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Slow-wave frequency before and after transection of the colon orad to the Jusus coli (mean ~- SD values for recordings taken during 3 periods 
of 24 tl in 6 animals) 

Percentage of total colon Iength 

Proximal colon ].colt Distal colon 

3 taeniae 2 taeniae 
0-10 11-20 21-30 31-40 41-50 51-60 61-70 

Slow-wave frequency 
Control 

Slow-wave frequency after section 
1st week 

2nd week 

14.9 16.4 17.2 21.9 22.1 21.0 20.4 
1.3 1.6 0.9 2.1 2.4 2.3 4.6 

10.7 �9 11.7 ~ 12.3 ~ 19.6 20.4 18.7 20.4 
2.7 1.4 1.9 2.1 3.6 2.7 2.9 

12.1 a 12.4 a 13.2 a 19.1 20.4 18.0 18.8 
0.9 0.9 1.1 1.4 1.4 3.2 2.4 

,p < 0.01. 

more  or less unchanged  in in tens i ty .  Cont rac t ions  were 
p ropaga t ed  to the  dis ta l  colon f rom the  ]usus colt ei ther  
d i rec t ly  or f rom the  p rox imal  colon t h rough  the  anas to-  
mosis. 

Discussion. These resul ts  show clearly t h a t  the  /usus 
colt acts  as a pacemake r  'pul l ing up '  t he  s low-wave fre- 
quencies  of the  p rox imal  colon, those  of the  dis ta l  colon 
ma in ta in ing  th is  h igh level. Thus,  t he  g rad ien t  of the  
slow waves  on the  p rox imal  colon is t he  reverse to  t h a t  
seen on the  small  in tes t ine .  

To da te  the re  is no val id exp lana t ion  for t he  mode  of 
p roduc t ion  of t he  two  kinds of faeces. Variable  r e t en t ion  
of wa te r  dur ing  the  f lux and  reflux of digesta  be tween  
caecum and  the  oral p a r t  of the  p rox imal  colon has  been  

suggested,  bu t  no s ignif icant  changes  in the  con t rac t ions  
of t he  la t t e r  region c o n c o m i t a n t  wi th  p roduc t ion  or ex- 
pulsion of one or o ther  k ind  of faeces has been  detected*,  7. 

The po la r i ty  of wall m o v e m e n t  i mp a r t ed  by  the  slow 
waves  on the  p rox imal  colon d e m o n s t r a t e d  here  would  
t end  to  ma i n t a i n  the  con ten t s  a t  th is  level for the  op t ima l  
per iod of t ime.  The passage of soft  faeces aborad  to the  
[usus would s imply  require  a p redominance  of the  spiking 
ac t iv i ty  over  the  s low-wave counter -cur ren t .  This  work  
does no t  expla in  the  dynamics  of segregat ion of soft  and  
hard  faeces b u t  suggests  t h a t  the  initial  pos tp rand ia l  ex- 
pulsion of ha rd  faeces s i tua ted  in t he  distal  colon is the  
prerequis i te  for the  t r ans i t  of soft  faeces t h rough  t h e / u s u s  
colt. 
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Summary. In  ra t s  exposed to an a l t i tude  of 2,900 mete r s  the  level of endogenous  cardiac norep inephr ine  decreases  
af ter  the  5th day  of exposure.  The tu rne r -ove r  t ime  of the  amine  proceeds  in 3 s teps  which  are p robab ly  re la ted  to 
periods of s tress and  a d a p t a t i o n :  init ial  increase ,  i m p o r t a n t  decrease f rom the  5th day  and re tu rn  to a normal  value 
f rom the  12th day. 

An insuff icient  oxygen  supp ly  induces  hypox ia  in m a n  
and animals.  This s t a t e  can be p rovoked  by  any  physio-  
logical a l te ra t ions  or by  improver i shed  oxygen  environ-  
ment .  These condi t ions  are special ly realized at  h igh  
a l t i tude  when  a decrease of ba romet r i c  pressure  produces  
reduc t ion  of pa r t i a l  pressure  of oxygen  in the  inhaled air 
(PI 03). Most  of t he  s tudies  abou t  physiological  conse- 
quences  of hypobar i c  hypox ia  deal wi th  resp i ra to ry  and  
cardiovascular  modif ica t ions  1-a. Recent ly ,  some au thors  
po in ted  ou t  t h a t  hypoxia ,  f rom var ioux  origins, can be 
considered as a s tress which  induces a s t imula t ion  of the  
s y m p a t h e t i c  sys t em in adrenals  a-6, h e a r t  7 and  bra in  s. 
Unt i l  now, few inves t iga t ions  were made  abou t  these  
effects in hypoba r i c  hypoxia .  However  it is i m p o r t a n t  to 
define physiological  d i s tu rbances  under  these condi t ions ,  
for t h e y  are l ikely to  be d i f ferent  f rom those  observed  in 
hypox ic  hypox i a  % 

