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Summary. This paper gives an account of single Purkyn~ cell responses when 
three types of mechanical stimulation, as in the previous paper, are applied to the 
forefoot and hindfoot of the decerebrate unanesthetized cat. Attention was con- 
centrated on the effects of brief mechanical pulses to the footpad. Recording was 
extracellular by glass microelectrodes and special precautions were taken in 
identifying the spike responses as being due to a single Purkyn~ cell and in 
securing its effective isolation for our computer averaging techniques, as described 
in the previous papers. All Purkyn~ cells were in the ipsflateral anterior lobe in the 
lateral vermis or pars intermedia of ]obules I I I ,  IV, V, except for a few recordings 
in the extreme rostral zone of lobule VI.  

Mechanical pulses or taps evoked responses from many Purkyn~ cells which 
were pure excitatory, pure inhibitory or admixtures thereof. The latencies of 
onset were usually in the range of 12--20 msec from the onset of the tap, which 
tends to be a little longer than the observed latencies for mossy fiber responses 
described in the preceding paper. There was often a considerable difference in the 
sizes of the responses evoked from different pads of the same foot, and the usual 
threshold for response was below 0.2 mm amplitude. Durations of responses were 
usually 10--20 msec for excitation and 50--100 msec for inhibition. 

Pressure pulses to the central foot pads of 2 sec duration evoked a wide variety 
of responses: brief phasic at "on" and "off" that could be admixtures of excitation 
and inhibition; almost pure tonic excitations or inhibitions that  were well main- 
rained during the 2 sec; phasic-tonic responses in various relative degrees. Usually 
500 g was maximally effective and the threshold was below 100 g. 

Hair receptors were stimulated preferentially by brief air jets, there being brief 
excitatory or inhibitory responses much as with taps, but with rather longer 
latency. The effective area was usually fairly extensive over the hairy skin of the 
foot. 

In general the effects on Purkyn~ cells by cutaneous mechanoreceptors acting 
via mossy fibers were in accord with the mossy fiber responses reported in the 
preceding paper and with the well-known excitatory and inhibitory effects that  
are exerted by mossy fiber inputs on Purkyn5 cells. 
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Introduction 

I t  was first shown by Adrian (1943) and by Snider and Stowell (1944) that  
various kinds of cutaneous stimulation evoked responses in the cerebellum. These 
initial investigators were more concerned with utilizing these responses for somato- 
topic mapping than in at tempting to make an analytical s tudy of the manner of their 
production. Indeed, although there had been much subsequent investigation, the 
genesis of potentials by the cerebellar cortex could not be critically studied until 
the neuronal electrophysiology had been satisfactorily correlated with the neuro- 
nal structure (cf. Eccles, I to  and Szents 1967). I t  has been shown that  
stimulation of cutaneous nerves exercises powerful influences on the Purkyn~ cells 
via mossy and climbing fibers (Oscarsson, 1967, 1969 ; Larson, Miller and Oscarsson, 
1969a, 1969b; Eccles, Provini, Strata and Ts163 1968a, 1968b; Kitai, 
Ts163 Tsukahara and Eccles, 1969; La tham and Paul, 1968a, 1968b; 
Armstrong and Harvey,  1968; Freeman, 1970; Rubia and Phelps, 1970; K6rlin 
and Larson, 1970; Ecclcs, Faber, Murphy, Sabah and Ts163 1971a, 1971b, 
1971 c). Special mention should be made to recent studies on the responses of 
individual units, some of them being Purkyn5 cells, tha t  are evoked by stimulation 
of cutaneous receptors (Thach, 1967 ; Tarnecki and Konorski, 1970). 

The principal aim of this s tudy has been to investigate the transmission of 
information from cutaneous receptors to the cerebellum. I t  is hoped in this way 
to derive a clearer understanding of the manner in which the neuronal machinery 
of the cerebellum utilizes this information in carrying out its function in controlling 
posture and movement.  I t  has been postulated tha t  this is effccted by a continuous 
dynamic loop control (Eccles, 1967, 1969), the pathways being from cerebellum to 
the on-going movement  or posture, which in turn is signalled back to the cere- 
bellum via peripheral receptors and the afferent pathways. 

This present report is concerned only with exemplifying the various types of 
responses of Purkyng cells that  are evoked by  the mossy fiber input from the 
cutaneous mechanoreceptors. A preliminary account has been published (Eccles, 
Sabah, Schmidt and Ts163 1971). In  a subsequent paper (Eccles, Sabah, 
Schmidt and Ts163 1972c) the findings of this paper will be utilized in 
analyzing more complex responses of Purkyn~ cells to cutaneous mechanoreceptor 
input and in considering their integration and their topography. 

Methods 
The technical procedures employed in stimulating cutaneous mechanoreceptors have been 

fully described in the preceding paper (Eccles, Sabah, Schmidt and Ts163 1972a), the 
same experimental animals being utilized in the experiments described in this paper. In 
addition the general experimental procedures have been described in two earlier papers 
(Eccles et al., 1971a, 1971b). 

