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R e n s h a w  Inhibi t ion  Dur ing  Local  Spinal  Cord Cool ing  and W a r m i n g  

T h e r m o r e g u l a t o r y  reac t ions  induced  b y  d i rec t  t em-  
p e r a t u r e  changes  w i t h i n  e i the r  t he  h y p o t h a l a m u s  or t he  
sp ina l  cord  are iden t i ca l  in  a q u a l i t a t i v e  w ay  t. The  seg- 
m e n t a l  c o n t r i b u t i o n s  to  t h e r m o r e g u l a t o r y  reac t ions  fol- 
lowing local sp ina l  t e m p e r a t u r e  changes  ~ are exp la ined  
to a cons iderab le  degree b y  t he  t e m p e r a t u r e  effects on  
t he  m e m b r a n e  p roper t i e s  of m o t o n e u r o n e  cells, wh ich  
h a v e  been  e leva ted  w i t h  t he  i n t r ace l lu l a r  microe lec t rode  
t e c h n i q u e  a. F u r t h e r  i t  is sugges ted  f rom these  f ind ings  
t h a t  t he  basic  m e c h a n i s m s  c o n s t i t u t i n g  cen t r a l  ne rvous  
t h e r m o s e n s i t i v i t y  are equal,  in  principle,  in  h y p o t h a l a m i c  4 
a n d  in sp ina l  a f fe ren t  5,s a n d  e f fe ren t  ~ neurones .  Thus ,  
a s t a r t i n g  p o i n t  is disclosed for  a genera l  ana lys i s  of th i s  
p r o p e r t y  of cen t r a l  ne rvous  s t ruc tures .  I n h i b i t o r y  pro- 
cesses which  p l ay  a n  i m p o r t a n t  role in c en t r a l  i n t e g r a t i o n  
are k n o w n  to  be  l ikewise t e m p e r a t u r e  d e p e n d e n t  s . The  
p r e sen t  i nves t iga t ion  is concerned  w i t h  t he  t e m p e r a t u r e  
effect  on  a special  t y p e  of i n h i b i t o r y  inf luences  on  t he  
mo toneu rone ,  t he  r e c u r r e n t  i nh ib i t i on .  

Method. The  e x p e r i m e n t s  were done  in l u m b a r  moto-  
neurones  and  i n t e r n e u r o n e s  of ane s t he t i z ed  ca ts  (30 m g / k g  
sod ium p e n t o b a r b i t u r a t e  i.p.) d u r i n g  c o n t i n u o u s  infus ion  
of f laxedi l  (2 mg/kg /h )  a n d  ar t i f ic ia l  ven t i l a t i on .  Con- 
v e n t i o n a l  microe lec t rode  t echn iques  (electrode f i l l ing:  
2-mol K-c i t ra te )  were used. T he  v e n t r a l  roots  of L 7 and  
S~ were p r e p a r e d  for a n t i d r o m i c  s t imu la t ion .  The  t e m -  
pe ra tu r e s  of t h e  b o d y  a n d  of t he  pa ra f f in  pool  cover ing  
t he  exposed l u m b o s a c r a l  sp ina l  cord  were k e p t  c o n s t a n t  
b e t w e e n  37.5 ~ and  39.0~ w i t h  dev ia t ions  no t  g rea te r  
t h a n  -4-0.2~ The  t e m p e r a t u r e  of t he  sp ina l  segments  
LT-S ~ were changed  b y  m e a n s  of a 10 m m  long m e t a l  
t he rmode ,  c i rcu la ted  w i t h  water .  Cooling and  w a r m i n g  
per iods  l as ted  3-5 m i n  and  were r epea t ed  in one experi-  
m e n t  no t  earl ier  t h a n  20 ra in  a f te r  t h e  end  of t he  forgoing 
period.  The  sp ina l  t e m p e r a t u r e s  were m e a s u r e d  a t  t h e  
end  of each  expe r imen t ,  w i t h  a t h e r m o c o u p l e  (~  0.2 mnl)  
inse r ted  in s t ead  of t he  microelec t rode ,  a n d  t h e  cool ing 
a n d  w a r m i n g  per iods  repea ted .  