To ob ta in  physiological  condi t ions  of m a n  living at  h igh 
al t i tude,  expe r imen t s  r epor ted  in th is  s t u d y  were per-  
fo rmed at  Pic du Midi de 13igorre, F rance  (2,900 m). In-  
f luence of hypox i a  on noradrenerg ic  sys t em was invest i -  

ga ted  in t he  ra t  by  the  de t e rmina t i on  of t issue level and  
tu rnove r  t ime  of cardiac norep inephr ine  for periods 
rang ing  up  to  12 days.  

Material and method. Male Sprague-Dawley  ra t s  (aver- 
age weigh t  250 g) were reared a t  sea level and t r ans fe r red  
to an a l t i tude  of 2,900 m. During 12 days  the  animals  
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were housed  as usual  and  received habi tua l  food and 
drink.  The t e m p e r a t u r e  of the  labora tory  was 21 =k 1~ 
and the  ba romet r i c  pressure  was 720 • 4 mb. The tu rn -  
over  of cardiac  norep inephr ine  is apprec ia ted  by  using the  
isotopic m e t h o d  1% This  m e t h o d  consists  of surveying  the  
d i sappearance  of r ad ioac t iv i ty  of a t issue a f te r  adminis -  
t r a t i on  of a t racer  doser  of labelled norep inephr ine ;  i t  is 
a s summ ed  t h a t  the  rad ioac t ive  compound  mixed homo-  
genously wi th  t he  endogenous  amine  and the  level of t he  
la t t e r  being stable,  t he  decline of rad ioac t iv i ty  is used to  
calculate  the  t u rnove r  of the  t r ansmi t t e r .  

Animals  are given, i.v., a t  d e t e r m i n a t e d  periods, 
5 FCi/kg of 1-[7-aH] norep inephr ine  (aI-I-NE) (specific 
ac t iv i ty  10, 3 Ci/mmol,  Radiochemica l  Center,  Amersham) .  
They  are killed by  decap i t a t ion  2, 4 and 6 h af ter  ad- 
min i s t ra t ion  of 3H-NE,  the  hear t s  are rap id ly  excised 
and homogenized  a t  0~ in 6 ml  of ice-cold 0,5 M per-  
chloric acid added  wi th  0.5% sodium metabisu l f i te  and  
0.5% EDTA.  Af te r  cent r i fugat ion ,  the  s u p e r n a t a n t  is 
r emoved  and frozen a t  -20  ~ 

Norep inephr ine  conta ined  in the  s u p e r n a t a n t  is se- 
pa ra t ed  f rom O-methyl  metabo l i t es  by  adsorp t ion  on 
a lumin ium oxide ~1. Af te r  desorp t ion  by  perchloric acid 
0.05 N, the  labelled ca techol  compounds  including no- 
rep inephr ine  and its metabo l i t es  are measured  by  l iquid 
scint i l la t ion count ing  (Packard  3380 spect rometer ) .  Acid 
der iva tes  of ca techolamines  are e s t ima ted  by  the  techni-  
que of CRouTm2; the  q u a n t i t y  of these substances ,  in- 
ferior to 5% of to ta l  catechoI compounds ,  was judged to 
be negligible and no correct ion was made  for the ex- 
pression of final results.  The endogenous  norep inephr ine  
af ter  ex t rac t ion  on a lumin ium oxyde,  is measured  by  the  
f luor imetr ic  m e t h o d  ~a. 

a H N E  is expressed as d p m / g  and endogenous  N E  as 
ng/g  of fresh tissue. S t a n d a r d  errors of the  mean  are 
calcula ted and  resul ts  are compared  by  S tuden t ' s  T-test .  
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Influence of various times of exposure to altitude on kinetics of 
elimination of radioactivity in rat hearts after i.v. injection of 
5 [zCi/kg SH-norepinephrine. The regression lines on semi-Iogarithmie 
plot were calculated by the least squares method. Points represent 
mean values =k SEM of 5 to 7 animals. 

Influence of altitude on turn-over time, rate of release and half-life 
of cardiac noreprinephrine 

Time of Turn-over time Rate of release Half-life 
exposure to T~ (h) /~ h -1 T1/2 (h) 
altitude 
(days) 

0 15.1 ~= 1.4 0.066 ~- 0.006 10.5 ~ 0.9 
2 11.3 =t_ 1.0 0.088 -L 0.007 7.9 -k: 0.7 
5 19.6 ~- 1.7 0.050 • 0.004 13.9 ~- 1.2 

12 14.9 j- 1.3 0.067 :J= 0.006 10.4 • 0.9 

Values are the means of 15 to 18 determinations :t: SEM. 

