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a t  a n  ear ly  s tage  in t he  c h a n g i n g  work  level, t h e  r egu la t ion  
of a m i n o  acid i nco rpo ra t i on  in t he  h e a r t  is no t  r e l a t ed  to 
t h e  syn thes i s  of m R N A  or r R N A ,  since t h e  dose a n d  t he  
mode  of a d m i n i s t r a t i o n  of a c t i n o m y c i n  D used in th i s  
s t u d y  is more  t h a n  effect ive  in p r e v e n t i n g  t he  syn thes i s  
of R N A  1~. 

U p o n  t h e  add i t i on  of p u r o m y c i n  a n d  of cycloheximide ,  
t h e  con t ro l  of syn thes i s  was  i n h i b i t e d  (Table).  I t  is the re -  
fore p o s t u l a t e d  t h a t  t he  s i te  r egu la t i ng  a m i n o  acid incor-  
p o r a t i o n  is a t  t he  level  of t he  m e m b r a n e - r i b o s o m e  com- 
plex. Th i s  c o n t e n t i o n  is f u r t h e r  s u p p o r t e d  b y  t he  fac t  
t h a t  t h e r e  was a v e r y  br ief  t i m e  lag for a d e t e c t a b l e  
d i f ference in t he  r a t e  of incorpora t ion .  R e p o r t s  f rom 
var ious  l abora to r i e s  show t h a t  t he  life t i m e  b o t h  of m R N A  
and  of r R N A  a n d  t he  response  t i m e  for nuc lea r  R N A  
po lymerase  are all in  excess of 3 h a-5,17,~s. I n  con t ras t ,  
t he re  ha s  been  ev idence  i nd i ca t i ng  a n  e x t r e m e l y  r ap id  
con t ro l  of p ro t e in  syn thes i s  a t  t he  level  of t r a n s l a t i o n  of 
p r e fo rmed  t e m p l a t e  R N A  in response  to hormones ,  feed- 
ing, pa r t i a l  h e p a t e c t o m y  or s t i m u l a t i o n  of a ske le ta l  
musc le  6-8,~~176 However ,  w h e t h e r  or n o t  t he  con t ro l  
obse rved  in th i s  s t u d y  is a resu l t  of a specific p ro t e in  x~ 

a n  i nh ib i t o r  ~ or some o the r  m e a n s  of regula t ion ,  requi res  
f u r t h e r  e x p e r i m e n t a t i o n  21. 

Zusammenfassung. Die E i n b a u g e s c h w i n d i g k e i t  de r  
Aminos~ture s te ig t  m i t  e r h 6 h t e r  H e r z b e l a s t u n g  an. Bei  
V o r b e h a n d l u n g  m i t  A c t i n o m y c i n  D b l e ib t  dieses Verh/ i l t -  
his  unbee inf luss t ,  P u r o m y c i n  oder  Cyc lohex imid  indessen  
h e m m e n  die P r o t e i n s y n t h e s e .  
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Response of Respiration to Selective Heating of the 

Affe ren t  c o n d u c t i o n  of w a r m t h  s t imul i  app l ied  to  t he  
sp ina l  cord  has  been  p r o v e d  b y  t he  f ind ing  t h a t  t h e r m a l  
p a n t i n g  is evoked  in conscious  dogs b y  se lec t ively  h e a t i n g  
t he  sp ina l  cord 1. P a r t i a l  c o r d o t o m y  invo lv ing  ven t ro -  
l a te ra l  or dorsa l  funicul i  ha s  been  pe r fo rmed  in t he  p r e sen t  
i n v e s t i g a t i o n  in o rder  to  f ind ou t  t he  a f f e r en t  p a t h w a y  
b y  wh ich  sp ina l  t h e r m a l  s t imul i  are c o n d u c t e d  to  t he  
sup ra sp ina l  t h e r m o r e g u l a t o r y  effectors.  

Method. I n  20 ou t  of 26 n e m b u t a l i z e d  rabb i t s ,  p a r t i a l  
c o r d o t o m y  of b o t h  dorsa l  funicul i  was pe r fo rmed  be tween  
t h e  f o u r t h  a n d  e l e v e n t h  thorac ic  s egmen t ;  in  t he  r ema in -  
ing cases t he  v e n t r o l a t e r a l  funicul i  were cu t  on  e i t he r  
side. - H e a t i n g  of t h e  sp ina l  cord  below t h e  t r a n s e c t i o n  
level  was  pe r fo rmed  b y  m e a n s  of a t h e r m o d e  which  h a d  
b~en i m p l a n t e d  in to  t he  pe r idu ra l  space be t w een  t h e  
level  of t r a n s e c t i o n  and  t he  s e v e n t h  l u m b a r  ve r t eb ra .  
The  t h e r m o d e  was per fused  w i t h  h o t  (46-52~ w a t e r  
for 2-10 ra in  a t  c o n s t a n t  a m b i e n t  t e m p e r a t u r e s  be tween  
24-28~ - E l e c t r o m y o g r a m s  were r ecorded  f rom t h e  
lower l u m b a r  dorsa l  t r u n k  muscles  us ing  a pa i r  of needle  
electrodes.  R e s p i r a t o r y  m o v e m e n t s  were recorded  b y  
d i sp lay ing  on  a recorder  t he  changes  of electr ic  res i s tance  
in a n  electrolyte-f i l led,  d i s tens ib le  r u b b e r  tube ,  wh ich  
h a d  been  t i ed  r o u n d  t he  r a b b i t ' s  chest .  T he  t e m p e r a t u r e s  
w i t h i n  t he  r e c t u m  a n d  t he  pe r idura l  space of t he  l u m b a r  
v e r t e b r a l  cana l  a n d  t he  skin  t e m p e r a t u r e  of one ear  were 
m e a s u r e d  b y  the rmocoup les .  Severa l  days  a f te r  t h e  
co rdo tomy,  t he  an ima l s  were sacrificed. T h e  sp ina l  cord  
was f ixed w i t h  lVliiller's solut ion,  and  March i ' s  s t a in  was 

