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U p o n  wak ing  each  morn ing ,  15 m e n s t r u a l  w o m e n  (ages 
17-20 years)  recorded  t h e i r  basa l  body  t e m p e r a t u r e  a n d  
p laced  a smal l  a m o u n t  of sa l iva  (0.15 ml) a t  t h e  t op  of a 
45 ~ inc l ined  p lane  covered  w i t h  wax  paper .  Fo r  29 days  
each  w o m a n  recorded  t h e  sa l iva  flow in cm per  m i n  and  
oral  t e m p e r a t u r e  in  ~ All w o m e n  were asked  b y  us to  
iden t i fy  each  day  of m e n s t r u a t i o n  and  to i nd i ca t e  t he  days  
in which  t h e y  fel t  a b d o m i n a l  pa in .  As far  as we know,  these  
w o m e n  were h e a l t h y  a n d  h a d  n o r m a l  m e n s t r u a l  cycles. 

The  F igure  shows a t yp i ca l  r e l a t ionsh ip  be t w een  sa l iva  
flow a n d  basa l  b o d y  t e m p e r a t u r e  of 5 ou t  of t he  15 wo- 
m e n  wh ich  appea r s  to  ref lect  t he  t i m e  of ovu la t ion .  
O v u l a t o r y  p a i n  was also recorded  as a n  aid in  d e t e r m i n i n g  
t he  o v u l a t i o n  t ime.  T he  increase  in sa l iva  flow paral le ls  
basa l  b o d y  t e m p e r a t u r e  f rom m e n s t r u a t i o n  to  t h e  e s t ima t -  
ed t i m e  of o v u l a t i o n  a n d  can  be  t a k e n  as t he  es t rogenic  
phase  whereas  t he  s u b s e q u e n t  sa l iva  f low d a t a  seems to  
mimic  t he  p roges t a t i ona l  phase.  The  es t rogenic  peaks  of 
ovu l a t i on  and  corpus  l u t e s  are recorded  in all  5 w o m e n  so 
t h a t  sa l iva  v i scos i ty  was a l t e red  i n s  cha rac t e r i s t i c  m a n -  
ne r  b y  m e n s t r u a t i o n .  I n  an  a t t e m p t  to  cor re la te  these  d a t a  
w i t h  p rev ious  work,  two w o m e n  (B. F. a n d  L. C.) m e a s u r e d  
t he i r  da i ly  sa l iva  glucose b y  the  D e x t r o s t i x  b lue  color. A 
blue  color was  recorded  each  day  b e t w e e n  day  10 to  13 for  

B . F .  and  be tween  day  10 to day  15 for L.C. This  agrees 
w i t h  our  e s t i m a t e d  t i m e  of ovu l a t i on  o b t a i n e d  b y  sa l iva  
flow, basa l  b o d y  t e m p e r a t u r e  and  ovu l a t i on  pain.  Our  
p rev ious  work  ind ica tes  t h a t  a t  t h i s  t i m e  t he  p r o p o r t i o n  of 
meso the l i a l  cells d rop  to a m i n i m u m  whereas  po lymorpho -  
nuc lea r  l eukocy tes  e leva te  to  a m a x i m u m  in pe r i tonea l  
f luid ~. U r i n a r y  p ro t e in  levels become  e leva ted  a t  t he  t i m e  
of o v u l a t i o n  ~. W e  feel t h a t  sa l iva  v iscos i ty  can  be  used as 
an  a id  to  d i s t i ngu i sh  t he  va r ious  phases  of t he  m e n s t r u a l  
cycle b y  w o m e n  and  to p o i n t  ou t  t he  t i m e  of fer t i l i ty .  