Purkyng cells may now be identified with assurance by utilizing the criteria already 
described (Eccles et al., 1971b). The responses evoked by cutaneous mechanoreceptors have 
been studied in over 400 Purkyn5 cells. By judicious adjustment of the recording micro- 
electrode there has been effective isolation of the extracellular spike potentials of individual 
units, which have then been subjected to various averaging procedures by an on-line computer, 
and are displayed as poststimulus time histograms (PSTH) and cumulative frequency distri- 
butions (CFD) (cf. Eceles et al., 1972a). The cutaneous mechanoreceptors were excited in a 
precisely determined manner at a repetition rate under control by a master timer, and the 
PSTtts and CFDs of the Purkyng cell responses have a high reliability because of the averag- 
ing procedures. 
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Fig. 1. Purkyn~ cell excitation by cutaneous mechanoreceptors. A gives specimen records of taps 
of 1.6 mm to the forelimb central pad and the evoked discharges of a Purkyn~ cell in the lateral 
vermis of lobule V, the poststimulus time histogram (PSTH) and the cumulative frequency 
distribution (CFD) for 64 traces being given in B. Responses of C, D and E are for smaller taps 
as indicated. F, G, H, I are PSTHs and CFDs for responses evoked by a brief air jet to the 
hairy skin at the sites marked in J. All PSTHs of B to I have same time and count scales. In 
B- - I  the count scale for the PSTH gives a measure of the counts summed in 256 bins of 0.5 
msec during 64 responses. The count scale for the CFD gives a measure of the average counts 
for a single response, there being one scale for ]~--E, and another for F---I. The dotted lines are 
extrapolations of the initial background frequency and are useful in assessing the time course 
of the change produced by the stimulus. Short vertical bars in A- -E  indicate onset of stimu- 
lation. Arrows in F - - I  indicate approximate onset of air jet. In K are the PSTH and CFD for 
response evoked by pressure of 500 g for 2 sec as shown by the bar. 16 responses arc summed in 
256 bins of 20 msee duration. Thele is a frequency scale (tIz) for the PSTH and a count scale 
for a single trace of the CFD. A baseline is drawn for the PSTI-Is to indicate level for zero count. 

Decerebrate unanesthctized preparation 

R e s u l t s  

Excitatory Actions on Pur~yng Cells 

I t  is proposed in this section to give accounts  of  the various types of Pnrkyn~ 

cell responses evoked by inpu t  f rom cutaneous mechanoreceptors .  In  the  Discus- 

sion there  will be a survey  of all of our invest igat ions  on mossy fiber input  to 

Purkyn~ cells. 

In  Fig. 1A are three records of the brief  mechanical  pulse (tap) t ha t  was 

applied to the central  pad  of  the cat  forefoot and of  the spike responses tha t  i t  

induced in a Purkyn5 cell in lobule V. The  identif icat ion as a Purkyn5 cell was 

assured by its occasional cl imbing fiber response (cf. Eccles et al., 1971 b). I n  B the 

summed  responses (PSTH and CFD) reveal  t h a t  the  la tency from the onset of the 

tap (vertical bar in A) was about  12 msec, and t h a t  there  was a period of increased 

discharge for about  35 msee, the ini t ial  low background fl 'equency of about  

15/see being then  resumed.  The CFD shows t h a t  on the average there  were 4 to 

5 discharges for each tap,  which is in agreement  wi th  the records in Fig. 1A. The 

series of  C, D, E shows t h a t  decreased ampl i tude  of the  tap  resul ted in a smaller 

response with  a more gradual  onset, bu t  there  was still on the average 1.5 responses 

to a 0.1 m m  tap.  
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Fig. 2. Phasic respon.ses of Purkyn$ cell to cutaneous mechanoreeeptors. A gives four specimen 
records of responses of a Purkyn5 cell in pars intermedia of lobule V that are evoked by a tap 
os mm to toe 4 of the forelimb. In B are the PSTHs and CFDs for summation in 256 bins of 
0.5 msec of 64 responses evoked by 1.6 mm taps to the five foot pads as indicated. In C are the 
PSTHs and CFDs for graded amplitudes of the taps to toe 4 as indicated. All PSTHs and CFDs 
have the same count and time scales. Short vertical bars indicate onset of stimulation. Decere- 

brate unanesthetized preparation 

The P S T H s  and  CFDs of Fig.  1 F - - I  show t h a t  this  Pu rkyng  cell also responded  
to hair  receptors  preferen t ia l ly  s t imu la t ed  b y  an  air  j e t  a t  the  sites m a r k e d  in J.  
The  responses had  longer latencies,  15 msec or more,  t h a n  those evoked  b y  t a pp ing  
of the  centra l  pad .  F ina l ly  in K there are the  P S T H  and CFD of the  responses 
evoked  b y  app l i ca t ion  of a weight  of 500 g to the  centra l  p a d  for the  2 sec ind ica ted  
b y  the  bar.  There  was an  ini t ia l  large increase in discharge ra te  which r ap id ly  
decl ined to  a p l a t eau  l i t t le  i f  a t  all above  the  in i t ia l  f requency for the  t e rmina l  
1.5 sec of  the  pressure.  There  was a br ief  inhib i t ion  a t  "off".  This large phasic  and  
negligible tonic  response was f requent ly  observed for Pu rkyng  cells, pa r t i cu l a r ly  
wi th  those  t h a t  responded  well to  preferent ia l  s t imula t ion  of hair  receptors .  

