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of t he  t r ansmurM pressure  is cons t an t ly  being s l ight ly  
moved  as opposed  to the  cent ra l  venous  pressure,  only the  
end of the  exp i ra to ry  resp i ra t ion  phase  was considered.  

The following f indings were recorded : 1. There  is a close 
corre la t ion be tween  the  cent ra l  venous  pressure  and the  
leng th  of the  b o d y  (Figure). 2. Cont ra ry  to the  per iphera l  
venous  pressure,  the  cent ra l  one shows no age dependence .  
3. Small  chi ldren have  a re la t ively  high cent ra l  venous  
pressure,  expla ined by  the  'physiological  cent ra l iza t ion '  4; 
the  re la t ionship  = length  of the  body  : the  cent ra l  venous  
pressure  applies only to a l eng th  over  140 cm. 4. Measured 
unde r  cons t an t  condi t ions ,  the  cent ra l  venous  pressure  is 
t he  same for every  exper imen ta l  person  over  a n u m b e r  of 
weeks.  5. No re la t ionship  be tween  the  cent ra l  venous  
pressure  and the  body  weight ,  sex, haema toc r i t  and to ta l  
p ro te in  in the  se rum is seen. 

Our f indings made  a more  exac t  physiological  cor- 
re la t ion be tween  the  cent ra l  venous  pressure and the  cor- 
r e spond ing  length  of the  b o d y  possible. Similar relat ion-  

ships are known  for the  cardiac ou tpu t ,  p lasma volume,  
to ta l  blood a m o u n t  and  o ther  values 2. The prac t ica l  con- 
sequence of the  results  for the  clinic is the  possibi l i ty  of a 
more  exac t  volume subs t i tu t ion  which  necess i ta tes  the  
regis t ra t ion  of the  venous  pulse. Loss of volume and  
changes  of the  venous  tonus  (cold, pain,  respirat ion,  etc.) 
are a lways expressed in a d is tor t ion  of the  venous  pulse 
before d i s t inc t  pressure  changes  become measurable .  
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Summary. Vagal  ac t iv i ty  decreased s ignif icant ly  dur ing  spinal cord warming  and increased signif icant ly during spinaI 
cord cooling in anes thet ized ,  immobi l ized rabbi ts .  The results  provide  the  first  direct  proof  of changes  in pa r a sympa-  
the t ic  ac t iv i ty  dur ing spinal  t h e r m a l  s t imulat ion.  

Thermal  s t imula t ion  of the  spinal  cord elicits changes  
in var ious  au tonomic  funct ions,  for instance,  circulat ion,  
respira t ion,  shiver ing and  non-sh iver ing  the rmogenes i s  
and  sweat ing  (reviewed by  SIMON1). Changes in regional  
s y m p a t h e t i c  ac t iv i ty  provide  one of the  i m p o r t a n t  
under ly ing  mechan i sms  involved in these responses2, 3. 
Despi te  the  fact  t h a t  au tonomic  funct ions  are well kown 
to be regula ted  normal ly  no t  only  by  the  s y m p a t h e t i c  
sys tem,  b u t  also by  the p a r a s y m p a t h e t i c  sys tem,  par t i -  
c ipa t ion  of the  p a r a s y m p a t h e t i c  sys t em in these au tonomic  
changes  has no t  been repor ted .  In  this  expe r imen ta l  
series, the  change  in ac t iv i ty  of vagal  efferents  dur ing  
spinal  t he rma l  s t imula t ion  were d i rec t ly  inves t iga ted  
to  clarify this  problem.  

Methods. The exper imen t s  were pe r fo rmed  wi th  10 
rabb i t s  of e i ther  sex weighing 1.8-2.6 kg. The animals  
were anes the t ized  wi th  sodium pen toba rb i t a l  (40 mg/kg  
as initial  dose and subsequen t  cont inuous  infusion of 
14 mg/animal /h)  and immobi l ized wi th  succinylcholine 
(40 rag/animal  as initial  dose and subsequen t  infusion of 
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Integrated vagal activity (N. vagus), 
rectal, vertebral canal and ear tenl- 
peratures (Tre , Tvc , Tear), arterial 
mean pressure (Pro at) and heart rate 
(HF) as influenced by spinal cord 
cooling (left figure) and warming (right 
figure) in anesthetized, immobilized 
rabbit. Mean values from 10 experi- 
nientaI animals with standard errors. 
The courses of vagal activity are vi- 
sualized by graphing the changes in 
amplitude of integrator signals in ram/ 
10 see, reference level: average in- 
tegrator signal amplitude during the 
prestimulation period. 
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300 ~xg/animal/min). The animals were artificially venti- 
lated by means of Starling Pump, and were placed on a 
heating pad perfused with water at 40 ~ to avoid a fail 
in rectal temperature during experiments. Ambient air 
temperature was kept constant at 25 ~ 

