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Fig. 2. Rat small intestine. Myenteric plexus. Synaptic junction 
between a nerve fibre and a dendrite of an intramural neuron. The 
nerve process contains agranular 'flattened' vesicles. • 57,000. 

Fig. 3. Rat stomach. Myenteric plexus. A large nerve fibre makes a 
synaptic junction with a small nerve process, very probably a short 
dendrite stemming from an intramural neuron. • 50,000. 

been repor ted  b o t h  in the  cent ra l  nervous  sy s t em 5,e and  
in t he  i n t r amura l  plexuses of the  gut  7. 

Morphological  evidence suggests  t h a t  in the  small  
in tes t ine  re la t ively  pr imi t ive  t ransmiss ion  processes no t  
only occur a t  the  neuro-muscular  junc t ions  bu t  also a t  
junc t ions  inside AUERBACH'S plexus ganglia. Similar  con- 
clusions were reached  by  PATON and  ZAR s t h rough  a 
pharmacologica l  s tudy  of guinea-pig ileum. The higher  
number  of synapses  in s tomach  as compared  to small  in- 
tes t ine  m a y  be re la ted  to  the  r ichness of innerva t ion  f rom 
vagus  nerve  and to the  high degree of extr ins ic  drive o, 
which are typ ica l  of the  s tomach.  Moreover,  it  has  recent ly  
been  shown tha t ,  following vago tomy,  there  is a d rama t i c  
fall in t he  n u m b e r  of synapses  in the  s tomach  1~ 

In  summary ,  b o t h  axo-somat ic  and  axo-dendr i t ic  
synapses  were observed in the  myente r ic  p lexus  of the  ra t  
s tomach  and  smal l  intest ine.  The relat ive n u m b e r  of 
typ ica l  (or convent iona l  synapses  was s ignif icant ly  
higher  in the  s tomach  ~1. 

Riassunto. Nel plesso mienter ico  dello s tomaco  e del- 
l ' i n tes t ino  t enue  di r a t t o  si osservano t ip iche giunzioni  
s inapt iche  sia axo-somat iche  sia axo-dendr i t iche .  I1 

numero  di con ta t t i  s inapt ic i  per  unit~ di superficie di 
sezione o per  cellula nervosa  ~ pifl di sei volte maggiore 
nello s tomaco  che nel l ' in tes t ino tenue.  
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Ascending Neurons of the Spinal Cord Activated by Cold 

The obse rva t ion  t h a t  cooling and hea t ing  the  spinal 
cord m a y  influence the  ascending ret icular  ac t iva t ing  
sys t em and  the rmoregu la to ry  effectors requir ing  supra-  
spinal  control1,2, is indi rec t  evidence for the  af ferent  con- 
duc t ion  of t he  spinal  t he rma l  st imulus.  Ac t iva t ion  of 

ascending uni ts  of the  medial  lemniscal  p a t h w a y  dur ing 
spinal  cord hea t ing  3 has conf i rmed this  a s sumpt ion  for the  
spinal  w a r m t h  st imulus.  The increased discharge of 
spinal  neurones  a t  the  segmenta l  level dur ing spinal  
cooling* fu r ther  suggests  t h a t  ascending  units  migh t  be 
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a c t i v a t e d  also b y  the  sp ina l  cold s t imulus .  T he  d i scovery  
of cen t r a l  a f fe ren t s  a c t i v a t e d  b y  cold would  be  of special  
i m p o r t a n c e  for t he  concep t ion  of cen t r a l  t he r m osens i t i -  
v i ty ,  s ince d i rec t  ev idence  for c en t r a l  cold sensors  in  the  
h y p o t h a l a m u s  is still  t e n t a t i v e  ~. 