F igure  2 i l lus t ra tes  the  responses of a Purkyn~  cell t h a t  was h ighly  sensi t ive to  
taps.  The specimen records in A show t h a t  a 0.4 m m  t a p  to toe  4 evoked  an impulse  
discharge,  the  P S T H s  and  CFDs for these responses being in the  upper  row of C. 
The shor tes t  l a t ency  was 16 msec and  the  average  du ra t ion  of  the  discharge was 
abou t  10 reset .  I n  B are the  P S T H s  and  CFDs for responses evoked  b y  t aps  of 
1.6 m m  ampl i tude  to  the  centra l  p a d  and  the  4 toes. The small  response evoked  b y  
the  t aps  to toe  2 was dup l i ca ted  in a second recording.  I n  C is a r emarkab le  series 
of P S T H s  and  CFDs showing t h a t  a t a p  of only  0.05 m m  to toe 4 evoked  a response 
as large (about  2 discharges on the  average) as t h a t  to  the  1.6 m m  t a p  in  13, though  
the l a t ency  was longer. E v e n  the  25/~m t a p  in C evoked  a jus t  de tec tab le  response. 
This high sens i t iv i ty  of the  p a t h w a y  from p a d  cutaneous  mechanorecep tors  to 
Pu rkyn5  cell was observed in several  exper iments .  Such responses mus t  be due 
a lmos t  en t i re ly  to preferent ia l  s t imula t ion  of Pac in ian  corpuscles (Jgnig, Schmid t  
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Fig. 3. Responses of two Purlcyng cells to taps and pressure. In A are specimen records of responses 
of a Purkyn~ cell in the lateral vermis of lobule I I I  evoked by taps of 1.6 mm to the central pad 
of the hindfoot, the PSTH and CFD for summation of 64 responses in 256 bins of 0.5 msec 
being in B. C gives the PSTHs and CFDs evoked by application of the pressures given in giams 
and at the times indicated by the 2 sec bars. Summation of 16 responses is in 256 bins of 20 
msee. Same scales for all three responses, that for the PSTHs being given in Hz, and for the 
CFDs by the counts for a single response. D, E, F similar to A, B, C, but are from another 
experiment on the central pad of the hindfoot, the Purkyn~ cell being in the pars intermedia 
of lobule III .  Same Hz scale for both PSTHs of F, but each CFD has its own scale. Both pre- 

parations were decerebrate and unanesthetized 

and  Z immermann ,  1968; Eeeles,  Sabah,  Sehmid t  and  Ts163 1972d). The cell 
of  Fig.  2 was exci ted  b y  air  je t  s t imula t ion .  Pressure  was no t  tr ied.  

I n  Fig.  3 there  are  examples  of the  tonic  exc i t a to ry  effect of pressure on two 
Purkyn~  cells. The specimen records of A and  the  P S T H  and  CFD of B show t h a t  
a t a p  of 1.6 m m  to the  cent ra l  p a d  evoked  an  ini t ia l  response of a lmos t  2 impulses  
on the  average,  and  a long cont inued  la te r  response of abou t  the  same size. Appl i -  
ca t ion  of a weight  of 500 g in  C a p p r o x i m a t e l y  doubled  the  f requency f rom 
50/see to 100/see (cf. the  PSTH) ,  there  being a slow decline of f requency  dur ing  the  
t e rmina l  1.5 sec of the  pressure.  A re tu rn  to  the  in i t ia l  f requency  occurred on 
c~ssation of the  pressure.  A weight  of 200 g evoked  a smal ler  response of the  same 
general  character ,  b u t  100 g was only  s l ight ly  effective. F igure  3C gives a good 
example  of a tonic  exc i t a to ry  ac t ion  wi th  b u t  l i t t le  phas ic  admix tu re ,  thus  con- 
t r a s t ing  wi th  the  d o m i n a n t  phas ic  response of Fig.  1K. 

F igure  3 D - - F  i l lus t ra tes  the  responses of  a Purkyn~  cell t h a t  gave an  inter-  
med ia te  response to  pressure  (F) wi th  a phas ic  exc i ta t ion  fall ing to  a modera t e  
tonic  p la teau ,  pa r t i cu l a r ly  wi th  the  500 g response. A small  exc i t a to ry  response 
was evoked  b y  t aps  of 1.6 m m  to the  centra l  pad ,  bo th  in the  specimen records  of 
D and  in the  P S T I t  and  CFD of  E. 
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Fig. 4. Phasic inhibition of a Purkyng cell. Specimen records of responses of this Purkyn5 cell 
in the pars intermedia of lobule V arc shown in C for taps of 1.6 mm to toe 2 of the forefoot. 
In A are PSTHs and CFDs for taps of 1.6 mm to the five pads of the forefoot as indicated, 
each being the sum of 64 traces in 256 bins of 0.5 msec. In B pressure of 500 g was applied for 
the 2 see of the bars, the scales for the PSTH and CFD being in IIz and counts for a single trace 
lespectively. There was summation of 16 responses in 256 bins of 20 msee. The PSTI-Is and 
CFDs of responses evoked by taps to toe 2 of the indicated amplitudes are shown in D. Same 

scales of counts and time for A and D. Decerebrate unanesthetized preparation 

Inhibitory Actions on Purleyn~ Cells 

I n  the specimen records of Fig. 4C taps of 1.6 m m  ampl i tude  to toe 2 are seen 
to effect a brief silence of the spontaneous discharge of the Purkyn~ cell, the t ime 
course being i l lustrated in the P S T H  and  CFD of the top row of A. The la tency 
of onset was 17 msec and  the dura t ion  was in  excess of 40 reset, including about  
12 msec of to ta l  silence. Figure 4A gives a good i l lus t ra t ion of differential effects 
from the different pads:  toes 2 and  3 were most  effective, then  in  diminishing 
series central  pad, toe 4, toe 5. Despite the considerable size reduction,  the t ime 
courses of these inhib i tory  effects were comparable. This was also the case in  
D with the reduct ion of inhib i t ion  effeeted by  reducing the sizes of the taps to toe 2 
from 1.6 to 0.2 mm. The 0.2 m m  tap gave a small inhib i t ion  comparable with the 
1.6 m m  tap to toe 5, i.e. toe 2 was approximate ly  8 t imes as sensitive as toe 5 in  
convert ing a mechanical  s t imulus to inhibi tory  act ion on this Purkyn~ cell. I n  B 
i t  is seen tha t  pressure of 500 g to the central  pad had no tonic action, there being 
in the P S T H  merely a small phasic inhibi tory-exci ta tory  effect a t  onset. 

