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Capac i ty  and R e s i s t a n c e  to F l o w  of Rat  B i l i ary  
Tree  D u r i n g  Sa l ine  Re f lux  

Acute  o b s t r u c t i o n  of the  c o m m o n  bite d u c t  p roduces  a n  
i m m e d i a t e  increase  in i n t r a b i l i a r y  pressure ,  d i s t ens ion  of 
t he  b i l ia ry  tree,  and,  f inal ly,  b i l i a ry  r egu rg i t a t i on .  I n  r a t s  
t he  r i s ing pressure  s tabi l izes  a t  a b o u t  16 c m  bile. Th i s  
pressure ,  p rev ious ly  t h o u g h t  to  b e  t h e  m a x i m u m  sec re to ry  
pressure  of t he  hepa t i c  cells, m a y  be t he  p ressure  a t  w h i c h  
t he  r e g u r g i t a t i o n  r a t e  equaN t he  sec re t ion  r a t e  ~. F u r t h e r -  
more,  a l t h o u g h  r e g u r g i t a t i o n  is n o t  seen  to  s t a r t  a t  pres-  
sures  below a b o u t  12 cm bile, t h e  poss ib i l i ty  of a c o n s t a n t  
basa l  r e g u r g i t a t i o n  c a n n o t  be  exc luded .  

M e a s u r e m e n t  of t he  res i s t ance  to  flow of t he  b i t i a ry  
m e m b r a n e ,  a n d  of t he  c a p a c i t y  of the  b i l i a ry  t ree,  a t  dif-  
f e ren t  pressures ,  m i g h t  he lp  solve these  p r o b l e m s  a n d  also 
lead to a ful ler  u n d e r s t a n d i n g  of t i le f u n c t i o n a l  n a t u r e  of 
the  b i l i a ry  t ree,  especia l ly  d u r i n g  obs t ruc t i on .  

The  res i s t ance  of t he  b i l i a ry  m e m b r a n e  d u r i n g  obs t ruc -  
t ion  of t he  c o m m o n  d u c t  c an  be ca lcu la ted  f rom t he  i n t r a -  
b i l i a ry  pressure  a n d  t he  r e g u r g i t a t i o n  ra te .  T h e  regurg i t a -  
t ion  r a t e  c a n n o t  be m e a s u r e d  di rect ly ,  b u t  t he re  is evi-  
dence  1 t h a t  i t  is t he  same  as t he  con t ro l  flow r a t e  p r o v i d e d  
the  d u r a t i o n  of o b s t r u c t i o n  is suf f ic ien t  for s t e a d y - s t a t e  
cond i t ions  to  be  reached.  I n  a series of 20 ra ts ,  t h e  re- 
s i s t ance  to  flow of t he  b i l i a r y  m e m b r a n e  was 1.22 (S.E. 
d: 0.28) un i t s  whe re  i n t r a b i l i a r y  p ressure  was m e a s u r e d  
in cms  bile a n d  bile f low in # m l / m i n .  

F u r t h e r  m e a s u r e m e n t s  of  b i l i a ry  m e m b r a n e  r e s i s t ance  
were o b t a i n e d  b y  o b s e r v i n g  t h e  i n t r a b i l i a r y  p ressu re  
d u r i n g  t h e  re f lux  of sa l ine  so lu t ion  i n to  t h e  c o m m o n  bite 
d u c t  a t  k n o w n  flow ra tes .  T h e  r e g u r g i t a t i o n  r a t e s  t h u s  
p r o d u c e d  were f a s t e r  t h a n  those  p r o d u c e d  b y  o b s t r u c t i n g  
t h e  c o m m o n  d u c t  b u t  d id  n o t  a p p e a r  to  p r o d u c e  d a m a g e  
s ince t h e  b i l i a ry  t ree  a f t e r w a r d s  b e h a v e d  n o r m a l l y  as  
r ega rds  b i l i a ry  flow ra te ,  m a x i m u m  pressure -head ,  etc.  

