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Long-duration signals. Figure  l b  shows a posit ive,  long- 
dura t ion  signal recorded in an exp lan t  using a micro- 
electrode.  I n t e r m e d i a t e - d u r a t i o n  posi t ive  signals (50-500 
msec) are super imposed  on it. 

Intermediate range (10-500 msec) signals. These usual ly  
occur in repe t i t ive  p a t t e r n e d  sequences  4. Figure 1 shows 
a sequence of pulses recorded s imul taneous ly  f rom a gross 
e lectrode (Figure la) under ly ing  the  exp lan t  and a micro- 
e lectrode lying outside neurons  wi th in  the  exp lan t  (Figure 
lb).  A series of such s imul taneous  pairs of grouped pulses 
were recorded in th is  way.  E a c h  of the  pai r  of sequences  
had  app rox im a te ly  the  same dura t ion  and  s t a r t ed  a t  the  
same t ime  af ter  the  same si lent  interval .  There  was a 
pulse in the  microelect rode recording for near ly  all pulses 
in the  gross e lectrode recording.  Thus the  gross and micro- 
e lectrode ac t iv i ty  are suff icient ly s imilar  to have  been 
in i t ia ted  a t  a common  source. Equa l ly  similar  sequences  
can be recorded wi th  microelect rodes  in the  t issue and in 
the  fi lm of fluid ex te rna l  to the  tissue. E n t r y  of the  micro-  
e lectrode into the  t issue was accompanied  by  a 7 m V  
negat ive  DC shift ,  which  var ied (as m u c h  as 2 mV) be- 
tween  di f ferent  sites in the  tissue. 

The sites and ex ten t s  of electrically act ive areas wi th in  
an exp lan t  can be s tudied  (a) by  placing an exp lan t  on 
the  cut  end of a microcable  conta in ing  t w e n t y  0.08 m m  
diameter ,  individual ly  insula ted  p l a t i num electrodes and 
observ ing  ac t iv i ty  f rom vary ing  pairs out  of the  twen ty ,  
or (b) by  observing the  several  foci of ac t iv i ty  de tec tab le  
using microelectrodes  a t  d i f ferent  sites in the  film of fluid 
a t  t he  pe r iphe ry  of an explant .  

Signals observed wi th  technique  (a) are in the  microvol t  
range,  while those wi th  t echn ique  (b) are in the  mill ivolt  
range,  bu t  are otherwise  the  same. There  are discrete  
small  foci of ac t iv i ty  wi th in  the  tissue. A 200-300 # 
m o v e m e n t  of the  microelect rode t ip  away  f rom a focus 
(in t echn ique  (b)) m a y  resul t  in the  ac t iv i ty ' s  being no 
longer de tec table ,  and res tora t ion  of the  posi t ion of the  
microelect rode t ip causes a. re tu rn  of act ivi ty .  Several  
loci m a y  be p resen t  in one explant ,  each wi th  similar bu t  
not  ident ical  te lencephal ic  pa t t e rn s  of signals. The spread  
of the  po ten t i a l  f rom a single focus is na r rowly  direc- 
t ional.  

Short duration (1-2 msec) signals. Typical  negat ive  
' ex t racel lu lar '  1-2 msec poten t ia l s  (Figure 3a) occur in 
groups whose dura t ion  and in te rgroup in terva ls  are simi- 
lar to those  de tec ted  wi th  gross e lectrodes and micro- 
e lectrodes in the  film of fluid a round the  explant .  The 

grouped  1-2 msec signals va ry  in ampl i tude ;  t hus  t hey  
m u s t  or iginate  in several  neurons.  

Figure  3b shows one of a series of fast  (1-2 msec) 20 m V  
posi t ive  spikes (AC amplif icat ion) recorded int racel lular ly  
f rom a non-mot i le  cell whose granules s ta in  select ively 
wi th  me thy lene  blue and  which had  the  form of a neuron  
(Figure 2). These spikes were p receded  by  a 30 m V  
negat ive  DC shi f t  when  the  cell m e m b r a n e  was pene-  
t ra ted .  The m e m b r a n e  po ten t i a l  and  the  spikes are 
smaller  t h a n  those  repor ted  f rom o the r  an imals  in vivo, 
bu t  these  m e a s u r e m e n t s  are less in o the r  chick emb ryo  
t issues t h a n  in the  same t issues in o the r  animals  (e.g. 
res t ing  po ten t i a l  and  act ion po ten t i a l  f rom chick auricular  
muscle fiber are 29.1 and 39.2 mV, and for ca t  60.4 and  
65.2 m V n ) .  The measu remen t s  are made  dur ing  the  f irs t  
72 h af ter  exp lan ta t ion ,  so t h a t  po t a s s ium released f rom 
damaged  cells m a y  al ter  the  po ta s s ium/sod ium rat io and  
reduce signal ampl i tude .  

The neuron-l ike cells wi th in  the  act ive foci are elec- 
t r ical ly  active,  and it is likely t h a t  the  sequences  of sig- 
nals de tec ted  by  all of the  above means  are associa ted 
wi th  the i r  ac t iv i ty  ~2. 

