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of which the  second was per formed in the  absence of 
oxygen wi th  glucose present  (filled circles) or  wi thou t  
glucose (open circles). 

1. Control e/flux. During  the  first 60 min  of efflux, in 
the  presence of oxygen,  the  ra te  coefficient decreased 
fair ly rapidly  (10220 rain) to a s teady  s ta te  value  in 
Purk in je  fibres and cat  papi l la ry  muscle. In  guinea-pig, 
however,  the  ra te  coefficient cont inued to decrease during 
the  whole efflux period. This devia t ion  f rom single ex- 
ponent ia l  kinetics m a y  have  different  reasons (ceils of 
different  d iameters  or different  permeabi l i ty ,  complex 
extracel lular  or intracel lular  compar tments)  and com- 
plicates the  quan t i t a t i ve  es t imat ion  of changes occurring 
during hypoxia  in this preparat ion.  

2. Hypoxia. In  all exper iments  hypoxia  leads to an 
increase in the  ra te  coefficient:  the  mean  of the  rate  
coefficients during the  60 rain hypoxic  period differs 
s ignif icant ly (p < 0.05; paired t-test) f rom the  control  
va lue  (mean of the  ra te  coefficients 30 min  before and 
30 rain after  hypoxia) .  The max ima l  effect is a l ready 
reached 20 to 30 rain after  the onset  of hypoxia ,  af ter  which 
a gradual  decline in the  ra te  coefficient  occurs. The 
sensi t iv i ty  of the  ~K-ef f lux  to hypoxia  is larger for papil- 
lary muscles t han  ~ for Purk in je  fibres. I t  is known tha t  
the  electrical effects of oxygen  lack are also less pro nounc- 
ed in Purkin je  fibres 2. In  cat  papi l lary  muscle, the  increase 
in *2K-efflux was 22~o and 37~o respect ively  in the  pres- 

ence and absence of glucose; corresponding values were 
18~o and 24~o in guinea-pig ventr ic le  and 8% and 19~o 
in bovine  Purk in je  fibres. 

Discussion. The present  results indicate  t ha t  the  in- 
crease of K-eff lux is a general  effect of hypoxia  on cardiac 
cells. Al though  intracel lular  K or rest ing potent ia l  were 
not  measured in the  present  exper iments ,  da ta  f rom the  
l i terature s -~  indicate  t ha t  a change in the  dr iving force 
for K ions is absent  or min imal  dur ing the  first  30 min  of 
hypoxia .  The increase observed in K-ef f lux  m a y  there-  
fore be the  result  of an increase in conductance  of the  
passive K channel.  Another  possibi l i ty  to expla in  the  
increase in K-eff lux has been suggested by  HAAS et  al. ~. 
According to these authors,  metabol ic  inhibi t ion would  
result  in a reversal  of an ac t ive  electrogenic K pump.  In  
order to decide be tween  these two possibihties,  measure-  
ments  of K-efflux, K- inf lux  and conductance  under  
ident ical  condit ions would be necessary. 
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Summary. Selective warming  of the  spinal cord wi th  ven t ra l  and dorsal roots cut  can generate  pan t ing  in the  conscio us 
dog. 

The spinal cord of mammals  contains  thermosens i t ive  
s t ructures  which are l inked to the  t empera tu re  regulat ing 
system1, In  some current  models on nerVous control  of 
body  t empera tu re  2, a, these spinal thermosens i t ive  struc- 
tures have  been though t  to act  as amplif iers  in the  af- 
ferent  and efferent  the rmoregu la to ry  pathways ,  the  gain 
of which depends on spinal cord tempera ture .  Thus 
generat ion of the rmoregu la to ry  responses by  the rmal  
s t imula t ion  of the  spinal cord would require its afferent  

Respiratory rate before and during warming of the peripherally 
denervated spinal cord 

a b c d e f g 
(~ (~ (min) (min -~) (min -1) 

1 4 30 4642 23 64 96 
2 3 30 4852 15 22 27 
3 7 27 4542 35 35 52 

a) Animal; b) number of periods; c) air temperature; d) temperature 
of the water entering the thermodes; e) total length of stimulation 
periods; f) mean respiratory rate during 5 min before start of stimu- 
lation; g) mean respiratory rate during all periods of spinal cord 
warming. 

or  efferent  connect ions to be intact .  This hypothesis  can 
be tested by  exper iments  answering the  quest ion wheth-  
er the spinal cord ,after being depr ived of all per ipheral  
inputs,  can generate  t empera tu re  signals and, by  con- 
veying  them to supraspinal  components  of the  system, 
elicit  pan t ing  whose efferent  pa thways  are no t  di rect ly  
influenced by  spinal cord tempera ture .  