Rdsumd. Chez les f emmes  la viscosi t6  de la sal ive mise 
en  r e l a t i on  a v e c l a  t e m p 6 r a t u r e  du  corps  r6v~le le t e m p s  
de l ' ovu l a t i on  aussi  b i en  que  les phases  var i6es  du  cycle 
mens t rua l .  
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The  Effect of I n t r a l u m i n a l  H y d r o s t a t i c  P r e s s u r e  

I n  view of t he  widespread  use of per fus ion  t echn iques  
for the  q u a n t i f i c a t i o n  of i n t e s t i na l  abso rp t ion  in vivo,  i t  is 
surpr iz ing  t h a t  such l i t t l e  a t t e n t i o n  has  been  pa id  to  t he  
inf luence  of i n t r a l u m i n a l  h y d r o s t a t i c  p ressure  on  t he  
p a r a m e t e r s  involved .  Only  an  in f in i t e s imal  p r o p o r t i o n  of 
pub l i c a t i ons  specify t he  pressure  to  wh ich  the  in t e s t ine  
was sub jec ted ,  and  moreove r  in  a r ecen t  rev iew of per-  
fusion techniques ,  e x p e r i m e n t a l  a n d  clinical,  t h e  fac tor  
was no t  even  m e n t i o n e d  I. The  p re sen t  s t u d y  ind ica tes  
t h a t  the  i n t r a l u m i n a l  p ressure  is a sens i t ive  p a r a m e t e r  
wh ich  p lays  a s ign i f ican t  role in  t h e  m a g n i t u d e  of t he  
a b s o r p t i o n  ob ta ined .  

Methods. The  e x p e r i m e n t s  were pe r fo rmed  on mongre l  
dogs fas ted  for 24 h a n d  a n a e s t h e t i z e d  w i t h  p e n t o b a r b i t a l .  
An  ileal loop, 20-30 cm in length ,  was  t i ed  a t  b o t h  ends  
w i t h o u t  i n t e r r u p t i o n  of a n y  b lood  supply.  Cannulae ,  of 
d i a m e t e r  5 mm,  were inse r ted  in to  smal l  incis ions in  t he  
an t i -mesen t e r i c  b o r d e r  a t  each  end.  T he  per fus ion  f luid 

Table I. Influence of hydrostatic pressure on the absorption of water 
by the perfused dog intestine in vivo 

Pressure Absorption 
(era of water) (ml/g dry wt./h) 

0 3.82 =t: 0.53 
10' 6.06 d= 0.68 
20 6.96 =~ 0.89 
30 6.80 ~ 0.70 

~0.05 0.68 
DO.O1 0.90 
~ 1.20 

Results are the means of 11 experiments. Statistical analysis was 
performed by a random-block analysis of variance, each animal 
providing 1 block, since the same loop was used for all studies. The 
values of 'D', the least significant difference between means at a 
given signilicanee level (as indicated by the subscript), were extracted 
from this analysis. 

on Intes t ina l  A b s o r p t i o n  in v ivo  

was passed  t h r o u g h  t he  i n t e s t i na l  l u m e n  b y  means  of a 
t o t a l l y  occlusive p u m p ,  a n d  was r e t u r n e d  to a reservoi r  
for rec i rcula t ion .  The  level  of t he  a p e r t u r e  of t he  out f low 
t u b e  w i t h  r e l a t i on  to t he  in t e s t ine  was changed  a t  will  to  
p roduce  t he  v a r i a t i o n s  in  h y d r o s t a t i c  pressure ,  The  flow 
ra te  of the  p u m p  was a lways  3.3 ml /min .  E a c h  per fus ion  
las ted  for 30 rain,  a f t e r  wh ich  t he  in te s t ine  was careful ly  
d ra ined  of all l iquid,  t he  level  of t he  out f low t u b e  was 
changed ,  and  t he  pe r fus ion  was r e - s t a r t ed  a t  a n o t h e r  
pressure .  General ly ,  4 d i f fe ren t  pressures  were employed  
for each  loop. Af te r  t he  f ina l  per fus ion  period,  the  experi-  
m e n t a l  loop was  excised and  weighed.  Samples  of t h e  
t i ssue  were des icca ted  o v e r n i g h t  a t  110~ so t h a t  t h e  
t o t a l  d ry  we igh t  of t he  e x p e r i m e n t a l  loop could be  
computed .  The  a b s o r p t i o n  was expressed  pe r  g of d ry  
t i ssue  a n d  pe r  h. I n  some exper imen t s ,  t he  v i ab i l i t y  of t he  
mucosa  of t he  per fused  loop w a s  t e s t ed  in v i t ro  a n d  com- 
p a r e d  w i t h  t h a t  of a con t iguous  con t ro l  loop b y  d e t e r m i n a -  
t i on  of i ts  c apac i t y  to  abso rb  label led  p h e n y l a l a n i n e  or 
f i -methyl-glucoside,  accord ing  to p rev ious ly  pub l i shed  
t echn iques  ~. 

