'lequate

90 s"c
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Iig. 3. Ventral root filameut lviih two active fibres (small and large spike) shof'
ing theil stretch reflexeB (ffi in preceding figurcs) Delor€ (ulper) and a/ler (lower'

gralh) decortication of ccrcbcllar flntcrior lobo by suction.

Exceptiom from this rule of thumb lvere found among the tonic
cells some of which gave a brief phasic response in the controls
(as e. g. the intensely touic spike of Iig. 4). This is easily under-
stood since, if for some reason or other excitability of the ventral
horn cell is low or if autogenetic iuhibition is present, post-tetanic
poteutiation will be needed to forcc the ccll to sustained ac-
tivity.

A few cells dischargcd permanently already to coltrol stretch
so that total number of spikes (our inclex) from the beginning was
infinity. In these cases an effeot of tctanization could be seen in
the increased frequeucy of discharge. By our index these cells
could not be classified.

Our rnaterial cotrtained 3 o/o utclassified cells, 16 ]'o cells il-
tensely tonic after tetanization (a specimcu ln Fig. a),28 o/o

touic and, as stated, 53 o/o phasic cells.
This distribution cannot be held to be significant for au extensor

population. To be sure, tonic cells were found in all cats but
sometimcs it was necessary to make a search for theu. Phasic
cells provecl easier to find (see also belol,, sectiou 3 on fibre size).
The most important limiting coudition would seem to be the statc
of the animal, rl. e. amount of extensor tonus. Post-tetalic potel-
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Iig. 3 illustrates an experiment of this type. Thc filamcut ustd
ccutaircd two efferent fibres, one discharging a large spike lrom
a phasic cell, the other orre a small spike from a tonic ccll. Bcforc
tlccortication of the arterior lobe thc small spike gave verv
modest potentiatior, two spikes in the control and three durirrg
tJrc optimum of poteutiation. The Jarge spikc failed to be iri-
fluenced by the prececlirrg tetauus. After the operatio:r the snall
spike rcsponse rvas 20 spikes in the potentiatcd state, rrhile the
Iarge spike ouly respolded tu.ice. Similarly in the other cxpcri-
rrrcnts of thc sarle kinil tlere was after tctanizatior a shift of
leve1 uprvards accornpanicd by an expalsior of scale which onl1-

scrved to emphasizc the fuudamental diflerclcc between cells
capable of supporting postural reflexes from muscular affercnts
and cells irrcapablc of doing so even uncler optimal conditions.
here for colvenience called 'tonic' and 'phasic' cells.

2. Irerlu,ency ol tetonizal,ion. An intensely potcutiatccl cell is
illustrated in llig. 4 from an experin,ent in rchich frequency of
the tetarizing stimulus was lorver thau usually, only 220/scc. It
is interesting to rrote that this cell gave both a rapid phasic a:rc1

a slow tonic dischargc of which the first one alonc was visible
in the control. Such exceptions from the rule that most tonic
cells also in the controls had oue or a ferv plateau spikes (at 10
rrm stretch) may sometimes be due to an unfavourable balalce
between excitatory and inhibitory impulses from the muscle re-
ccptors redressed by thc facilitation in thc potentiatcd state. By
our crilerja rlris cell is highly lorric.

Some systematic experirnents on frequency of the tetaniziug
stimulus proved that beyoncl 200/scc. this factor was of little
importance. The following figurcs arc from a typical case: a cell
which respolded rvith two spikes to control stretch bcgar to
show definite potentiation rvith 5 spikes at stimulus rate 115/sec.
for 10 sec.; at rate 130/sec. it ga-re 22 spikes, at 200/sec. 50 spikcs,
at 320/sec. the same number, which was rnaintaiued up to tetan-
izilg frequencies around 500/sec. 'I'he agrcemeut betwccu our
figure of 200/sec. and LJ,oyD's (1949) value of the same orcler
rvith the molosynaptic response as inclcx of potentiation may
well be fortuitous. The rnonosynaptic index measures Dumber
of subliminal frilge ncurones addcd by potcntiation, as tested by
synclrronous shocks. l\re are measuring total nunber of impulses
of a singlc active neurore stimulated adequately by strctch.
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0.2 0,( 06 08 l0
Retotive omount ol potentotion

tr'ig. 6. Dirgram rcfeDing to si)r ventr.rl root fitamcnts niih a pair.of spikes in
resfonse to stretch, one large, the othex smoller, the laiter hatched. Rciative spiJre
size nnd relative amourt of potctltiation plotted in terms of & mariimrm of 1.0.

for this reason our corclusions are wholly based on conparing
simultalcous spikes of clifferent size in the same filamcnt.