Rdsum~. A l 'a ide de micro-~lectrodes,  des poten t ie l s  
r y t h m i q u e s  spontan6s  on t  6t~ enregistr6s dans  du t issu 
t~ lenc@hal ique  d ' e m b r y o n s  de poule ts  ~g~s de 14 jours,  
in vitro.  Ces poten t ie l s  sont  semblables  ~ ceux pr~c6dem- 
m e n t  d6crits en u t i l i sant  des 61ectrodes de 80 # en plat ine.  
La possibilit~ pour  ces potent ie ls  d ' e t r e  produi t s  pa r  les 
neurones  de l ' exp lan t  est  discut6. 
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Stud ies  on Moda l i ty  S e g r e g a t i o n  and S e c o n d -  
Order  N e u r o n e s  in the Dorsa l  Fun icu lus  

The dorsal  funiculus of the  spinal  cord has been  con- 
s idered as composed  exclusively of p r i m a r y  afferents  
ascending  to the  dorsal  co lumn nuclei, or t e rmina t i ng  
wi th in  the  coId. This concept ion  has been based on ana-  
tomica l  work, and i t  has  been  shown t h a t  the  ascending 
fibres are a r ranged  in a segmenta l  way  1. F r o m  electro-  
physiological  s tudies  on the  gracile nucleus2, a it  can be 
concluded t h a t  f ibres ac t iva ted  f rom rap id ly  adap t ing  
hai r  receptors ,  slowly adap t ing  receptors  sensi t ive to 
touch  or  pressure  of the  skin, and v ib ra t ion  recep tors  
ascend in t h e  funiculus. There  is also evidence t h a t  group 
I muscle  afferents  f rom the  forel imb ascend in the  dorsal  

funiculus  4,5. This  inves t iga t ion  has  d e m o n s t r a t e d  a dif- 
ferent ia l  d i s t r ibu t ion  of p r i ma ry  af ferents  ac t iva ted  f rom 
di f ferent  receptors ,  and also the  unexpec ted  exis tence of a 
secondary  t r ac t  in the  dorsal  funiculus. 

1 p. GLEES, R. B. LIVINGSTON, and J. SOLER, Archs Neurol. Psy- 
ehiat. 187, 190 (1951). 

2 G. GORDON and M. G. M. JUKES, J. Physiol. 173, 263 (1964). 
3 ]~. l{. P~2RL, D. G. WHITLOCK, a n d  J. R. (IENTRY, J .  Neuro-  

physiol. 25, 337 (1962). 
4 0 .  OSCARSSON and I. ROSI~N, J. Physiol. 169, 924 (1963). 
5 B. HOLMQVIST, O. OSCARSSON, and I. ROSf~N, Aeta physiol, scand. 

58, 216 (1963). 
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Cats  were a n a e s t h e t i z e d  w i t h  p e n t o b a r b i t o n e .  Muscle 
a n d  c u t a n e o u s  ne rves  in  t he  fore l imb were dissected a n d  
m o u n t e d  for  s t imu la t ion .  T he  skin ne rves  were in con- 
t i n u i t y  w i t h  t he  per iphery .  T he  spinal  cord  was exposed  
in t h e  cervical  region (C3), a n d  the  dorsa l  funiculus  ex- 
p lo red  w i th  microelect rodes .  W h e n  a f ibre was found,  i ts  
pos i t ion  in t he  funiculus  was d e t e r m i n e d  a n d  the  p roper -  
t ies  on  e lectr ical  and  a d e q u a t e  s t i m u l a t i o n  inves t iga ted .  
175 un i t s  were t e s t ed  t h o r o u g h l y  enough  to be  classified. 

As d e m o n s t r a t e d  in F igure  1, i t  was  shown  t h a t  f ibres 
w i t h  d i f fe rent  p roper t i e s  ascend  in d i f fe ren t  p a r t s  of t he  
funiculus .  The  superf ic ia l  layer  consis ts  a lmos t  exclus ively  
of f ibres  a c t i v a t e d  f rom qu ick ly  a d a p t i n g  recep tors  s t imu-  
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Fig. 1. Position in dorsal funiculus of fibres from quickly adapting 
hair receptors (A), of fibres from slowly adapting touch-pressure re- 
ceptors (B), of group I muscle afferents (C), and of synaptically 
activated fibres (D). Diagrams represent left half of dorsal funieutus 

at third cervical segment. 

l a t ed  b y  t he  b e n d i n g  of ha i r s  (Figure 1, A). The  in ter -  
m e d i a t e  p a r t  of t h e  Iun i cu lu s  is la rgely  occupied b y  group 
I muscle  a f fe ren t s  (Figure 1, C). A few h igh  t h r e sho ld  
muscle  a f fe ren ts  were found  in t he  same  region or s l ight ly  
deeper  (not  i l lus t ra ted) .  P r i m a r y  a f fe ren t s  ca r ry ing  im- 
pulses  f rom the  s lowly a d a p t i n g  touch-p res su re  sens i t ive  
o rgans  occur  m a i n l y  in t he  deep p a r t  of the  funiculus,  
t h o u g h  a few f ibres  of t h i s  t y p e  were found  nea r  t he  sur- 
face (Figure 1, B). 