The exper iments  were carried out  on 3 young Beagle 
dogs whose body  weight  was be tween  6 and 8 kg. Under  
general  anesthesia a l aminec tomy  was per formed ex- 
posing the  lower par t  of ver tebra l  canal, and ven t ra l  and 
dorsal roots of all  spinal segments  caudal ly  of Th  10 were 
bi la tera l ly  cut. In  dogs 1 and 3 this  was done ex t radura l ly  
and in dog 2 int radural ly .  A U-shaped polye thylene  
the rmode  (i.d. 1.14 mm,  o.d. 1.57 ram) was placed close 
to the  spinal cord cover ing all segments  caudal ly  of Th  12. 
By  perfusing this the rmode  wi th  water  of suitable tem-  
perature ,  the  per iphera l ly  denerva ted  lumbar  and sacral 
spinal cord could be select ively  hea ted  or cooled. The 
power t ransferred to the  an imal  v ia  the  thermode,  which 
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was ca lcu la ted  f rom t he  f low r a t e  a n d  t he  difference 
b e t w e e n  in le t  a n d  ou t l e t  t e m p e r a t u r e ,  a m o u n t e d  to 
0.005 w a t t / k g  for 1~ di f ference b e t w e e n  rec ta l  t e m p e r a -  
t u r e  a n d  per fus ion  t e m p e r a t u r e .  A t  t he  m o s t  i n t ense  
levels of s t imu la t i on ,  t h i s  could  increase  m e a n  b o d y  
t e m p e r a t u r e  a t  a r a t e  of 0 .008~ The  e x p e r i m e n t s  
were pe r fo rmed  in t he  conscious an ima l s  3 to  6 days  a f t e r  
surgery.  

The  F igure  shows a n  e x p e r i m e n t  in  dog 1 a t  a n  a i r  
t e m p e r a t u r e  of + 30 ~ 3 per iods  of sp ina l  cord  w a r m i n g  
were p e r f o r m e d  b y  per fus ing  t he  t h e r m o d e  w i t h  w a t e r  of 
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Selective warming of the peripherally denervated spinal cord in a 
conscious dog and its effect on respiratory rate (above). Filled circles : 
Rectal temperature. Open circles: Temperature in the vertebrate 
canal at the level of the lowest intact segment. Bars and numbers: 
Stimulation periods and temperature of the water used to perfuse 
the thermodes. 

46-47 ~ I n  all  w a r m i n g  periods,  c lear  increases  of re-  
s p i r a t o r y  r a t e  u p  to  a p e a k  va lue  of 195 rain  -1 were found .  
Since r ec ta l  t e m p e r a t u r e  a n d  pe r idu ra l  space t e m p e r a t u r e  
a t  t h e  level  of t h e  lowes t  i n t a c t  s e g m e n t  (Th 10) c h a n g e d  
ins igni f ican t ly% th i s  p a n t i n g  response  was  el ici ted b y  
s ignals  o r i g ina t i ng  in  t he  pe r iphe ra l l y  d e n e r v a t e d  p a r t  of 
t he  sp ina l  cord. The  rap id  r a t e  of r e sp i r a t ion  was ac- 
c o m p a n i e d  b y  all t h e  cha rac t e r i s t i c  signs of p a n t i n g  w h i c h  
occur  in t h e  i n t a c t  a n i m a l  w h e n  i t  is exposed  to  a n  ex te r -  
na l  or i n t e r n a l  h e a t  load : i.e. increased sa l iva t ion ,  opened  
m o u t h  a n d  p r o t r u s i o n  of t h e  tongue .  However ,  in  con-  
t r a s t  to  t he  t yp i ca l  p a t t e r n  of response  to  sp ina l  cord  
w a r m i n g  in i n t a c t  dogs 4, t he  h i g h e s t  levels of r e s p i r a t o r y  
r a t e  were found  t o w a r d s  t he  ends  of t he  s h m u l a t i o n  
periods.  Th i s  m a y  h a v e  been  caused  b y  t he  para lys i s  of 
t h e  lower  p a r t  of t h e  body ,  wh ich  genera l ly  r endered  
p a n t i n g  di f f icul t  a n d  seemed to  oppose  t h e  t h e r m a l  dr ive,  
when higher respiratory rats were expected. 