'Ihere rvere a uulnbcr of experiments in which good isolation
of a pair of spihes of different size rvas the successful net result of
clissection. Thcse har.e becn collected in the diagram of Fig. 6.
Tlie larger spike arbitrarily has been givcn size 1.0 and the maxi-
mum potentiation of the smaller spike siurilarly a potentiatcd
value of 1.0. Relative size and relative amounts of potentiatiou
havc becn plotted iu terms of these maxima. It is sccrr tirat there
is less potentiation il the larger spike of a pair.

Tinally Fig. 7 is a plot of results with a filament in which
three clearly discernible spikes were obtainecl. T]reir relaiive size
is givel iu the inset, the nail figure illustrating the amounts of
poteltiation obtained, rvhich is seel to be less, the greater the
spil<e sizc.

It is concluded that there is a definite tetdency of the tonic
cells to discharge spikes il smallcr fibres than the phasic ones.
The interpretation is that large cells are more likely to issue large
fibres and hcnce that fibre size is au ildex of cell size. Thus thrl
niajority of the tonic cclls would be grouped amorg the smaller
alpha motor cells of the veltral horn.

4. Spike lrequency tluring tetanus. lf the failure ou the part
of the largo cells to firc repetitively in response to stretch fol-
lorving tetanization were due to inhibition from muscular afferents
or tendon organs, one rvould expect them to be morc easily sup-
pressed by tetanizatior, at least if Golgi tenclon orgaus with

1.0 0I 06 0.4 0.2

Retotive spike size
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Oue further advantage of potentiation is that this state by no
means is unnatural. It was reccntly Bhowit (GRANrr 1gb6 a) that
tlic effect which here has bccl obtailcd by mcaus of a::r electrical
tetauus also occurs after natural stretch of sufficient iltelsitr.,
Tlris rncarr* ihrr the grrnma s;.tcrn will bc of paramourrr irr,-
portance for tonic cells because, activated by the brain stcm
(Gn-rxtr and Ke.E re 1952, Er,nnro, Gneum anil llpnror; 19b3,
GneNrr and Hor,uennN 1955) this svstem may set up long-lasting
stclo. oI intolse activity from tbc rrrusrle spirrdles succondn,l Li.
post-tetanic potcntiatiol. The present work shows that thc
spindle loop acquires a differelt orclcr of significance depeudirrg
upol whether its influeuce is directed towarcls touic or phasic
cclls. Only in the former case can it exercise its full effcct ou
postural reflexes. The tonic cells, as it were, provide tIrc ,i.cr,isott

il,'6tre lor thc tonic gamma control from higher levels. At the
same time the gamna control, on account of the presynaptic
nature of potentiation, will label ventral horn cells oyer thc
spindlc loop, as explained in the introduction. It is .well known
that spastic patients may appear normal, unless tested by stretch,
when a potentiatcd state of thcir ye:rtral horn cells is reyealetl.

The amount of stretch is a factor of considerablc importance
fu that thc tonic motoneurones oII the whole seem to requirc less
tcnsion (elongation of musclc spindles) tlan, at least, the largest
phasic ones. In the prcvious paper (Gnexrr 1956 a) low tension
(: small amounts of stretch) was used irr at attempt to avoid
reflex spikes ilr the controls ald dernorrstrate potentiation bv the
sudden appearance of a tonic discharge to stretch after tctaniza-
tion. It is, however, a problern in its own right, as yct wholly un-
soh,ed, to elucidate the diiTercnce betwecn tonic and phasic
ventral hom cells from thc point of view of the variations in af-
ferent irput.

It is not lccessary to overenphasizc the correlatiorrs betrveen,
on the one hald, phasic and tonic motoneurones, on thc other,
thcir relative spike sizes from which rve ]rave infcrreil that the
tonic ncurones tend to group thcmselves among tle srnaller alpha
ventral horu cclls. Such biological classifications generally tend to
go rvith a considerable regiou of overlap and transitioual forms.
This, however, does not dctract fron thcir significancc.

Though not found in mammals, subdivision of yentral lour
cells into motoncuroues for phasic aud tonic reflexes may r.ell
explain sorne amphibian results (Bnnnon and l\{or,oevon 1gB4).
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