27 of the  un i t s  encoun t e r ed  were synap t i c a l l y  ac t iva ted .  
T h e y  o c c m r e d  i n t e rming l ed  w i t h  t he  touch-p res su re  un i t s  
in  t he  deep p a r t  of t he  funiculus  (Figure  1, D). These  
neu rons  were recognized b y  t h e i r  i nab i l i t y  to  follow h igh  
s t i m u l a t i o n  frequencies ,  usua l ly  fai l ing a t  a b o u t  150 c/sec. 
As i l l u s t r a t ed  in  F igure  2 t h e y  were a c t i v a t e d  b o t h  f rom 
skin  a n d  muscle  nerves.  The  synap t i c a l l y  a c t i v a t e d  un i t s  
were neve r  a c t i v a t e d  f rom group  I muscle  afferents ,  t he  
t h r e s h o l d  a lways  be ing  weil  above  t he  g roup  I m a x i m u m  
(Figure  2). However ,  t he  synap t i c  f ibres  were a c t i v a t e d  
f rom low as well  as h igh  t h r e sho ld  c u t a n e o u s  afferents .  
The  l a t ency  of t h e  response  evoked  f rom skin ne rves  was 
a lways  shor t ,  i nd i ca t i ng  a m o n o s y n a p t i c  l inkage.  On 
s t i m u l a t i o n  of muscle  ne rves  t he  l a t e n c y  was somet imes  
longer,  sugges t ing  two or more  synapses .  

W h e n  t e s t ed  adequa te ly ,  the  synap t i c  un i t s  gave  a fas t  
a d a p t i n g  response  on  the  b e n d i n g  of hai rs ,  and  a slowly 
a d a p t i n g  response  on  s l ight  t o u c h  of t h e  skin. These  ob- 
s e rva t ions  sugges t  c o n t r i b u t i o n  f rom b o t h  ha i r  recep tors  
and  touch-p res su re  receptors .  St rong,  s lowly a d a p t i n g  
d ischarges  were evoked  b y  p i n c h i n g  t he  skin. Cooling the  
sk in  p roduced  a d ischarge  of cons iderab le  dura t ion .  
W h e t h e r  th i s  was  due to t he  t e m p e r a t u r e  sens i t i v i ty  of 
t he  touch-p res su re  receptors  ~ or  to  c o n t r i b u t i o n  f rom 
special  t e m p e r a t u r e  recep tors  is u n k n o w n .  The  recept ive  
a rea  of t he  s y n a p t i c  f ibres  was r e l a t ive ly  smal l  (2-5 cm 2) 
b u t  a lways  la rger  t h a n  t h a t  of the  p r i m a r y  afferents .  

The  synap t i c  f ibres a c t i v a t e d  f rom t h e  fore l imb ne rves  
e n t e r  the  dorsa l  co lumn  in t he  lowermos t  cervical  seg- 
m e n t s  (unpub l i shed  observa t ions) ,  a n d  the i r  occurrence  
in t he  t h i r d  cerv ica l  s egmen t  suggests  t h a t  t h e y  reach  the  
dorsa l  co lumn  nuclei.  The  convergence  f rom cu t aneous  
a n d  h i g h  t h r e s h o l d  muscle  a f ferents  i nd ica t e s  t h a t  the  
p a t h  is one of t h e  m a n y  ascend ing  t r a c t s  a c t i v a t e d  f rom 
the  so-called f lexor  ref lex a f fe ren ts  7. I n  c o n t r a s t  wi th  
o t h e r  t r a c t s  of t h i s  type,  t he  dorsa l  tun icu lus  p a t h  has  
smal l  recep t ive  fields ind ica t ing  a good spa t i a l  d i scr imina-  
t ion.  
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Fig. 2. Microelectrode recording from synaptic unit (lower sweep) 
and triphasic recording of ingoing volley from surface of dorsal 
funiculus at sixth cervical segment (upper sweep). A-C, stimulation 
of muscle nerve (deep radial), and D-F, stimulation of skin nerve 
(superficial radial) at indicated strengths (expressed in multiples of 
threshold strength}. Diagram shows extension of cutaneous receptive 
field. Variability in spike size is due to movements of spinal cord. 

Zusammen/assung. Der  dorsale  F u n i c u l u s  der  Ka tze  
wurde  e lek t rophys io log isch  u n t e r s u c h t  u n d  es wurde  
nachgewiesen,  dass  primAre Affe renzen  welche verschie-  
dene  S i n n e s m o d a l i t ~ t e n  v e r m i t t e l n ,  in  ve r sch iedenen  
Tei len  des F u n i c u l u s  ver laufen .  E ine  b i she r  u n b e k a n n t e  
GrUppe yon  s y n a p t i s c h  a k t i v i e r t e n  N e r v e n f a s e r n  wird  
d i sku t i e r t .  
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