The  per fus ion  f luid cons i s ted  of Krebs  b i c a r b o n a t e  
buf fe r  c o n t a i n i n g  0.2% glucose. W a t e r  a b s o r p t i o n  was 
assessed s imp ly  b y  n o t i n g  t he  decrease  in vo lume  of the  
per fusa te ,  whi l s t  sodium,  po tass ium,  chlor ide and  glucose 
c o n c e n t r a t i o n s  were  d e t e r m i n e d  before  a n d  a f t e r  t h e  per-  
fusion,  us ing  f lame p h o t o m e t r y ,  t i t r a t i o n  and  glucose 
oxidase  m e t h o d s  respect ively .  A b s o r p t i o n  of t he  solutes  
was  c o m p u t e d  s imp ly  f rom the  a m o u n t s  per fused  and  t he  
a m o u n t s  recovered.  S t a t i s t i ca l  e v a l u a t i o n  was a lways  
pe r fo rmed  b y  r a n d o m - b l o c k  ana lys i s  of va r iance ,  since 
t he  same loop was used for  all  d e t e rmina t i ons .  

Results. The  a b s o r p t i o n  of w a t e r  b y  t he  per fused  dog 
r a t e s t i ne  was doub led  w h e n  t he  i n t r a l u m i n a l  p ressure  was 
inised f rom 0 to 10 cm of water ,  and  a smal le r  b u t  st i l l  

1 t~. MODIGLIANI, J.C. RAMBAUD and J . J .  BERNIIZR, Digestion 9, 
176 (1973). 
j . W . L .  ROBINSON and V. MIRKOVlTC~, Gut 73, 784 (1972). 
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Very  s i g n i f i c a n t  i n c r e a s e  o c c u r r e d  w h e n  t h e  p r e s s u r e  w a s  
i n c r e a s e d  to  20 c m  ( T a b l e  I).  A t  t h i s  s t a g e ,  a m a x i m m n  
a p p e a r e d  t o  be  a t t a i n e d .  A n a l o g o u s  r e s u l t s  we re  o b t a i n e d  
for  t h e  a b s o r p t i o n  of  s o d i u m ,  p o t a s s i u m ,  c h i o r i d e  a n d  

Table II. Effect of hydrostatic pressure on the absorption of sodium, 
potassium, chloride and glucose from the perfused dog intestine in 
vivo 

Sodium Potassium Chloride Glucose 

Initial concentration 
(mM) 144.6 6.03 129.6 11.23 

Effluent concentration (raM) 
Pressure 0 em water 142.8 6.29 123.8 10.46 
Pressure 10 cm water 142.8 6.36 124.6 10.60 
Pressure 20 cm water 142.9 6.37 125.1 10.84 
Pressure 30 cm water 143.2 6.36 125.2 10.68 

Net absorption (~zmoles/g dry wt.]h) 
Pressure 0 em water 0.574 0.0184 0.592 0.0550 
Pressure 10 cm water 0.928 0.0294 0.890 0.0758 
Pressure 20 cm water 1.008 0.0294 0.986 0.0838 
Pressure 30 cm water 1.034 0.0296 1.016 0.0936 

D0.05 0.130 0.0042 0.132 0.0130 
~ 0.178 0.0058 0.186 0.0178 
D0.001 0.242 0.0078 0.252 0.0242 

Results are the means of 7 experiments. Statistical evaluation using 
a random-block analysis of variance provides the values of 'D' 
quoted. Concerning the effluent concentrations, an analysis of 
variance shows no differences, though each parameter  differs 
significantly from its initial concentration. This implies equal 
absorption of water and solutes. 

Table III. Effect of a pressure of 5 cm of water on absorption from 
dog ileum 

Substance Absorption (per g dry wt/h) 

Water  4.12 4- 0.69 ml 
Sodium 0.654 --  0.110 /xmoles 
Potassium 0.0208 4- 0.0027 ~xmoles 
Chloride 0.604 4- 0.099 ~zmoles 
Glucose 0.0824 • 0.0032 txmoles 

Perfusion performed for 30 min. Results are the means of 9 animals 
(4- SEM). 