Thermal stimulation of the spinal cord was performed 
by perfusing cold or hot  water for a period of 6 rain 
through polyethylene tubing, which was introduced into 
the peridural space of the vertebral canal extending from 
the sacral bone to the lower cervical vertebrae. One of the 
twigs of the vagus to the gastrointestinal t ract  just below 
the diaphragm was separated, and the mass electrical 
discharges were recorded with bipolar stainless steel 
electrodes. The mass discharge was recorded directly and 
was additionally fed into operational amplifiers by which 
the activity was integrated during 5 see intervals. This 
integrated activity was used to evaluate the change of 
vagal activity in a semiquantitative manner, by comparing 
the changes in the integrator deflection amplitude 
throughout the experimental period with the prestimu- 
lation levels. In addition to vagal activity, temperatures 
of the rectum, spinal cord and ear skin, arterial blood 
pressure and heart rate were all recorded simultaneously 
on a UV-direct writing oscillograph. Mean arterial 
pressure was calculated as  Pdiast  @ 0.3 (Psyst -- P~liast). 
The statistical significance of differences between paired 
observations were tested using the Wilcoxon matched- 
pairs signed-ranks test. 

Results and discussions. The time course of the change 
in vagal activity and of other parameters evoked by 
spinal cord thermal stimulation are demonstrated in the 
Figure. Each point indicates the mean value with its 
standard error for 10 oYporirnont-~ I~11rin~ ~ninal cord 
warming (Figure A), vagal act ivi ty decreased significantly, 
ear skin temperature rose significantly, but mean 
arterial blood pressure and heart rate showed no signi- 
ficant changes. After the end of spinal cord warming, all 
changed parameters returned gradually to the prestimu- 
lation levels. During spinal cord cooling (Figure B), vagal 
activity increased significantly, but there were no 
significant changes in any of the other functions. No 
significant decrease in ear skin temperature during spinal 
cord cooling in this experimental series could be attri- 
buted to the condition of ear blood vessels in the prestimu- 
lotion period. 

The Table indicates the change in vagat activity during 
and after spinal thermal stimulation, compared with the 
prestimulation period. Mean values during the last 3 min 
of each period were used for statistical analyses. As shown 
in this Table, act ivi ty of the vagal efferents was increased 
significantly during spinal cord cooling and decreased 
significantly during spinal cord warming. 

The peripheral end of nerve twigs used for recording, 
was crushed with a pincette to avoid mixing of afferent 
elements. The influence of bilateral vagotomy at the 
cervical level was measured to ascertain the connection 
between the recorded nerve twig and vagal nerve. 
Vagotomy resulted in a marked decrease of the discharges. 
Further, because sympathetics could be mixed in the 
recorded nerve twigs, the change of activity during spinal 
cord thermal stimulation after bilateral vagotomy was 
ascertained; no significant change was observed. There- 
fore, the recorded change in nervous activity during 
spinal thermal stimulation was based on a change in 
vagal activity, and not on the influence of other factors. 

TSlJCHIYA et al.~ reported that  gastrointestinal 
motili ty is changed during spinal cord thermal stimulation 
and that  sympathetic elements participate in this response, 
because the change was still observed after bilateral vago- 
tomy at the cervical level. This result is supported by the 
fact that  splanchnic efferent activity decreased during 
spinal cord cooling and increased during spinal cord 
warming ~. However, because the parasympathetic system 
is also important  in the regulation of gastrointestinal mo- 
ti l i ty,the contribution of parasympathetics to this response 
has to be considered. In fact, as shown in this paper, this 
response can be also explained by the change in vagal 
n ctivity: i e., increase during cooling and decrease during 
warming, because an increase in vagaI activity stimulates 
gastrointestinal motility. That  is, spinal cord thermal 
stimulation causes changes in both sympathetic and 
parasympathetic activity, and the change in gastro- 
intestinal motil i ty evoked by spinal thermal stimulation 
is based on both these functions. 

These results also provide the first direct proof of 
changes in parasympathetic act ivi ty during spinal ther- 
mal stimulation, thereby indicating that  further in- 
vestigations of the mechanisms of changes in autonomic 
functions evoked by central or peripheral thermal 
stimulation are warrented. 

Change of vagal act ivi ty during spinal cord thermal stinmlation 
of 6 rain duration 

Vagal activi ty (rain/10 sec) 

Before During After 
Time after start 
of stimulation (rain) --3-0 3-6 12-15 

Spinal cord warming ~ 0 --9.8 ~ --8.6 
S~ i 4 . 3  ~3 .6  

Spinalcordcool ing ~ 0 +9.9 �9 --1.8 b 
S~ • ~4.6 

10 rabbits. The data of the table were calculated as average values 
for 3 min intervals, reference value: discharge level during 3 min 
before s tar t  of stiumlation, ~, mean values; S~, standard errors. 
~Data significantly different from the values before stimulation. 
bData significantly different from the values at the end of stimu- 
lation (p<0.05, Wilcoxon matched-pairs signed-ranks test). 
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