Results.  T h e  a n t i d r o m i c  i n h i b i t o r y  p a t h w a y  to  mo to -  
neurones  includes  special  i n h i b i t o r y  neurones ,  t h e  Ren -  
shaw ceils. The i r  f i r ing  p a t t e r n  and  t h e  pr inc ip les  of t he i r  
f unc t i on  are  well  k n o w n  9, in  c o n t r a s t  to  o the r  in te r -  

neurones ,  i n  5 R e n s h a w  cells t he  r eco rd ing  cond i t ions  
could be  k e p t  c o n s t a n t  du r ing  4 cooling and  3 w a r m i n g  
per iods  such  t h a t  t h e  inf luence  of t e m p e r a t u r e  on  t he  
d ischarge  p a t t e r n  could be  ana lyzed  b y  ex t r ace l lu l a r  
recording.  

The  effects of sp ina l  cord cooling and  w a r m i n g  on  t he  
d u r a t i o n  a n d  t h e  i n s t a n t a n e o u s  spike  in t e rva l s  of s ingle 
b u r s t s  of d ischarge  recorded  f rom two iRenshaw ceils are  
p re sen ted  in F igure  1. D u r i n g  cooling t h e  in t e rva l s  
be tween  t he  spikes increased.  For  ins tance ,  t he  d i s t ance  
be tween  t h e  7th  and  t he  8th  spike  doubled  f rom 0.9 msec  
a t  37.8 to 1.8 msec a t  33~ The  in te rva l s  of t h e  f i rs t  
10 ac t ion  p o t e n t i a l s  changed  un i fo rmly  so t h a t  t h e  i n t e rva l  
curves  were sh i f ted  a p p r o x i m a t e l y  in paralleI.  B e y o n d  t h e  
10 th  spike, t he  i n t e r v a l  b e c a m e  i r regula r  and,  on  t he  
whole,  more  prolonged.  The  t o t a l  n u m b e r  of impulses  
decreased du r ing  cooling, in th i s  cell to  one hal f  of t he  
in i t ia l  va lue  b y  a drop  in sp ina l  t e m p e r a t u r e  of 5 ~ I t  
is obv ious  f rom t h e  or ig ina l  recordings  (upper  lef t  of 
F igure  1) t h a t  t h e  changes  in d i scharge  p a t t e r n  b e c a m e  
man i f e s t  w i t h  a d rop  in sp ina l  cord t e m p e r a t u r e  of less 
than 1 ~ 

While the number of impulses decreased considerably 
during cooling, the reduction was only slight during 
warming and occurred only at temperatures above 40 ~ 
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Fig. 1. Interspike interval and total nmnber 
of impulses of single bursts of 2 Rensha~ 
cells during local cooling and warming. Sub- 
maximal stimulation, frequency 1/see. Ordi- 
nates: spike interval in msec. Abscissa: 
impulse number within the burst. Duration 
of temperature changes 5 rain. Insets : original 
recordings of Renshaw cell firing bursts at 
control temperature and during local cooling. 
Temperatures in Figures 1 and 2 are intra- 
spinal temperatures. 
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Fig. 2. Changes of amplitude and falltime of 
the autidromic I PSP of a lumbar motoneurone 
during local spinal cooling and warming as 
compared with the control data at 38.8~ 
Duration of temperature changes 3 rain. 
Falltime represents the time of decay of the 
IPSP to 50% of maximal amplitude (max/2). 
Upward direction indicates increase. Insets: 
original recordings of I PSPs at 38.8 ~ (control) 
and during cooling and rewarming. 8 traces 
are superimposed. Downward deflection indi- 
cates negativity. Note the spontaneous spike 
during cooling and the afterpotentials of anti- 
dromic spikes in the 2. and 3. recordings - the 
greater deflections. Note also the depolarisa- 
tion of the resting membrane potential during 
cooling. 

On the  r ight  side o5 Figure  1, showing the  response of 
another  Renshaw cell to warming,  only the  first  15 out  
of 18-20 spikes of each burs t  are plot ted,  since the  last  
in tervals  were ve ry  irregular  in this submaximal ly  s t imu-  
la ted  cell. Dur ing  warming  the  in tervals  of the  first 
spikes decreased by  0.1-0.3 msec bu t  increased in the  
la ter  phase of the  burs t  (at 39~ af ter  the 12th and at  
40 ~ af ter  the  8th spike). However ,  since the  inh ib i tory  
effect of Renshaw cells upon the  motoneurones  is deter-  
mined  by the  first  par t  of the  burst,  warming  seems to 
have  increased the  inh ib i to ry  power of the Renshaw cell. 
Bo th  findings, the  increase o5 discharge f requency in the  
first  pa r t  of the  burs t  dur ing warming  and the  decrease 
dur ing cooling were observed also in the  o ther  Renshaw 
cell invest igated,  in addi t ion the  decrease dur ing cooling 
also in fur ther  3 unident i f ied  interneurones.  