Method. I n  n e m b u t a l i z e d  cats,  b r e a t h i n g  s p o n t a n e o u s l y  
or - in  t he  case of sp ina l  t r a n s e c t i o n  a t  C1 - be ing  ar t i f i -  
c ial ly ven t i l a t ed ,  sp ina l  cord t e m p e r a t u r e  was changed  
b y  means  of a pe r fused  t h e r m o d e  wh ich  was located  
ex t r adu ra l ly ,  e x t e n d i n g  f rom t he  sacra l  to  t h e  u p p e r  
tho rac ic  v e r t e b r a l  canal .  The  e x p e r i m e n t s  were car r ied  
ou t  a t  room t empe r a t u r e ,  while  t he  an i m a l s  were p laced  
on  a h e a t i n g - p a d  to con t ro l  b o d y  t e m p e r a t u r e .  6 degrees  
of sp ina l  cord cooling or h e a t i n g  could be  e s t ab l i shed :  
s t rong  (C II I ) ,  m o d e r a t e  (C II) ,  a n d  s l ight  (C I) cooling, 
n e u t r a l  t e m p e r a t u r e ,  and  s l ight  (W I) and  s t rong  (W II)  
hea t ing ,  wh ich  cor responded  to per fus ion  t e m p e r a t u r e s  of 
20, 26, 32, 38.5, 43.5 a n d  47~ as a rule, a t  a per fus ion  
flow of 30 ml /min .  Cooling and  h e a t i n g  per iods  of m o s t l y  
4 ra in  d u r a t i o n  were performed.  - The  u p p e r  cervical  
v e r t e b r a l  co lumn was immobi l i zed  in a s t e reo tax ic  
a p p a r a t u s  (Ba l t imore  I n s t r u m e n t s )  by  means  of ear  ba r s  
and  v e r t e b r a e  c lamps.  The  uppe r  cerv ica l  sp ina l  cord  was 
exposed b y  r e m o v i n g  the  arcs of t he  1st to  3rd ve r t eb rae .  
For  u n i t  record ing  steel  microe lec t rodes  s h a r p e n e d  to less 
t h a n  5 ~z and  coa ted  wi th  I n s u l - X  ( impedance  a t  800 Hz  
a.c. > 1 megohm)  were inse r ted  b y  a mic rodr ive  in to  t he  
sp ina l  cord a t  t he  level of C~-C a. The  p o t e n t i a l s  were fed 
in to  a T e k t r o n i x  2A61 plug- in  ampl i f ie r  a n d  were dis- 
p l ayed  on a T e k t r o n i x  565 oscilloscope. Records  were 
t a k e n  w i t h  a T6nnies  camera .  Rec ta l  t e m p e r a t u r e  and  
v e r t e b r a l  cana l  t e m p e r a t u r e  close to t he  t h e r m o d e  were 
m e a s u r e d  b y  t he rmocoup le s  a n d  were recorded  on a 
Phi l ips  12-channel  servo recorder .  The  pos i t ion  of t he  
e lect rode t ips  du r ing  record ing  was cont ro l led  b y  deter -  
m i n i n g  the  s te reo tax ic  coord ina tes  of the  e lec t rode  posi- 
t i on  in re la t ion  to the  spinal  cord dinlensions .  E v e n t u a l l y  
m i c r o m a r k i n g  of the  t ip  pos i t ion  was pe r fo rmed  a f te r  
record ing  by  app ly ing  weak  anodic  cu r r en t s  to  the  elec- 
t rodes  and  s u b s e q u e n t  h is to logical  cont ro l  by  the  ferro- 
cyan ide  m e t h o d  in frozen t r ansve r se  sect ions.  

Results.  i n  17 an ima l s  25 recordings,  m o s t l y  single un i t  
recordings,  were o b t a i n e d  in which  neu rona l  a c t i v i t y  was 
found  to change  s igni f icant ly  w i th  spinal  cord t e m p e r a -  
ture .  A m o n g  these,  18 recordings  in 13 an ima l s  showed 
a n  increase  of a c t i v i t y  b y  spinal  cord  h e a t i n g  above  a n d / o r  
a decrease  of a c t i v i t y  by  cool ing below t he  neu t r a l  
t e m p e r a t u r e  level. This  f ind ing  agrees w i t h  obse rva t ions  
on  sp ina l  t h e r m o s e n s i t i v i t y  in guinea-pigs  a. Especial ly ,  
however ,  on  7 occasions in 5 an ima l s  un i t  a c t i v i t y  was 
obse rved  which  increased d u r i n g  spinal  cord cooling. 
F igure  1 d e m o n s t r a t e s  the  d ischarge  f r equency  of one of 
these  cold a c t i v a t e d  un i t s  d u r i n g  var ious  cooling and  
hea t i ng  periods.  The  discharge  ra te  increased def in i te ly  
du r ing  cooling and  seemed to follow the  course of peri-  
du ra l  t e m p e r a t u r e .  M a x i m u m  ac t i v i t y  was o b t a i n e d  dur-  
ing s t rong  cooling. Sl ight  hea t i ng  seemed no t  to  a l t e r  t he  
un i t  discharge,  while  s t rong  h e a t i n g  h a d  a m o d e r a t e  
a c t i v a t i n g  effect. 4 more  un i t s  showed th i s  t ype  of 
response  to cooling. A n o t h e r  t y p e  of cold a c t i v a t e d  un i t  is 
d e m o n s t r a t e d  in F igure  2. Here,  a def in i te  d y n a m i c  com- 
p o n e n t  of the  f r equency  response  was a p p a r e n t  dur ing  the  
t r a n s i e n t  phases  of the  cooling and  r e w a r m i n g  periods.  
On t he  whole, the  response  of th i s  u n i t  showed  some 