Figure 5 i l lustrates an invest igat ion into the inhib i tory  act ion of a second tap 
a t  various intervals  after the first, there being two specimen records, together with 
the P S T I I  and the CFD for each test  interval .  The PSTHs  and  CFDs show tha t  the 
second st imulus was almost  fully effective in producing inhibi t ion  a t  the longest 
test  in terval  (144 msec). As well shown by  the PSTI t s  its inh ib i tory  act ion de- 
creased progressively with the test  intervals  of 131 and  108 msec, and  was greatly 
diminished at  the two briefest intervals  of 67 and  40 msec. 
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Fig. 5. Phasic inhibition of Purkyn~ cell by double stimulation. Same Purkyn~ cell as in Fig. 4, 
but with double stimulation of toe 2 by 1.6 mm taps at the indicated intervals. For each test 
interval, there are two specimen records, the PSTH and the CFD. Same scales throughout for 
times and counts. There was summation of 64 responses in 256 bins each of 1 msec duration 
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Fig. 6. Phasic inhibition of Purlcyn$ cell by repetitive stimulation. In A aie specimen records and 
the PSTt t  and CFD evoked in the same Purkyn~ cell as in Figs. 4 and 5 by a single tap of 
1.6 mm to toe 2. In B, C and D there are 2, 3 and 5 taps at  a frequency of 67 Hz as indicated 
in the specimen records. All PSTHs and CFDs have the same time and count scales, and 
represent the summation of 64 responses in 256 bins of 0.5 msec. The short vertical bars show 

onsets of mechanical stimulations 
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Fig. 7. Inhibition of Purkyn~ cell by single and repetitive stimuli. In A are specimen records of 
Purkyn~ cell inhibition by single 1.6 mm taps to toe 5 of the hindfoot. The PSTI-I and CFD 
for summation of 64 responses in 256 bins of 0.5 msec are shown in B, and in another test 
series at a slower sweep in C, there being summation of 64 responses in 256 bins of 1 msec. In 
D are specimen records of effect of a rhythmic series of 10 taps at 65 Hz. E and F give PSTHs 
and CFDs for summation of 64 responses in 256 bins of 1 msec in two separate tests, E being 
before C and F afterwards. Times of onset of mechanical stimuli are shown by short vertical 
bars. C, E and F have same scales for both PSTHs and CFDs, and B has separate scales as 
shown. The Purkyn5 cell was in lobule IV of the lateral vermis and the preparation was 

decerebrate and unanesthetized 

A re la ted  inves t iga t ion  is i l lus t ra ted  in Fig.  6 on the  same Purkyn~  cell, where,  
wi th  repe t i t ive  s t imula t ion  a t  67 Hz,  two, three  and  five t aps  were no t  apprec iab ly  
more effective t h a n  one. Inves t iga t ions  on mossy  fiber discharges (Eeeles et al., 
1972a, Figs.  1B, 3E, F,  5) showed t h a t  there  was a reduc t ion  of the  number  of 
impulses  in the  successive responses,  bu t  no t  as a rule failure to  respond  to the  
successive taps .  P r e s u m a b l y  there  is a fur ther  depression in the  inh ib i to ry  p a t h w a y  
from mossy  fiber to  granule  cell to baske t  cell to Purkyn~  cell, a p robab le  site of 
depression being a t  the  synapses  f rom mossy  fibers to  granule  cells wi th  thei r  
powerful  inhib i t ion  b y  Golgi cells (Eccles, I t o  and  Szent~gothai ,  1967). 

I n  con t ras t  to Fig.  6, repe t i t ive  mechanica l  s t imula t ion  p roduced  in Fig. 7 a 
con t inua t ion  of the  inh ib i to ry  ac t ion  of the  first s t imulus,  though  a t  a r educed  
level. The inh ib i to ry  ac t ion  of a single t a p  to toe  5 is seen to be a t  leas t  50 msec in 
dura t ion  in the  specimen records of A and  the P S T t t  and  CFD of B. The P S T H  and  
CFD of C show a t  a slower sweep speed the  full du ra t ion  of the  inhibi t ion.  The 
in i t ia l  background  f requency was resumed  a t  the  ar row 95 msec af ter  the  onset  
of the  inhibi t ion.  D shows specimen records of  the  effect of  10 t aps  a t  65 Hz,  as 
ind ica ted  in the  lower traces.  There  appears  to be a r e la t ive ly  effective depression 
of discharge th roughou t  the  whole s t imula t ion  period.  Sure conf i rmat ion is given 
b y  the  P S T H s  and  CFDs of  E and  F,  which are the  averages  of two separa te  tes ts  
of 64 sweeps each. Compar ison with  the  CFD of C a t  the  same sweep speed shows 
t h a t  the  inhib i t ion  p roduced  by  the  first s t imulus  was cont inued  b y  subsequent  
st imuli ,  though  a t  a d iminished level. I t  was ma in t a ine d  th roughou t  the  who]e 
du ra t ion  of the  s t imula t ion  and  full recovery  d id  no t  occur unt i l  abou t  100 msec 
af ter  the  las t  t a p  of  the  repe t i t ive  series. This  l imi ted  ab i l i ty  of repe t i t ive  s t imula-  
t ion to produce  a ma in t a ined  depression of a Purkyn~  cell has  been observed  also 
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Fig. 8. Excitatory and inhibitory responses of Purkyn$ cell. A gives specimen records of responses 
of Purkyn~ cell to 0.8 mm taps to central pad of the  hindfoot, the PSTHs and CFDs being 
given in the  central frame of B. In  B are also the PSTHs and CFDs for 1.6 and 0.4 mm taps. 
In  C are responses to taps of 1.6 mm to toes 2, 4 and 5 as illustrated. Toe 3 responses were 
similar bu t  are not  illustrated. Purkyn~ cell was in lobule IV of lateral vermis. All averages 
are for 64 traces in bins of 0.5 msec. The preparat ion was deeerebrate and unanesthet ized 