The  decrease of the  Renshaw cell discharge during 
cooling did not, however,  result  in a decrease of the  
an t idromic  inh ib i to ry  pos tsynapt ic  potent ia l  ( IPSP).  As 
demons t ra ted  by  the  changes of ampl i tude  and fal l t ime 
in F igure  2, the  I P S P  instead became larger and longer 
dur ing cooling and smal ler  and shorter  dur ing warming,  
the  slope of the  curves is more pronounced  dur ing the  
ini t ial  phase of warming.  This  seems to be consis tent  wi th  
the  smaller  range o5 the rmoregu la to ry  control  above  
normal  body tempera ture .  W i t h  regard to the  end points  
of the  curves, an increase of t empera tu re  for a lmost  4~ 
caused a reduct ion  in ampl i tude  by  0.6 mV, while cooling 
by 9 ~ enlarged it  by  1.4 mV. The corresponding changes 
of decayt ime were --  11 and + 24 msec. In  spite of the  
increased an t id romic  I P S P s  dur ing cooling, the  original  
recordings at  the  left  side of Figure  2 demons t ra te  t ha t  
the  motoneurones  were nevertheless  more read i ly  exci ted 
by  the  an t id romic  stimulus.  At  a spinal cord t empera tu re  
of 30.5~ two spikes are genera ted  by  the  an t id romic  
stimulus,  the i r  a f te rhyperpolar iza t ions  are visible in the  
second inset. This means  t h a t  the  higher  threshold of the  
an t id romic  act ion po ten t ia l  is overcome dur ing cooling. 
The  increased exci tabi l i ty  of the  recorded motoneu-  
rones dur ing cooling is fur ther  demons t ra ted  by  the  spon- 
taneously  occurr ing spikes. The third inset  f inal ly shows 
tha t  during rewarming  ant idromic  act ion potent ia ls  are 
evoked though  the  I P S P  has a l ready reached the  init ial  
value.  

Discussion. In  good agreement  wi th  the  t empera tu re -  
dependen t  changes of mono-  and po lysynapt ic  E P S P s  8 
and or thodromic  I P S P s  s, the  a l tera t ion  of the  parameters  
of the an t id romic  I P S P  can be expla ined by  the  t em-  
pe ra tu re -dependen t  changes of the  m e m b r a n e  resistance 

of the  motoneurones.  Fur thermore ,  the  a l te ra t ion  of the  
rest ing n lembrane  potent ia l  has to be considered a. The  
augmented  exc i tab i l i ty  of the  motoneurones  dur ing re- 
warnl ing (inset 3 of Figure  2) migh t  be a t t r ibu ted  to the  
delayed repolar izat ion o5 the  membrane .  In  analogy to 
the  findings in motoneurones  7,1~ rec ru i tmen t  of inter-  
neurones dur ing cooling migh t  contr ibute  to the  increase 
of inhibi tory  and exc i ta to ry  pos tsynapt ic  potentials .  On 
the  o ther  hand,  an e levated firing ra te  of in terneurones  
at  lowered spinal cord t empera tu re  11 could not  be 
confirmed.  

Some authors  ~,1~ have  observed in spinal moto-  
neurones that ,  inspite of the  higher  exci tabi l i ty  dur ing 
cooling, in m a n y  cases the  f ir ing ra te  decreased, the  
ex ten t  being apparen t ly  dependent  on the  cell sizeL We 
suppose this  depressant  effect of cooling on the  firing 
neurone is considerably caused by the  presented increase 
of inh ib i tory  neuronal  processes, which was confirmed 
also by  other  methods  12, and by  the  prolonged after- 
hyperpolar iza t ion  (unpublished observat ion).  These two 
facts m a y  have  an impor t an t  influence on the  f requency 
coding dur ing t empera tu re  changes in t i le spinal cord. 

Zusammen/assung. W~thrend lokaler  Ri ickenmarks-  
ki ihlung wurde die rekurrente  H e m m u n g  bei lumbalen  
Motoneuren narkot is ier ter  Ka tzen  verst~irkt und bei 
W i r m u n g  verminder t .  Als wesentl iche Ursache fiir diese 
EI fek te  wird die ~ n d e r u n g  yon Membranwiders tand  und 
R u h e m e m b r a n p o t e n t i a l  der 3/Iotoneuren angesehen. Die 
Anderungen  yon neuronalen Hemmprozessen  und hyper-  
polar is ierendem Nachpo ten t i a l  spielen offenbar bei der 
temperaturabh~tngigen Frequenzkodie rung  spinaler Effe- 
renzen eine Rolle.  
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