p e r f o r m e d ,  
Results. I n  F igure  1, t he  response  of r e sp i r a t ion  a n d  

m u s c u l a r  a c t i v i t y  to  sp ina l  cord  h e a t i n g  be low t he  level  
of b i l a t e ra l  t r a n s e c t i o n  of b o t h  dorsa l  funicul i  is demon-  
s t ra ted .  P a r t i a l  c o r d o t o m y  h a d  been  pe r fo rmed  a t  t h e  
s i x t h  t h o r a c a l  s eg m en t  as i nd ica t ed  b y  t he  h a t c h e d  p a r t  
of t he  inse t  Figure.  A t  a n  a m b i e n t  a i r  t e m p e r a t u r e  of 
24~ a n d  a r ec ta l  t e m p e r a t u r e  of 38.2~ s l ight  cold 
sh ive r ing  was  obse rved  in th i s  l igh t ly  a n a e s t h e t i z e d  a n i m a l  
before  t he  sp ina l  cord  was h e a t e d  (left side of t he  Figure) .  

Spinal Cord Below Partial Transection 

After  4 min  of sp ina l  cord  h e a t i n g  (middle  par t ) ,  ver-  
t e b r a l  cana l  t e m p e r a t u r e  h a d  r isen to  41.8~ Shiver ing  
h a d  d i sappeared ,  a n d  r e sp i r a to ry  r a t e  h a d  increased  to  
a t a c h y p n o i c  level.  Fu r the r ,  c u t a n e o u s  v a s o d i l a t a t i o n  is 
i nd ica t ed  b y  t he  rise of ear  skin  t e m p e r a t u r e  a t  c o n s t a n t  
a m b i e n t  and  rec ta l  t e m p e r a t u r e s .  Th i s  c o m b i n e d  response  
to  h e a t i n g  - i n h i b i t i o n  of sh iver ing ,  t h e r m a l  t a c h y p n e a  
a n d  c u t a n e o u s  v a s o d i l a t a t i o n  - was abo l i shed  4 min  a f t e r  
t he  end  of sp ina l  cord hea t ing ,  w h e n  v e r t e b r a l  cana l  
t e m p e r a t u r e  h a d  r eached  a n o r m a l  value.  

Six days  a f t e r  t h e  pa r t i a l  co rdo tomy,  t he  a n i m a l  was  
killed, a n d  March i ' s  s t a in  was  pe r fo rmed  of the  sp ina l  
cord. F igure  2 shows a t r a n s v e r s e  sec t ion  of t he  cord, 
2 s egmen t s  ros t r a l  to  t he  t r a n s e c t i o n  level. I n  F igure  2A, 
n u m e r o u s  dark,  sma l l  clots, wh ich  c o r r e s p o n d  to  t h e  
mye l in  of d e g e n e r a t e d  fibers,  cover  t he  a rea  of b o t h  
dorsa l  funiculi .  A few grey spo ts  are in t e r spe r sed  be tween  
t he  degene ra t ed  myel in ,  especial ly  a t  t he  lef t  side media l  
to  t he  e n t r a n c e  of a dorsal  root .  A p p a r e n t l y ,  t h e y  rep-  
r e sen t  i n t a c t  f ibers,  wh ich  h a v e  en te red  t h r o u g h  t h e  
dorsa l  roots  a b o v e  t he  t r ansec t ion .  The  d a r k  clots  are, 
however ,  a l m o s t  lack ing  in t h e  a d j a c e n t  p a r t s  of t h e  
l a te ra l  funiculi .  T h e  his to logical  dif ferences  be tween  these  
i n t a c t  l a te ra l  funicul i  and  t he  degene ra t ed  dorsa l  funicul i  
are  d e m o n s t r a t e d  in de ta i l  in  F igure  2B.  The  clots of 
degene ra t ed  m y e l i n  are s t a ined  in tense ly ,  while  t h e  
mye l in  shea th s  of t h e  i n t a c t  f ibers  are vis ible  as f a in t ly  
s t a ined  a n n u l a r  s t ruc tu res .  