A C 
CP 2 mm ~ CP 1.6 rnm 

~ ~ _ , ~ _  ~ _  ho ~.~:~==~, .~-~,~L.~=~--:~ 110 

B so ms 20 ms .. D 
CP 200 g Hz ~ ....... CP 1000 g Hz 

. . . . .  " -~ ~ . . . .  : "1100 _ _  ~ _ j  . ":',: .,;,, -~ "1100 ~ Z " .  ~,,~:~ ~';r / = : ' '  " '" '"" '~ 
:___z,~___- . . . . .  ~0 100 ~\t~/: ...... ' ~::'~::=' ~ J0 

2 sec 2 sec 

....... hoo 

Fig. 9. Responses of two Pur]cyn$ cells to tap and to pressure. In  A are the  PSTH and the CFD 
for the summat ion of 64 responses to a tap  of 2.0 mm to the central pad of the hindfoot and in 
B are the PSTI-I and  the  CFD for the  summat ion in 256 bins of 20 msee of the responses to a 
pressure of 500 g applied for 2 see, as shown by the bar. C and D are similar to A and B bu t  
from another  experiment.  The ampli tude of the taps to central pad was 1.6 mm and the pres- 
sure was 1000 g. Both  Purkyn~ cells were in lobule I I I  of the lateral vermis, and bo th  pre- 

parat ions were decerebrate unanesthet ized 

w i t h  r e p e t i t i v e  n e r v e  s t i m u l a t i o n  (Eec les  et al., 1 9 7 1 b ,  F igs .  9A, B,  E - - H ,  10). 

T h e  f a i l u r e  o f  a m a i n t a i n e d  i n h i b i t i o n  i n  Fig .  6 a n d  a lso  in  one  i l l u s t r a t i o n  of  n e r v e  

s t i m u l a t i o n  (Ecc les  et al., 1 9 7 1 b ,  Fig .  9C, D)  m a y  i n  p a r t  a t  ] ea s t  b e  d u e  t o  a n  

a d m i x t u r e  o f  a n  e x e i t a t o r y  a c t i o n  s u b m e r g e d  b e n e a t h  t h e  d o m i n a n t  i n h i b i t i o n .  

Admixtures o] Excitatory and Inhibitory Actions on a Pur]cyng Cell 

S e v e r a l  P u r k y n ~  cells e x h i b i t e d  e x c i t a t o r y  a n d  i n h i b i t o r y  r e s p o n s e s  w h e n  t a p s  

we re  a p p l i e d  to  d i f f e r e n t  p a d s  of  t h e  s a m e  foot .  F o r  e x a m p l e  in  Fig .  8 t a p s  t o  t h e  
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Fig. 10. Pu@yn~ cell responses to cutaneous mechanoreceptors. A. Post-stimulus time histogram 
(PSTH) and cumulative frequency distribution (CFD) foI Purkyng cell spike discharges evoked 
by a tap to the central pad of the hindfoot (onset at arrow) and summed for 64 traces in 256 
bins of 0.5 msec. B. Similar to A, but evoked by a single stimulus (at arrow) to the sciatic nerve 
at 2.5T strength. C. PSTHs and CFDs for spike discharges evoked in the same cell by the 
indicated weights applied for 2 sec at the times shown by the thick bars below the lowest 
PSTH and the uppermost CFD, the summation being for 16 traces in 256 bins of 20 msec. 
D as in C, but for the indicated weights applied midway between central pad and heel (CP-I-IL), 
nearer still to heel (HR) and at heel (HL), where both 50 and 100 g were applied. Same count 
scale for bins of PSTH in A and B, and for average of single sweep of CFD in A and B. Same 
frequency scale in Hz for all PSTHs of C and D, and same count scale for CFDs of C and D, 
being the average for a single sweep. Same time scales for A, B and for C, D respectively. The 
Purkyng cell was in lobule I I I  of lateral vermis, and the preparation was deeerebrate and 

unanesthetized 

central  pad of the hindfoot  excited the Purkyng  cell, as seen in  the specimen 
records of A and  the PSTHs  and  CFDs of B, much as in Figs. 1--3.  Yet  taps to the 
pads of toes 2, 4 and  5 are seen to have an inhib i tory  effect resembling t ha t  in  

Figs. 4 and  7. 
I n  Fig. 9A the P S T I t  and  CFD show tha t  a single tap to the central  pad evoked 

a delayed exci tatory response of the Purkyn5  cell, the la tent  period being 25 msec. 
I n  B this same cell was profoundly inhibi ted by  applicat ion of a weight of 500 g 
to the central  pad. There was a trace of a brief exci tat ion at  onset, as would be 
expected from the response in A, then  a severe inhibi t ion  causing complete silence 
for 400 msec. Dur ing  the last second of the pressure, the frequency was s teady at  
25/sec, which was less t h a n  half  the ini t ia l  background of about  60/see. A slight 
rebound excitat ion occurred a t  off. 

The opposite admixture  is i l lustrated in  Fig. 9C, D. I n  the P S T H  and CFD of 
C a 1.6 m m  tap to the central  pad is seen to cause a brief exci tat ion passing over 
to an  inhibi t ion  t ha t  was main ta ined  at  a fairly s teady level for 45 msec. I n  contrast  
a weight of 1000 g effected a tonic exci tatory act ion (D), there being probably  a 
trace of an  inhibi t ion  a t  onset, corresponding to the phasic inhibi t ion  in  C. The 
slow decline of f requency during the ini t ia l  th i rd  of the pressure is the common 
type  of tonic response of Purkyn~ cells, ra ther  t h a n  the almost  s teady response 
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illustrated in Fig. 3 for 200 g pressure. I t  is to be noted that  the discharges of the 
slowly adapting receptors show a similar decline in frequency during the appli- 
cation of a steady pressure (J/~nig et al., 1968). 