The regression lines are calculated b y  the  least  squares  
method ,  l inear i ty  is verified and the  s t an d a rd  error of 
the  regression coefficient is ca lcu la ted  according to 
S N E D E C O R  la. The slope of regression lines is used to 
eva lua te  ra te  of release kh -1) t u rn o v e r  t ime (T~ = i/k) 
and biological half-life (TI/~ = 0.693//}) of t he  labelled 
amine.  

Results. The observa t ions  made  in groups  of 15 to 18 
ra ts  af ter  2, 5 or 12 days  exposure  to a l t i tude  concern 
endogenous  norep inephr ine  and  kinet ics  of e l iminat ion 
of in jec ted  labelled amine.  

The level of endogenous  norep inephr ine  is s ignif icant ly  
reduced  (25~/o} in animals  hav ing  s t ayed  5 to 12 days  a t  
a l t i tude,  when  compared  to the  level of this  t r ansmi t t e r  
in ra t s  s tud ied  a t  sea level (700 ng/g). However ,  this  level 
is co n s t an t  inside each group of animals  used for de- 
t e rmina t i on  of the  turn-over .  

The results  concerning kinetics of e l iminat ion  of la- 
belled norep inephr ine  is shown in the  Figure.  F r o m  these 
resul ts  i t  is possible to evalua te  the  t u rn -ove r  t ime,  the  
ra te  of release and the  biological half-life of the  amine 
(see Table}. Turn-over  t ime  is accelera ted in animals  
which have  spen t  2 days  a t  a l t i tude  (11.3 h) compared  
to t h a t  in contro l  ra ts  of the  same s t ra in  a t  sea level 
(15.1 h); the  amine  half-life is 7.9 h and the  ra te  of release 
0.088 h -*, ins tead  of 10.5 h and 0.066 h -~ a t  sea level. 
Af ter  5 days  exposure  a t  2,900 mete r s  t u rn -ove r  increase 
(19.6 h), which involves  an a u g m e n t a t i o n  in a similar 
way  as the  half-life (13.9 h) and a decrease of e l iminat ion 
(0.050 h-~). However ,  af ter  12 days,  the  tu rn -ove r  t ime, 
half  life and ra te  of release r e tu rn  to near ly  normal  values. 

Discussion. Exposure  a t  a l t i tude  induces  biochemical  
d i s tu rbances  of t he  cardiac noradrenergic  sys tem in rats.  
Dur ing  a 12-day s tudy,  3 consecut ive  per iods  can be 
discerned.  F i r s t ly  it seems t h a t  the  var ia t ion  of baro- 
met r ic  pressure  produces  a stress which  results  in a de- 
creased t u rn o v e r  t ime  of the  amine.  The progressive de- 
p le t ion  of norep inephr ine  observed a f te rwards  could be 
considered as a d i rect  consequence  of the  init ial  step, 
while t he  c o n c o m i t a n t  decrease of t he  tu rn -ove r  t ime  
would be an  a d a p t a t i v e  react ion.  The th i rd  step,  a f ter  a 
12-days exposure  to a l t i tude,  cor responds  p robab ly  to  a 
per iod of more  comple te  adap ta t ion ,  since the  half-life 
of the  amine  re tu rns  to  the  values observed  at  sea level; 
however ,  even  af ter  th is  t ime,  t he  level of endogenous  
norep inephr ine  remains  lower. 

Previous  work, pe r fo rmed  in hypobar i c  chambers ,  a t  
var ious  s imula ted  a l t i tudes  (5,500 to 8,000 m) showed 
comparab le  d a t a :  decreased cerebral  level of norepine-  
phrineS, 15 increased ur inary  e l iminat ion  of t he  amine s 
and  reduced  half-life of the  t r a n s m i t t e r  in the  brain, 
dur ing  the  f irs t  hours  of exposure  to h y p o x i a  ~5. Conse- 
quent ly ,  i t  seems tha t ,  w h a t ev e r  the  in tens i ty  of hypoxia  
and  the  na tu re  of tile organ s tudied,  a l t i tude  is able to 
induce,  by  means  of an initial  stress, a re la t ive  deple t ion  
of the  pool of reserve.  The r educ t ion  of the  tu rn -ove r  
t ime which  occurs in a following s tep  could be considered 
as a p h e n o m e n o n  of economy.  
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