Such  a c o m b i n e d  response  to  spinal  cord h e a t i n g  be low 
the  level  of b i l a t e ra l  t r a n s e c t i o n  of t he  dorsa l  funicul i  
has  been  conf i rmed  in 19 ou t  of 20 i nves t i ga t ed  animals .  
However ,  in  all  cases - up  to  now 6 an ima l s  - in which  
t he  v e n t r o l a t e r a l  funicul i  h a d  been  cu t  b i la tera l ly ,  
a f fe ren t  inf luences  of sp ina l  cord  h e a t i n g  below t r ansec t i on  
on  r e sp i r a t ion  a n d  on  c u t a n e o u s  b lood  flow ot t he  ear  
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Fig. 1. Evocation of thermal panting and peripheral vasodilatation 
and inhibition of spontaneous shivering by selective warming of the 
spinal cord in a lightly anaesthetized rabbit (DF-20) which had been 
submitted to partial eordotomy of both dorsal funiculi at Th6. The 
hatched part of the inset shows the transected region of the spinal 
cord. Experiment of 7 May 1968. Constant ambient air temperature 
at 24~ 

Fig. 2. (A) Transverse section of the spinal cord at the fourth 
thoracal segment showing degenerated ascending fibers located 
bilaterally in the dorsal funieulus. Same rabbit as in Figure 1. 
r-DF, 1-DF, the right and left dorsal funiculus, r-LF, the right 
lateral funiculus. (B) Ascending fibers of the intact lateral funi- 
eulus (a) and the transeeted dorsal funiculus (b). The compact 
dark dots indicate the degenerated fibers. Enlarged (4 • sections 
of Figure 2A (a und b). 

spinal  ascending t racts .  This  cor responds  to  the  obser-  
va t ion  of "vVONNENBERG and BR0CK 2 t h a t  shiver ing 
induced by  ex te rna l  cooling is no t  inh ib i ted  by  hea t ing  
the  lower cervical  and upper  thoracic  spinal  cord, if the  
ven t ra l  funiculi are t r ansec t ed  at  a h igher  cervical  level. - 
These f indings are paral lel  to  the  obse rva t ion  t h a t  t he  
inh ib i to ry  effect  on sh iver ing  of skin pressure  is no longer  
p resen t  af ter  con t ra la te ra l  t r ansec t ion  of the  ven t ro-  
la teral  funiculus a t  a h igher  level, i. e. a f ter  t r ansec t ion  
of the  so-called ven t r a l  sp ino tha lamic  t r a c t  a. Likewise,  
it  has  been observed  t h a t  modif ica t ions  of e lectrocort ical  
ac t iv i ty  following t h e rma l  s t imula t ion  of the  skin or 
following changes  of env i ronmen ta l  t e m p e r a t u r e  are abol-  
ished, if the  ven t ro la t e ra l  funiculi  are t r ansec t ed  a t  the  
cervical  level 4. - I t  m a y  be suggested,  therefore ,  t h a t  t he  
af ferent  signals arising f rom spinal  t he rmosens i t ive  s t ruc-  
tures  migh t  follow the  same ascending p a t h w a y  as do 
the  discharges of per iphera l  t h e r m o d e t e c t o r s  5. 

Zusammenfassung. Der Einfluss  the rmische r  Reizung 
des Ri ickenmarks  un te rha lb  einer Te i ldurchschne idung  
in H6he yon T h 4 - T h  11 auf Atnlung,  H a u t d u r c h b l u t u n g  
und  motor ische  Akt iv i t~ t  wurde  an le icht  na rko t i s i e r t en  
K a n i n c h e n  un te rsuch t .  Mit tels  Marchi -F/ i rbung einige 
Tage nach Durchschne idung  wurden  die ausgescha l te ten  
a f fe ren ten  Bah n en  ermi t te l t .  Naeh  Durchschne idung  der  
Hin te rs t r / inge  und  anschl iessender  Abschn i t t e  der  Sei- 
tenstr~tnge konn te  durch  R i i ckenmarkw/ i rmung  un t e rha lb  
der  Durchschne idung  eine the rmische  Tachypnoe  und  
eine H a u t v a s o d i l a t a t i o n  oberha lb  der  Durchschne idung  
ausgel6st  werden.  Diese Reak t ion  war  nach  Durchschne i -  
dung  der  Vorderse i t ens t rgnge  erloschen. 
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were lacking. Shivering,  on the  o the r  side, could be 
evoked by  spinal  cord cooling below the  t r ansec t ion  level 
under  this  condi t ion.  

Conclusions. The exper imen t s  indica te  t h a t  the  signals 
arising f rom the rma l  s t imula t ion  of the  spinal  cord are 
conduc ted  to higher  spinal  and  to suprasp ina l  t he rmo-  
regula tory  effector  sys tems  by  a f fe ren t  f ibers which  run  
in the  vent ro la tera l ,  bu t  no t  in the  dorsal  por t ions  of the  
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