A particularly interesting example of the admixture of excitatory and inhibi- 
tory  actions of cutaneous mechanoreceptors is illustrated in Fig. I0. In A the 
PSTH and CFD show a typical phasic excitation (latency 18 msec) by a 1.6 mm 
tap to the central pad. In B stimulation of the sciatic nerve also gave a typical 
excitation of short latency (9 msec), but there was in addition a small later in- 
hibition. By contrast, in C weights of 500 g to 50 g all gave a strong tonic inhibition. 
However closer examination of the responses of C reveals that excitation was 
superimposed on the dominant inhibition. Not only was a brief excitation at "on" 
shown in all PSTHs, but during the pressure there was a slow increase in the tonic 
inhibition, particularly with the 500 g pressure. Moreover there was even a brief 
interlude of relative excitation superimposed on the tonic inhibition about the 
middle of the applied 200 g pressure. Evidently the Purkyn~ cell was responding 
to a mixture of excitatory and inhibitory influences. In  D there are a series of tonic 
inhibitions produced by application for 2 sec of the indicated weights to various 
regions of the hairy skin of the foot as indicated by the symbols. The admixture 
of excitation is also indicated, particularly in the two upper responses. 

The examples of admixture illustrated in Figs. 9 and 10 can be regarded as 
rather  extreme examples of the situation tha t  must  usually occur with a mossy 
fiber input to any Purkyn~ cell. For example, even if there is a relatively sharp 
delimitation of the mossy fibers projecting to a particular area of the cercbellar 
cortex, the parallel fibers excited thereby will activate Purkyn~ cells along a beam 
extending for 3 mm along a folinm, and the basket cells also activated by tha t  
beam have an inhibitory projection up to 1 mm on either side of tha t  beam (cf. 
Eecles, I to  and Szent~gothai, 1967). I t  should be even the occasion for surprise 
tha t  the cutaneous mechanoreceptors from the foot have an action on individual 
Purkyn~ cells with the apparent  puri ty of the excitatory or inhibitory actions 
illustrated in Figs. 1--7. 

Discussion 

The great majori ty of the observations considered in this paper and all of the 
illustrations have been on decerebrate unanesthetized preparations. As already 
reported (Eccles et al., 1971b), the climbing fiber responses are greatly depressed 
by the decerebratiou, hence conditions are specially favorable for recording the 
mossy fiber responses, which are very active in the absence of anesthesia. Continu- 
ous monitoring of the Purkyn~ cell responses has given assurance tha t  in this paper 
all illustrations except the histograms of Fig. 11 are for mossy fiber responses 
uncontaminated by climbing fiber responses. Conjoint mossy and climbing fiber 
responses will be fully treated in a later paper (Eccles et al., 1972c). 

Excitatory Actions on Purkyn~ Cells 

Good correlation would be expected between two types of excitatory response 
evoked by stimulation of cutaneous mechanoreceptors: impulses recorded in the 
mossy fibers to any particular area of the anterior lobe (Eccles et al., 1972a) and 
the impulse discharges evoked from Purkyn5 cells of that  area. However, when 
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Fig. l l .  Histograms showing lateneies of onsets of excitatory and inhibitory responses of Purkyn~ 
cells. The onsets of taps with a time course of onset as illustrated are at zero and the numbers 
of Purkyng cells with latencies of response in 2 msec bins are shown by the column heights. The 
two upper frames are for the excitatory and inhibitory responses to taps of the pads of the 
forefoot, and the two lower frames similarly for the hindfoot. The numbers on each frame show 
the number of cells. However, when the responses were combinations of excitation and 
inhibition as in Figs. 8 and 9C, a cell was plotted in both excitatory and inhibitory frames. No 
cell was tested for responses with taps to forefoot and hindfoot. As would be expected weaker 
responses and responses to weaker taps usually had lateneies longer by several milliseconds. 

Only the briefest latency was plotted for each cell 

a t t e m p t i n g  this  correlat ion,  i t  mus t  be apprec ia t ed  t h a t  impulses  in mossy  fibers 
have bo th  an exc i t a to ry  and  an inh ib i to ry  ac t ion  on Purkyn~  cells. Fu r the rmore ,  
the  i m p o r t a n t  mossy fiber p a t h w a y  v ia  the  l a te ra l  re t icu lar  nucleus (Grant ,  
Osearsson and  t~os6n, 1966 ; Oscarsson and  Ros6n, 1966) p r e suma b ly  is concerned 
in m a n y  of the  responses wi th  r a the r  long l a t en t  periods.  

L a t e n t  per iods  can bes t  be compared  for the  responses evoked  b y  single t aps  
to  foot  pads.  Thus in Figs. 1B and  2B the  shor tes t  la tencies  for the  Purkyn~  cell 
discharges were 12 and  14 msee respect ive ly  af ter  the  onset  of the  tap.  I n  the  left  
upper  f rame of Fig.  11 is the  h i s tog ram of the  latencies of  responses of the  59 
Purkyn~  cells t h a t  responded  b y  a clear exc i ta t ion  out  of a to ta l  of  101 t h a t  were 
t e s ted  b y  t aps  to the  pads  of the  forefoot.  S imi lar ly  in the  lower left  f rame is the  
h i s togram for the  lateneies of  the  83 Purkyn~  cells t h a t  responded  to h indfoot  t aps  
out  of the  to ta l  of 253 t h a t  were so tes ted.  There  is the  expec ted  t endency  towards  
longer latencies for the  h indfoot  taps.  Many  of the  responses a t  the  latencies above  
25 msec, pa r t i cu l a r ly  for the  hindfoot ,  were for responses evoked  b y  cl imbing 
fiber inputs .  