T h e  c a p a c i t y  of t he  b i l i a ry  t ree  was  m e a s u r e d  a t  differ-  
e n t  pressures  b y  t he  dye  m e t h o d  descr ibed  e lsewhere  2. 

The  e x p e r i m e n t a l  a r r a n g e m e n t  cons i s ted  of c a n n u l a t i n g  
t he  r a t  bi le  d u c t  w i t h  a smal l  t h r e e - w a y  cannu la .  At-  
t a c h e d  to  t he  c a n n u l a  was a pressure  r ecorde r  ( S t a t h a m  
t r a n s d u c e r )  a n d  a v a r i a b l e  f ixed-f low pe r fus ion  p u m p .  T h e  
p u m p  could be  i n s t a n t l y  d i s connec t ed  and  t he  r e s um ed  
bi le  flow reco rded  b y  a d rop -coun te r ,  t he  i n d i v i d u a l  d rops  
be ing  col lected s e p a r a t e l y  w h e n  requ i red  for ana lys i s  of 
dye  c o n t e n t .  

D u r i n g  acu te  o b s t r u c t i o n  of t he  c o m m o n  bile d u c t  t he  
capac i t y  of the  r a t  b i l i a ry  t ree  increases  to  a p p r o x i m a t e l y  
doub le  t h e  u n d i s t e n d e d  value ,  t he  c apac i t ance  inc reas ing  
w i t h  pressure  ~. The  r a t e  of increase  was  n o t  m a i n t a i n e d  
a t  h i g h e r  p ressures  o b t a i n e d  b y  per fus ion  of t he  c o m m o n  
bi le  duc t .  I n  fac t  t h e  r e su l t s  were  qu i t e  va r i ab le .  Thus ,  
w i t h  p ressure  h e a d s  of a b o u t  25 cm l:ile, a sma l l  f u r t h e r  
increase  of c a p a c i t y  was  found  w i t h  some  an imal s ,  whi le  
o the r s  s h o w e d  no  c h a n g e  or  e v e n  a smM1 decrease  in  
c a p a c i t y  as c o m p a r e d  w i t h  t h e  phys io log ica l ly  d i s t e n d e d  
tree.  

I t  t he re fo re  a p p e a r s  t h a t  l i t t l e  f u r t h e r  d i s t ens ion  of  the  
b i t i a ry  t ree  occurs  in response  to increase  i n t r a b i l i a r y  
pressures  a b o v e  t h a t  p ressure  n o r m a l l y  p r o d u c e d  b y  ob-  
s t r u c t i o n  of the  c o m m o n  bile duc t .  

The  ca lcu la ted  res i s t ance  to  f low of t he  b i l i a ry  m e m -  
b r a n e  is s h o w n  p lo t t ed  a g a i n s t  t h e  m e a s u r e d  i n t r a b i l i a r y  
pressure  in  F igure  1 ( symbol  *). T he  res i s t ance  of t he  
b i l i a ry  m e m b r a n e  becomes  v e r y  large a t  p ressures  be low 
a b o u t  12 cm bile. The  res i s tance  changes  v e r y  l i t t le  a t  
pressures  above  a b o u t  20 cm bile a n d  a p p a r e n t l y  no t  a t  all  
above  a p p r o x i m a t e l y  50 cm bile (not  shown) .  