s i m i l a r i t y  to  t he  d ischarge  p a t t e r n  of pe r iphe ra l  cold 
f ibres 6. In  a 2nd un i t  showing a s imi lar  d y n a m i c  cold re- 
sponse, the  s t e a d y  discharges  du r ing  t he  cooling per iods  
could no t  be proper ly  eva lua ted .  T h e  d ischarges  a t  t he  ends  
of one or more  cooling periods of d i f fe ren t  in tens i t i es  could 
be measu red  in 6 cold a c t i v a t e d  uni ts .  A t  m o d e r a t e  

cooling (perfusion t e m p e r a t u r e  26~ t he  d i scharge  fre- 
q u e n c y  rose, on  t he  average,  f ront  1.9/sec a t  38.1~ to  
13.3/sec a t  34.1~ pe r idu ra l  t e m p e r a t u r e .  I n  a f u r t h e r  4 
animals ,  4 un i t s  were recorded  w h i c h  re sponded  to  sp ina l  
t e m p e r a t u r e  changes  in a m a n n e r  t h a t  could no t  de f in i t e ly  
be  classified as e i the r  h e a t  or cold ac t iva t ion .  

B o t h  h e a t  a n d  cold a c t i v a t e d  un i t s  were de t ec t ed  in a n  
a rea  be tween  0.6 a n d  1.6 m m  a p a r t  f rom the  l a t e ra l  
m a r g i n  of t he  sp ina l  cord  a n d  2.3 to  4.5 m m  below i ts  
dorsa l  surface  a t  t h e  respec t ive  po in t s  of e lec t rode  inser-  
t ion.  These  coordina tes ,  t h o u g h  al lowing only  a coarse  
e s t i m a t i o n  of t he  r ecord ing  sites, i nd ica t ed  t h a t  t he  un i t s  
were located  in t he  an t e ro - l a t e r a l  q u a d r a n t s .  The  posi-  
t ions  of t he  h e a t  a n d  cold a c t i v a t e d  un i t s  seemed n o t  to  
be grossly d i f f e r e n t  The  more  exac t  d e t e r m i n a t i o n  b y  
m i c r o m a r k i n g  in 6 cases s h o w n  in F igure  3 (2 cold and  4 
h e a t  a c t i v a t e d  uni ts )  conf i rmed  the  conclus ion  d r a w n  
f rom t h e  s t e reo tax ic  e s t ima t ions ,  t hus  i nd i ca t i ng  t h a t  
a f fe ren t  a c t i v i t y  was recorded.  The  a f fe ren t  n a t u r e  of 
these  un i t s  shown  in F igure  3 is f u r t h e r  ensured  b y  t h e  
fac t  t h a t  t h e y  were de t ec t ed  in an ima l s  sp inal ized  a t  C]. 

Discussion.  Since un i t  a c t i v i t y  was recorded  a t  C2-C a, 
while  t he  t h e r m o d e  e x t e n d e d  only  to t he  u p p e r  t ho rac i c  
region, the  responses  obse rved  c a n n o t  be due  to  a d i rec t  
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Fig. 1. Discharge rate (Imp./see) of a cold activated ascending 
spinal unit during spinal cord cooling and heating; black bars, 
cooling; hatched bars, neutral temperature; white bars, heating: 
perfusion (TP), rectal (TR), and peridural (Tvc) temperatures. 
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Fig. 2. Left : Discharge rate of a cold activated 
ascending spi~ial unit with dynamic response; 
symbols as ia Figure 1. Right: Recordings 
of unit activity at tile points of the response 
curve indicated by the letters. 