There  is reasonable  agreement  be tween these ]ateneies and  those  de te rmined  for 
mossy  fibers in close p r o x i m i t y  to the  Purkyn~  cells. These latencies were 9 - - 1 4  msee 
and  10.5 to  15 msec respect ive ly  for the  mossy  fibers exc i ted  from forefoot pads  
(5) and  h indfoot  pads  (16) (double-headed arrows in Fig.  11; of. Eec]es etal . ,  
1972 a). A t ime differential  of no more t han  2 msec would  be expec ted  be tween the 
shor tes t  latencies for mossy  fibers and  Purkyn~  cells. The few ve ry  shor t  lateneies 
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in Fig. 11 can be attr ibuted to mossy fiber responses still earlier than the relatively 
few we investigated. 

The shortest ]atencies in the histograms of Fig. 11 presumably are attributable 
to the fast mossy fiber pathways via the dorsal spinocerebellar tract  and the 
cuneocerebellar tract  (Oscarsson, 1965; Eccles et al., 1971a), but  with latencies in 
excess of 15 msec the slower spinoreticular cerebellar pathway (Grant et al., 1966; 
Oscarsson and Ros6n, 1966) would also be effective. 

Inhibitory Actions on Purlcyn$ Cells 

In accordance with the basic physiology of the cerebellar cortex (Eccles, I to 
and Szents 1967), several explanations can be offered for the inhibition of 
Purkyn~ cell discharge illustrated in Figs. 4--7 : mossy fiber excitation of basket 
and stellate cells (via granule cells and parallel fibers) with a consequent inhibition 
of Purkyn~ cells; mossy fiber excitation of Golgi cells either directly or via granule 
cells and parallel fibers, the consequent inhibition of granule cells giving depression 
of their background excitatory action on Purkyn~ cells; inhibition of the back- 
ground mossy fiber discharge by the cutaneous mechanoreceptors as in Fig. 7 of 
the preceding paper (Eccles et al., 1972a), with the consequent diminution of 
excitatory action on Purkyn5 cells. I t  would be expected that  the most effective 
inhibitory mechanism on a Purkyn~ cell would be provided by the direct inhibition 
of the basket and stellate cells ; nevertheless Golgi cell inhibition of granule cells 
must also be considered because the observed inhibitions of Figs. 4, 5, 6, 7 and 9C 
have a shorter duration (not more than 100 msee) than the Purkyn~ cell inhibition 
produced by a parallel fiber volley in the unanesthetized preparation (Eceles, 
Faber and Ts 1971). In Fig. 11 the histograms to the right display the 
shortest latcncies for inhibition of Purkyn~ cells. Of the 101 tested by forefoot taps 
46 displayed significant inhibitions at the latencies plotted in the upper frame. The 
inhibitory latencies tend to be a little longer than for excitation (upper left frame) 
which would be expected on account of the extra synapse in the cortical pathway. 
Similarly the lower right frame gives the histogram for inhibition of 62 Purkyn~ 
cells out of the 253 tested from hindfoot pads. Unlike the forefoot, there is no 
general tendency for a longer latency, but  there is a considerable distortion of the 
lower left frame by the admixture of long latency climbing fiber responses. 

Phasic and Tonic Responses 

Figure 1K illustrates the most common response to a steady pressure of 2 sec 
duration. After a transient effect at "on",  the initial frequency is almost exactly 
resumed, only to be transiently disturbed again at ,,off". The "on"  and "off" 
transients may be in any combination of excitation and inhibition. For example in 
Fig. 1K there is on-excitation and off-inhibition and in Fig. 4B merely at "on"  
an inhibition-excitation sequence. All gradations exist between such pure phasic 
responses and the virtually pure tonic excitation of Fig. 3C. The PSTHs of Fig. 3F, 
particularly that  for 500 g, show an initial phasic excitation declining to a steady 
tonic excitation, and a similar response is seen in Fig. 9D. Corresponding phasic 
and tonic responses have been exhibited by mossy fibers. For example in Fig. 6C 
of the preceding paper (Eccles ctal., 1972a) pressure evoked no tonic response, 

18 Exp.  Bra in  Res.  Vol. 15 
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there being a brief phasic excitation at "on"  and "off". In  Figs. 2A and 4D of tha t  
paper the phasic excitatory responses of the mossy fiber dominated the relatively 
small tonic excitation, and in Fig. 3C, the tonic excitation was strong and steady 
during the pressure, though there was a phasic excitation at "on"  and a small 
"off" inhibition. In  general the mossy fiber responses have been characterized by 
stronger tonic excitation than the Purkyn~ cells. This difference can be attr ibuted 
to the negative feedback control tha t  Golgi cells exercise on the mossy fiber 
excitatory pa thway to Purkyn~ cells. 

Tonic inhibitory action on Purkyn5 cells has been observed as frequently as 
tonic excitation. In  Fig. 9B the inhibition was so strong tha t  it silenced the cell for 
about 400 msec, there being a later steady inhibition for the full duration of the 
pressure. In  Fig. 10C there was a tonic inhibition that  even increased during the 
pressure. As already suggested, this is probably the result of a superposition of an 
initial semitonic excitation, after which the full tonic inhibition was revealed. 