The  h igh  res i s t ance  ca lcu la ted  a t  i n t r a b i l i a r y  pressures  
of a p p r o x i m a t e l y  12 cm bite is n o t  conclus ive  ev idence  for 
t h e  absence  of a basa l  r egurg i t a t ion ,  since t he  n o r m a l  flow 
r a t e  is a s s u m e d  to  con t inue  t h r o u g h o u t  t h e  e x p e r i m e n t  
a n d  r e p r e s e n t s  t he  m i n i m a l  r e g u r g i t a t i o n  r a t e  in  s u c h  
expe r imen t s .  However ,  s imi la r  e x p e r i m e n t s  on  l iv ing  r a t s  
w i t h o u t  bi le  f low showed  good a g r e e m e n t  (Figure  t ,  
s y m b o l  o)  a n d  t h e  pressures  m e a s u r e d  w i t h  v e r y  tow 
per fus ion  r a t e s  s u p p o r t  t i le v iew t h a t  r e g u r g i t a t i o n  is n o t  
s ign i f i can t  be low a p ressure  of  a p p r o x i m a t e l y  12 c m  biIe. 
I t  t he re fo re  a p p e a r s  t h a t  t h e  r a t e  of bi le  f low f rom t h e  
c a n n u t a  is s u b s t a n t i a l l y  t he  s a m e  as t h e  sec re to ry  r a t e  
w i t h i n  t he  pressure  r a n g e  0-12  c m  bile. 

The  s imi l a r i t y  of the  p ressure  re f lux  c u r v e s  o b t a i n e d  
w i t h  secre t ing  and  non- sec re t ing  r a t s  (F igure  2) con f i rms  
the  view, expressed  elsewhere1,  t h a t  t he  sec re to ry  pres-  
sure  of t h e  l iver  cell c a n n o t  be  m e a s u r e d  b y  s i m p l y  ob-  
se rv ing  t he  h e i g h t  of t he  c o l u m n  of bi le  p r o d u c e d  in a 
ve r t i ca l  cannu la .  The  m a x i m u m  i n t r a b i l i a r y  p ressure  
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Fig. 1. The observed intrabiliary pressures plotted against the re- 
sistance to flow of the biliary membrane (expressed in arbitrary 
units) calculated from the total regurgitation rate during reflux 

experiments. 
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Fig. 2. The relationship existing between regurgitation rate and intra- 
biliary pressure during reflux experiments, The regurgitation rate is 

calculated from flow rate ~ perfusion rate. 

1 G. BARBER-RILEY, Am. J. Physiol. 205, 1127 (1963). 
G. BA.RnER-Rn,EY, Am. J. Physiol, 205, 1122 (1963). 
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deve loped  fol lowing o b s t r u c t i o n  of t h e  c o m m o n  bile d u c t  
d e p e n d s  u p o n  the  i n t e r r e l a t i o n s h i p  of one var iab le  fac to r  
( the r a t e  of  b i l ia ry  secre t ion)  w i t h  a n o t h e r  (the r e s i s t ance  
to  flow of  t h e  b i l ia ry  m e m b r a n e ) .  

T h e  r e su l t s  of  t h e s e  e x p e r i m e n t s  s u g g e s t  a b i l i a ry  t ree  
w i t h  t w o  c o m p o n e n t s .  T h e  first ,  a n  elast ic  c o m p o n e n t ,  
d i s t e n d i n g  in  r e sponse  to  p r e s s u r e  in  a p r ed i c t ab l e  m a n -  
ner,  b u t  w h i c h  a t t a i n s  m a x i m a l  d i s t ens ion  a t  a r o u n d  
16 c m  bile p ressure .  T h e  s e c o n d  c o m p o n e n t  c o n s i s t i n g  of 
p o t e n t i a l  holes,  w h i c h  b e c o m e  p a t e n t  a t  a b o u t  12 c m  bile 
p ressure ,  en la rge  in r e sponse  to  inc reas ing  p res su re ,  a n d  
r e a c h  a m a x i m a l  ef fec t ive  a rea  a t  a b o u t  50 c m  bile 
p ressure .  