Table IV. Control of the viability of the mucosa of perfused loops 

Parameter Control loop Perfused loop 

Tissue water (%) 79.47 • 0.62 79.88 • 0.88 
Extraeellular space (%) 16.3 ~ 0.86 15.7 ~ 0.74 
Phenylalanine transport 9.85 ~ 0.91 9.41 4- 1.29 
{distribution ratio) 
fl-Methyl-glucoside transport 8.24 4- 1.16 7.77 • 1.95 
(distribution ratio) 

Results are the means of 5 experiments ( i  SEM). After 4 perfusion 
sessions, the loop is excised, and compared with a contiguous control 
loop. Samples of mueosa are desiccated overnight for dry weight; 
transport is determined by incubating fragments of inueosa in 1 m M  
14C-labelled substrate for 1 h at 37~ and extracellular space by 
incubating parallel fragments in inulin- ~4COOH. 

g l u c o s e  (Tab l e  I I ) .  T h e r e  w a s  no  c h a n g e  in  t h e  e f f l u e n t  
c o n c e n t r a t i o n  of  a n y  s o l u t e  w h e n  t h e  p r e s s u r e  w a s  v a r i e d ,  
b u t  t h e  q u a n t i t y  a b s o r b e d  i n c r e a s e d  in  t h e  s a m e  p r o p o r -  
t i o n  as  t h e  w a t e r  a b s o r p t i o n .  I n  a s e p a r a t e  se r i e s  o f  
e x p e r i m e n t s ,  a p r e s s u r e  of  5 c m  of w a t e r  w a s  u s e d ,  s i n c e  
t h i s  p r o b a b l y  r e p r e s e n t s  a m o r e  p h y s i o l o g i c a l  c o n d i t i o n ,  
a n d  v a l u e s  i n t e r m e d i a t e  b e t w e e n  t h o s e  of  0 a n d  10 c m  w e r e  
o b t a i n e d  (Tab le  III). T h e s e  r e s u l t s  t e s t i f y  t o  t h e  r e p r o -  
d u c i b i l i t y  of  t h e  e x p e r i m e n t s  in  d i f f e r e n t  dogs ,  a s  wel l  a s  
t o  t h e  i m p o r t a n c e  of  t h e  s m a l l e r  p r e s s u r e  i n c r e m e n t s .  

A t  t h e  e n d  of  t h e  e x p e r i m e n t s ,  a f t e r  a p r e s s u r e  o f  30 c m  
of w a t e r  for  30 ra in ,  t h e  loop  w a s  e x a m i n e d  h i s t o l o g i c a l l y ,  
a n d  f u n c t i o n a l  t e s t s  we re  p e r f o r m e d  in  v i t r o  t o  d e t e r m i n e  
t h e  v i a b i l i t y  of  t h e  m u c o s a .  T h e  h i s t o l o g i c a l  i n v e s t i g a t i o n s  
r e v e a l e d  no  d a m a g e  to  t h e  t i s s u e  a n d  t h e  r e s u l t s  in  T a b l e  
I V  i n d i c a t e  t h a t  s u c h  p r e s s u r e s  do  n o t  h a r m  t h e  f u n c t i o n  
of  t h e  m u c o s a .  

Discussion. T h e  r e s u l t s  of  t h i s  i n v e s t i g a t i o n  d e m o n s t r a t e  
t h e  i m p o r t a n c e  of  c o n t r o l l i n g  t h e  h y d r o s t a t i c  p r e s s u r e  
b o t h  in  a n i m a l  e x p e r i m e n t s  in  v i v o  a n d  in  c l i n i ca l  
i n v e s t i g a t i o n s .  I n d e e d  t h i s  f a c t o r  c o u l d  a c c o u n t  for  t h e  
i m p o r t a n t  d i f f e r e n c e s  r e p o r t e d  in  t h i s  f ie ld .  A n  i n c r e a s e  
in  p r e s s u r e  p r o m o t e s  a c o n s i d e r a b l e  r i se  in  w a t e r  a n d  
s o l u t e  a b s o r p t i o n ;  s i n c e  t h e  e f f l u e n t  c o n c e n t r a t i o n  d o e s  
n o t  a l t e r ,  t h i s  c h a n g e  m u s t  c o n s i s t  of  i n c r e a s e d  a b s o r p t i o n  
of  i s o t o n i c  f lu id .  I t  is  t h e r e f o r e  p r o b a b l e  t h a t  t h e  a u g -  
m e n t a t i o n  p r o v o k e d  b y  r a i s i n g  t h e  p r e s s u r e  u p  to  20 c m  
of w a t e r  is s i m p l y  c a u s e d  b y  o p e n i n g  u p  t h e  fo lds  of  t h e  
i n t e s t i n e  a n d  w i d e n i n g  t h e  i n t e r - v i l l u s  s p a c e s  so  t h a t  a 
g r e a t e r  a b s o r p t i v e  s u r f a c e  is p r e s e n t e d  t o  t h e  s u b s t r a t e .  