Some Purkyn~ cells reacted to the steady pressure in what we may term a 
semitonic manner. The initial increase in frequency slowly declined over 500 msec 
or even longer. All of these variants parallel responses observed for the mechano- 
receptors of the foot pads (J/~nig et al., 1968). Pacinian corpuscles would respond 
very briefly at  "on"  and "off",  whereas the rapidly adapting receptors (RAI%) 
discharge for even 0.5 sec in response to a steady pressure. Finally the slowly 
adapting receptors (SAR) respond by a very slowly decaying discharge. The 
terminal 1.5 sec of our 2 sec pressure stimuli would be evoking only SAR responses. 
The variations observed in the tonic responses to pressure in Figs. 3C, F;  9B, D; 
1OC, D can be at tr ibuted to the variations in the effectiveness with which the SAR 
activates the excitatory and inhibitory pathways to the particular Purkyn~ cell 
under observation. 

In  our 25 experiments on unanesthetized decerebrate cats 149 Purkyn~ cells 
were tested by steady pressure in addition to the taps. Of these almost half (72) 
responded by a tonic excitation or inhibition as in Figs. 3C, F, 9B, D, 1OC, the 
remainder (77) giving only phasic on- and off- as in Figs. 1K; 4B. 

Hair Stimulation 

I t  was reported (Eccles et al., 1972a) tha t  those mossy fibers very effectively 
activated from hair receptors exhibited good phasic but poor or absent tonic 
responses from pads. Purkyn~ cells exhibit a comparable differentiation. For 
example in Fig. i there was a strong excitation from hair receptors, but  no tonic 
action from the central pad. Unfortunately, in the illustrated examples of strong 
tonic excitation or inhibition, hair stimulation was not tried. However it should 
be noted tha t  in Fig. l0 pressure on the hair skin produced a tonic inhibition, 
which presumably is at tr ibutable to the slowly adapting tactile corpuscles (Iggo, 
1966). The Purkyng cell of Fig. 8 was very effectively inhibited by  hair stimulation 
with a latency of about 20 msec (not illustrated). In  general the latencies of 
responses to hair stimulation were a few milliseconds longer than to taps, the 
usual values being in the range 15--25 msec from the onset of the airjet. Probably 
this difference is merely technical - -  the delay involved between the onsets of the 
airjet and of the hair movement.  
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I n  our 25 decerebra te  unanes the t i zed  p repa ra t ions  67 of the  Purkyn~  cells 
responding to  t aps  to the  pads  of forefoot  or h indfoot  were t e s ted  b y  bo th  pressure 
and  hair  s t imula t ion .  Of the  36 t h a t  r e sponded  to hair  s t imula t ion  v ia  a mossy  
fiber i n p u t  only  10 gave a de tec tab le  tonic  response.  Of the  remain ing  31, 12 gave 
a tonic  response b u t  no haft" response,  16 fai led in bo th  and  in  3 the  hair  response 
was b y  a c l imbing fiber i n p u t  and  there  was also a tonic  response v ia  mossy  fibers. 

Sensitivity o/Purlcyn~ Cells to Cutaneous Mechanoreceptors 

There  is a good corre la t ion be tween  the  sensi t ivi t ies  observed for mossy  fiber 
responses to t ap s  and  pressure  (Eccles et al., 1972a) and  those observed for Pur-  
kyn~ cells. The th resho ld  level for t ap s  has  usua l ly  been below 0.2 m m  (Figs. 1C, 
4D) for e i ther  exc i t a t ion  or inhibi t ion,  wi th  ex t reme  sensi t ivi t ies  as low as 0.025 
m m  (Fig. 2C). Taps  of 0.05 m m  or less would  prefe ren t ia l ly  exci te  Pac in ian  
corpuscles (Eccles et al., 1972d), so i t  seems l ikely  t h a t  Purkyn~  cells can be 
exc i ted  b y  the  Pac in ian  input .  Some mossy  fibers had  stil l  lower thresholds  - -  
0.01 m m  in Fig.  1C (Ecc]es et al., 1972a), b u t  aga in  0.2 m m  was a usual  level as in 
Figs.  3B, 4B of  t h a t  paper .  Likewise  for tonic  ac t ion  on Purkyn~  cells the  
th resho ld  was usua l ly  below 100 g (Figs. 3 and  10) and  there  was l i t t le  or no 
increase wi th  pressure  above  500 g, which correlates  well wi th  the  observat ions  on 
mossy  fibers (Figs. 2A and  3C of  Eccles et al., 1972a). 

The  sens i t iv i ty  of  the  meehanorecep to r  ac t ion  b y  the  different  toe  pads  on 
Purkyn~  cells somet imes  exh ib i t ed  a s t r ik ing differential ,  and  somet imes  ve ry  
l i t t le .  F o r  example  in Fig.  2B the  weak response to  toe  2 was only  abou t  one th i rd  
of t h a t  to  the  o ther  pads ,  and  a t a p  of  only  0.05 m m  to toe  4 p roduced  a larger  
phas ic  exc i t a t ion  t h a n  a t a p  of 1.6 m m  to toe  2. The inh ib i to ry  effects of  toe  t aps  
in Fig.  4A also showed a signif icant  differential ,  i nh ib i to ry  act ions  b y  t aps  of 
1.6 m m  to toes 4 and  5 being a p p r o x i m a t e l y  the  same as for a 0.2 m m  t a p  to  toe  
2. Differences of  this  order  were observed  wi th  mossy  fibers. F o r  example  in 
Fig.  1C of the  preceding p a p e r  (Eccles et al., 1972 a) a t a p  to  centra l  p a d  of  0.02 m m  
evoked  much  the  same mossy  fiber discharge as 1.0 m m  taps  (D) to  any  of  the  
four toe  pads.  On the  o ther  hand  in Fig.  6B of  t h a t  pape r  there  was ve ry  l i t t le  
different ial  wi th  the  four pads  t h a t  were tes ted.  
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