Rdsumd. L ' 6 c o u l e m e n t  ref lux,  la capac i t6  e t  la r6sis- 
tance  des  voles  bil iaires du  r a t  o n t  6t6 m e s u r 6 s  h d i f f6rentes  
press ions .  O n  a pu  d 6 m o n t r e r  : (1) q u e  les r ami f i ca t i ons  des  
voles  bi l iaires o n t  u n e  c o m p o s a n t e  re f lux  e t  u n e  e o mp o -  
s a n t e  d i l a t ab le ;  (2) que  1~ r 6 g u r g i t a t i o n  de  bite ne  se pro-  
d u i t  p a s  ~ des  p res s ions  n o r m a l e s ;  (3) q u e  la , p r e s s i o n  
s6cr6tr ice m a x i m u m , )  d6pend  du  d6b i t  de  la  s6cr6t ion  e t  
de la r6s i s t ance  de la m e m b r a n e .  

G. BARBER-RILEY 

Department o[ Physiology, University o/Malaya, 
Kuala Lurnpur (Malaysia), March d, 1965. 

Effet du 5 , 6 - d i m ~ t h y l - b e n z i m i d a z o l y l - c o b a m i d e -  
c o e n z y m e  sur  l ' i n c o r p o r a t i o n  des  ac ides  a m i n 6 s  

d a n s  les  pro t6 ines  

L a  p r6sen te  no te  d6cr i t  les cond i t i ons  e x p 6 r i m e n t a l e s  
qu i  n o u s  o n t  p e r m i s  de m e t t r e  en  6vidence  u n e  s t i m u l a -  
t i o n  p a r  le 5, 6 - D i m 6 t h y l - b e n z i m i d a z o l y l - C o b a m i d e -  
C o e n z y m e  (DBC-Coenzyme)  de l ' i n c o r p o r a t i o n  des  ac ides  
amin6s ,  d ' u n e  p a r t  darts  les p ro t6 ines  de  c o u p e s  de foie 
p r o v e n a n t  de  r a t s  carenc6s  ou n o n  en  v i t a m i n e  13~s 
( c y a n o c o b a l a m i n e )  e t  incub6es  in v i t ro ,  d ' a u t r e  p a r t  d a n s  
les p ro t6 ines  p l a s m a t i q u e s  du  s a n g  c i r c u l a n t  ehez  le r a t  
n o n  carenc6.  

Matdriel et mdthodes. N o u s  a v o n s  ut i l is6 des  r a t s  W i s t a r  
m~les,  d ' e n v i r o n  150 g p r o v e n a n t  d ' u n  61evage h o m o g ~ n e .  
E n  ef fe t  ( t r a v a u x  n o n  publi6s)  des  r a t s  de  m ~ m e  sexe,  de  

Tableau I. Incorporation de leucine 1~C dans les protNnes de coupes 
de foie d'animaux carenc~s (les valeurs sont donndes en c.p.m, pour 

10 mg de coupe) 

S~rie Exp6- T6moins Cyano- DBC- 
riences eobalamine Coenzyme 

I a 770 1240 1530 
b 690 1210 1720 
c 350 670 840 

II a 690 860 1590 
b 540 760 1710 
c 590 750 910 

Sdrie L Les animaux ont regu 16 h avant l'exp6riencc 250/2g de 
cyanocobalamine ou de DBC-Coenzyme pour 100 g de poids d'animal, 
par sondage gastrique. Les t6moins reqoivent une solution de s6rum 
physiologique. 
Sdrie II. La cyanocobalamine et le DBC-Coenzyme sont ajout6s/~ la 
concentration de 8" 10 *M au milieu d'incubation. Chaqne exp6- 
rience a, b, c, correspond/i une manipulation diff6rente. Les coupes 
faites ~ partir d'animaux ~ jeun depuis 24 h sont ineub6es h raison de 
150 Ing de poids humide (pes6es h la balance de torsion apr&s essorage 
sur papier-filtre) pour 2 inl de nfilieu de base: solution de EARLE la 
sans calcium, eontenant 2 °/0 de glucose, 0,25 pc]ml de l-leueine 
uniform6ment inarqu6e au 14C (radioactivit6 sp6cifique 630 #c/mg) 
et 50 m#M de chacun des 19 autres acides aminds eommuns, non 
radioactifs. Incubation ~1 37°C pendant 30 min en a6robiose. L'incu- 
bation est arr6tde par addition d'acide triehlorac6tique, puis les 
6chantillons sont d6eontaminds et leur radioactivit6 ddterminde2. 

