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T h e  Fusus  coli of the  R a b b i t  a s  a P a c e m a k e r  A r e a  
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Summary. Section of the  r abb i t ' s  p roximal  colon orad to  tile /usus coli resul ted in a ma rk ed  reduc t ion  in bo th  slow- 
wave  f r equency  and  d i f fe ren t ia t ion  of the  two kinds of faeces produced.  This indicates  the  exis tence of a pacemaker  
area and  a mechanica l  role for the  reversed oral-aboral  g rad ien t  of the  p rox imal  colon. 

The r abb i t  has  a h ighly  specialized mechanism,  which 
no t  only  re ta ins  digesta  in the  p rox imal  colon and caecum 
for the  t ime requi red  for microbia l  digest ion of cellulose, 
b u t  also allows fo rma t ion  of soft  a n d  hard  faeces. A mid-  
colonic pacemake r  area in i t ia t ing  ant i -per is ta l t ic  waves  
of con t rac t ion  towards  the  caecum and per is ta l t ic  waves 
towards  the  r ec tum has been  descr ibed to explain the  
phys ica l  separa t ion  of l iquid and  solid digesta  in the  ra t  
and t he  guinea-pig *. To da te  ne i ther  f luoroscopic ~-a nor  
e lec t romyograph ic  s tudies  ~ have  been able to show such 
oppos ing  mot i l i ty  pa t t e rn s  in the  rabbi t ,  and research 
cont inues  to solve the  en igma of the  two kinds of faeces 
product ion .  

As ear ly  as 1925, a role in scybala  fo rmat ion  for the  
th ick-wal led  sp indle-shaped /usus coli located be tween  
the  p rox imal  h a u s t r a t e d  and dis ta l  undi f ferencia ted  colon 
was proposed  by  Au]~RK More recently,  Ctn~IST~NSEN 
et  al. ~ r epor ted  a reversed oral-aboral  g rad ien t  in the  
s low-wave f requency  of the  ca t  colon. They  suggested the  
exis tence of a pacemaker  area m i d w a y  along the  colon 
f rom which  slow waves  spread  towards  the  caecum 
t end ing  to  polarize flow in the  same direction.  

This  s t u d y  inves t iga tes  the  possible role of the  r abb i t ' s  
/usus coli as an equiva len t  b u t  more  h ighly  d i f fe rent ia ted  
pacemake r  area. The electrical ac t iv i ty  (slow waves  and 
spike potent ia ls)  of the  d i f ferent  pa r t s  of t he  colon was 
recorded f rom chronical ly  imp lan t ed  electrodes in normal  
animals  and  af ter  surgery  to  bypass  t h e / u s u s  coll. 

Methods. 6 female rabb i t s  weighing a t  least  3 kg and  on 
a dai ly  regimen of i meal  suppl ied f rom 08.00 to 12.00 h 

w e r e  used. Af te r  a fas t  of 36 h, the  animals  were an-  
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Schematic'diagram of the rabbit's large intestine and corresponding 
eleetromyographic record from: A) the proximal colon (1-2), the 
/usus coli (3) and the distal colon (4); B) the/usus coli region after 
section at the termination of haustrated proximal colon and termino- 
lateral anastomosis with the distal colon. Note the reduced slow- 
wave frequmlcy orad to the anastomosis emphasized by the super- 
imposed spike bursts. 

aes the t ized  by  p en t o b a rb i t a l  sodium (20 mg/kg) and 
chronical ly  imp lan ted  wi th  pai red electrodes f ixed a t  
p r e d e t e r m i n a t e d  in tervals  7 along the  d i f ferent  pa r t s  of 
the  colon, name ly  oral (3 taeniae) and  aboral  (2 taeniae) 
segments  of the  p rox imal  colon, /usus coli and dis ta l  
colon. The animals  were housed  in individual  cages and 
the  per iods  of re ingest ion of softs faeces were d i rec t ly  
observed dur ing  the  a f te rnoon  f rom 14.00 to 20.00 h each 
day. Commenc ing  4 days  af ter  surgery,  the  electrical 

a c t i v i t y  was recorded on a po lygraph  (Alvar, Paris) a t  a 
paper  speed of 2.5 mm/sec  for individual  per iods of 24 h 
for 2 weeks. 

E a c h  animal  was then  reanaes the t i zed  and  t r ansec t ion  
of the  colon orad to  t he  /usus coli performed.  The con- 
t i nu i ty  of the  bowel  was remade  by  a t e rmino la te ra l  
anas tomosis .  For  each subject ,  four 24-h recording pe- 
riods were made  again over  2 weeks. Posi t ions  of the  
electrodes were no ted  a t  pos t  m o r t e m  and  recorded as a 
pe rcen tage  of to ta l  l eng th  of the  colon. 

Results. Feeding  always induces the  expuls ion of ha rd  
pellets dur ing  the  f irs t  4 h, t hen  dur ing  the  n e x t  4 h soft  
faeces. This t ime re la t ionship  and a l t e rna t ion  of faeces 
t ype  was character is t ic .  P roduc t ion  of soft  faeces still 
occurred af ter  surgery  to bypass  the  /usus coli bu t  dif- 
fe ren t ia t ion  of the  two kinds of faeces was less dis t inct .  
No changes  in slow wave  f requency  was observed dur ing  
the  per iod of feeding and those  of the  emission of ha rd  or 
soft  faeces. 

In  all subjects ,  slow waves  a t  a mean  f requency  of 
abou t  20/min were recorded f rom the  dis ta l  colon. On the  
p rox imal  colon the i r  f requency  var ied:  13.3/rain near  the  
caeco-colic junct ion ,  16.4/min on the  oral par t ,  17.5/min 
on the  aboral  p a r t  and  19.3/min on t h e / u s u s  coll. Spiking 
ac t iv i ty  occurred e i ther  as series of burs ts ,  each of 1-2 sec 
dura t ion  and  the  same f requency  as the  slow waves,  or 
as a single prolonged burs t  las t ing 4-7 sec and rap id ly  
p r o p a g a t e d  over  the  ent i re  colon. Fol lowing this  l a t t e r  
act ivi ty ,  t he  s low-wave f requency  of the  p rox imal  colon 
near  the  junc t ion  was a t  t imes  reduced  b y  half  for 1 or 
2 rain. Reversed  con t rac t ions  p ropaga ted  f rom the  prox-  
imal colon to  the  caecum also occurred bu t  were only  
recorded f rom the  oral  (3 taeniae) par t .  

Section of the  colon orad to  t h e / u s u s  coli was followed 
by  a marked  decrease in s low-wave f r equency  to values  
of 10-12/rain (Figure and Table). Spiking ac t iv i ty  was 
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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. 

H i g h  Al t i tude  In f luence  on the  Level  and  T u r n - O v e r  T i m e  of Cardiac  N o r e p i n e p h r i n e  in Rats  

M. PRIOUX-GuYONNEAU, J. DURAND, J. •. RAPIN and  Y. COHEN 

Laboratoire de Pharmacodynamie, Faeultd de Pharmacie, Rue Jean-Baptiste Cldment, F-92290 Chatenay-Malabry 
(France), 9 February 7976. 

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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