I n  t h e  l i t e r a t u r e  of  t h e  l a s t  25 y e a r s ,  we  h a v e  o n l y  
f o u n d  3 s m a l l  s t u d i e s  t h a t  s p e c i f i c a l l y  i n v e s t i g a t e d  t h e  
e f f ec t  of  h y d r o s t a t i c  p r e s s u r e  on  i n t e s t i n a l  a b s o r p t i o n  in  
v i v o * - 5 ;  in  2 cases ,  t h e  r e s u l t s  c o i n c i d e  c lo se ly  w i t h  
o u r s  a, ~. I n  v i e w  of  t h e  w i d e s p r e a d  u s e  of  i n t e s t i n a l  
p e r f u s i o n ,  b o t h  in  a n i m a l s  a n d  h u m a n s ,  we  r e c o m m e n d  
t h a t  in  t h e  c o u r s e  of s u c h  s t u d i e s  t h e  p r e s s u r e  s h o u l d  b e  
c o n t r o l l e d  m o r e  s y s t e m a t i c a l l y  t h a n  a p p e a r s  to  be  t h e  
case .  

Rdsumd. O n  a 6 t u d i 6  l ' i n f l u e n c e  de  la  p r e s s i o n  h y d r o -  
s t a t i q u e  i n t r a l u m i n a l e  s u r  l ' a b s o r p t i o n  d ' e a u ,  d ' g l e c t r o -  
l y t e s  e t  de  g l u c o s e  d a n s  u n e  a n s e  p e r f u s 6 e  d ' i l 6 o n  de  
c h i e n  in  v i v o .  U n e  a u g m e n t a t i o n  de  la  p r e s s i o n  de  0 
10 c m  d ' e a u  p r o v o q u e  u n e  s t i m u l a t i o n  c o n s i d 6 r a b l e  de  
l ' a b s o r p t i o n  i s o t o n i q u e .  U n  p l a t e a u  e s t  a t t e i n t  k 20 c m  
d ' e a u ,  m a i s  m ~ m e  ap r~s  u n e  p e r f u s i o n  ~ 30 c m  d ' e a u ,  la  
m u q u e u s e  n ' e s t  p a s  16s~e. Ces  r 6 s u l t a t s  s u g g ~ r e n t  q u ' i l  
f a u t  eon t r61e r  s t r i c t e m e n t  les  c o n d i t i o n s  de  p e r f u s i o n  d a n s  
de s  e x p 6 r i e n c e s  in  v ivo .  

V. MIRKOVITCH, I-I. 1ViENGE a n d  
J.W.L. ROBINSON6 

D@artement de Chirurgie Expdrimentale, 
Hdpital Cantonal Universitaire, 
CH-1077 Lausanne (Switzerland), 7 May 7974. 

3 D . D .  BLICKENSTAFF, D.iVL BACHMAN, M.]~. STEINBERG and W.B.  
YOUMANS, Am. J. Physiol. 768, 303 (1951). 

4 R. DENNHARDT and F.J .  HABERICH, J. Physiol., Paris 61, 262 
(1969). 
M.G. COAN, F. COSTANTINI, J. FELLNER and H. K. WEIGH% Surg. 
Forum 24, 420 (1973). 

6 Acknowledgments. This work was performed with the help of a 
grant  from Zyma S.A., Nyon. We are grateful to Mine H. CAeT and 
Miles M. AUGSTBURGER, D. METTRAUX and J. VOURON for skflful 
technical assistance. 