t e m p e r a t u r e  inf luence  on  n e r v e  cells a t  t he  record ing  
level.  The  loca t ion  of t he  un i t s  in  t he  an t e ro - l a t e r a l  
c o l u m n  a n d  t he  cons i s t en t  resu l t s  in  i n t a c t  a n d  spinal ized  
a n i m a l s  ind ica te  t h a t  w a r m  a n d  cold a c t i v a t e d  un i t s  were 
a scend ing  fibres.  T h a t  t h e  a f fe ren t  a c t i v a t i o n  b y  cold 
m i g h t  h a v e  ar i sen  f rom musc le  r ecep to r s  s t i m u l a t e d  b y  
sh ive r ing  seems unl ikely ,  especial ly  w i t h  respec t  to  t h e  
pecu l ia r  response  of t he  u n i t  shown in F igure  2. F u r t h e r ,  
in  t he  case of F igure  1, no  sh ive r ing  was  obse rved  d u r i n g  
t he  1st per iod  of severe  cooling, whi le  du r ing  t he  las t  
cool ing per iod  def in i te  sh ive r ing  occur red  w i t h  no  addi -  
t i o n a l  effect  on  u n i t  ac t iv i ty .  F ina l ly ,  t h e  v e n t r a l  an d  
dorsa l  sp inocerebe l ta r  t r a c t s  c a r ry ing  muscle  r ecep to r  
a f fe ren t s  are  located  in t he  dorso la te ra l  q u a d r a n t s  of t h e  
sp ina l  cord a t  t he  level  of C a 7. The  sens i t iv i t ies  of t he  cold 
a c t i v a t e d  uni t s ,  as r e l a t ed  to t he  decrease  of pe r idu ra l  
t e m p e r a t u r e s  d u r i n g  cooling, r a n g e d  be tween  2 a n d  
4 Imp. / sec /~  w i t h  a n  ave rage  va lue  of 2.9 I lnp. /sec/~ 

The  t rue  sens i t iv i t ies  of these  un i t s  m a y  h a v e  been  some-  
w h a t  lower or higher ,  s ince t h e  pos i t ions  of t h e  t h e r m o -  
eep t ive  s i tes  in  r e l a t i on  to  t h e  t he rmode ,  an d  hence  t h e i r  
precise t e m p e r a t u r e s ,  were u n k n o w n .  W i t h  respec t  to  
l ong- t e rm t e m p e r a t u r e  changes  a d a p t a t i o n  m i g h t  f u r t h e r  
mod i fy  t h e  f ib re  responses.  T h e  d i f fe ren t  responses  d e m o n -  
s t r a t e d  in F igures  1 a n d  2 sugges t  t h a t  a t  leas t  2 t ypes  of 
sp ina l  cold a c t i v a t e d  un i t s  m i g h t  exist .  However ,  dif- 
f e ren t  t i m e  courses  of t h e  t e m p e r a t u r e  changes  a t  t he  
t h e r m o e e p t i v e  si tes m i g h t  also a c c o u n t  for  th i s  observa-  
t ion.  

C o n c l u s i o n .  T h e  resu l t s  ind ica te  t h a t  a c t i v a t i o n  of 
a scend ing  sp ina l  n e u r o n s  occurs  d u r i n g  sp ina l  cord  
cooling. The  t e m p e r a t u r e  sens i t ive  si tes i nduc ing  th i s  
a c t i v a t i o n  are  located  w i t h i n  t h e  v e r t e b r a l  canal,  p r o b a b l y  
w i t h i n  t h e  sp ina l  cord. T h e  cold a c t i v a t e d  un i t s  seem to  
h a v e  t h e  p r o p e r t y  of ' m e a s u r i n g '  t h e  degree of sp ina l  cord  
h y p o t h e r m i a  a n d  m i g h t  serve, therefore ,  as cen t r a l  cold 
sensors p a r t i c i p a t i n g  in t h e  evoca t ion  of t h e r m o r e g u l a t o r y  
responses  obse rved  d u r i n g  sp ina l  a n d  genera l  b o d y  
cooling. 

Fig. 3. Left: Recording points of 2 cold activated units (filled 
symbols) and 4 heat activated units (circles) obtained from spinalized 
animals as determined by mieromarking. Right: Transverse section 
of the spinal cord (S, spinal cord surface) showing the micromark (M) 
for a cold activated unit (dot in the left side figure). 
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