The  Tab le  compr ises  t h e  resu l t s  of 14 per iods  of w a r m -  
ing t h e  d e n e r v a t e d  p a r t  of t h e  sp ina l  cord in t he  3 animals .  
I n  2 of t h e  3 an imals ,  t he  r e s p i r a t o r y  r a t e  d u r i n g  t he  
con t ro l  per iods  was h ighe r  t h a n  t h e  n o r m a l  res t ing  va lues  
in conscious  dogs 5. Th i s  was  due  to t he  e l eva ted  a i r  t e m -  
pe ra tu re ,  w h i c h  was chosen  to  fac i l i t a te  responses.  How-  
ever,  in  all  cases r e s p i r a t o r y  r a t e  inc reased  du r ing  sp ina l  
w a r m i n g  a n d  decl ined a f t e r  sp ina l  w a r m i n g  h a d  been  
f inished.  Th i s  effect  was leas t  p r o n o u n c e d  in a n i m a l  2, in  
wh ich  t he  spinaI  roots  were cu t  i n t r adu ra l l y .  

I n  conclusion,  t h e  e x p e r i m e n t s  h a v e  shown  t h a t  t h e  
l u m b a r  a n d  sacra l  sp ina l  cord, a f t e r  be ing  dep r ived  of 
all  i n p u t s  v ia  dorsa l  or poss ib ly  v e n t r a l  ~ roots ,  can  sti l l  
gene ra t e  t e m p e r a t u r e  s ignals  a n d  c o n v e y  t h e m  to 
sup ra sp ina l  cen ters  to  p roduce  pan t ing .  These  f indings  
e x t e n d  ear l ier  resu l t s  a b o u t  t he  gene ra t i on  of t h e r m o -  
r e g u l a t o r y  cold defence  responses  in dogs ~ and  p igeons  s 
with dorsal roots cut. 
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Summary. F e r m e n t a t i o n  of leafy  food occurs  in  t h e  en la rged  saccus gas t r icus  of t he  colobus  m o n k e y  w i t h  t he  fo rma-  
t ion  of vola t i le  f a t t y  acid, as in  t he  r u m e n  of r u m i n a n t  an imals .  A b o u t  ha l f  of t h e  diges t ib le  organic  m a t t e r  and  cellulose 
of t he  d ie t  is d iges ted in t h i s  way.  

A l t h o u g h  h e r b i v o r o u s  m a m m a l s  do no t  secrete  cellulo- 
ly t ic  enzymes ,  t h e y  are ab le  to  d iges t  cellulose in t h e i r  
food b y  s u b j e c t i n g  i t  to  mic rob ia l  f e r m e n t a t i o n .  The  
mic robes  are  a c c o m m o d a t e d  e i t h e r  in a n  en la rged  com- 
p a r t m e n t  of t h e  s t omach ,  as in  r u m i n a n t  an imals ,  or in 
a n  en la rged  c a e c u m  and  colon, as in horses.  Whi l e  t he re  
are  m a n y  he rb ivo re s  t h a t  e m p l o y  gas t r ic  f e r m e n t a t i o n ,  
a m o n g  t h e  p r i m a t e s  on ly  t h e  colobus,  l angur  a n d  pro-  
boscis  monkeys ,  t he  Colobinae,  a p p e a r  to  h a v e  a d o p t e d  
th i s  mode  of d iges t ion  a, 4. Th i s  s u b f a m i l y  lead a n  a rbo rea l  
life, feeding m a i n l y  on  leaves,  f ru i t  a n d  seeds. T he  f i rs t  
p a r t  of t h e  s t omach ,  t h e  saccus gastr icus,  is g r e a t l y  

en la rged  5 a n d  i t  is here  t h a t  food is f e r m e n t e d  y ie ld ing  
gases a n d  vola t i le  f a t t y  acids s imi la r  to  those  p roduced  
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