m 6 m e  poids,  p r o v e n a n t  d ' u n  61evage homog~ne ,  apr~s u n  
jeflne d ' a u  m o i n s  24 h plac6s d a n s  des  cond i t i ons  exp6ri -  
m e n t a l e s  iden t iques ,  o n t  en  g6n6ral  u n  c o m p o r t e m e n t  
a n a l o g u e :  a ins i  d a n s  u n e  m 6 m e  s6rie d ' exp6r iences ,  la  
d i spe rs ion  des  r 6 s u l t a t s  c o n c e r n a n t  l ' i nco rpo ra t i on  des  
ac ides  amin6s ,  d a n s  les coupes  de foie ou d a n s  les pro-  
t6 ines  s a n g u i n e s  des  a n i m a u x ,  es t  t r~s faible.  

Les  r a t s  carene6s  en e y a n o e o b a l a m i n e  o n t  6t6 p r6par6s  
en  les s o u m e t t a n t  p e n d a n t  p lu s i eu r s  s e m a i n e s  a v a n t  
l ' exp6r ience  ~ u n  r~gime d 6 p o u r v u  de  ce t t e  v i t a m i n e  1. 
Le D B C - C o e n z y m e  es t  la  m 6 m e  p r 6 p a r a t i o n  q u e  celle 
ut i l is6e lors  d ' u n  t r a v a i l  qu i  a 5ait l ' ob je t  d ' u n e  pub l i ca -  
t i on  an t6 r i eu re  ~, les a u t r e s  d6ta i l s  t e c h n i q u e s  s o n t  d o n n 6 s  
d a n s  les l~gendes  des  T a b l e a u x .  

Rdsultats. L ' e x a m e n  des  T a b l e a u x  I e t  I I  m o n t r e  q u e  
l ' i n c o r p o r a t i o n  des  acides  a m i n 6 s  d a n s  les p ro t6 ines  des  
c o u p e s  de foie d ' a n i m a u x  ca renc6s  en c y a n o c o b a l a m i n e  
es t  n e t t e m e n t  inf6rieure ~ celle qui  a lieu d a n s  les coupes  
de foie d ' a n i m a u x  n o n  carenc6s.  

L ' a d m i n i s t r a t i o n  de c y a n o c o b a l a m i n e  16 h a v a n t  l ' ex-  
p6rience,  a u x  a n i m a u x  carenc6s,  s e mb l e  r a m e n e r  l ' incor-  
p o r a t i o n  des acides  a mi n 6 s  A u n  n i v e a u  vo is in  de celui que  
n o u s  t r o u v o n s  p o u r  les a n i m a u x  non  carenc6s .  L a  c y a n o -  
c o b a l a m i n e  n ' a  q u e  p e u  d ' e f f e t  si elle es t  s e u l e m e n t  

Tableau I I. Incorporation de leucinc 1~C dans los protdines de coupes 
de foie d'animaux non carenc6s (les valeurs sont donndes en c.p.m. 

pour 10 mg de coupe) 

S6rie Exp6- T6moins Cyano- DBC- 
riences cobalamine Coenzymc 

I a 1450 1420 2070 
b 1010 1070 1320 
c 1020 1060 1580 

It a 1240 1280 1510 
b 1350 1320 1630 
e 1110 1050 1470 

Conditions: voir Tableau I. 

x W. G. JASFE et C. A. ELVEttJE.~I, J. biol. Chenl, 287, 169 (1947). 
F. MEYER et J. P. ZALTA, C. r. hebd. Sdanc. Acad. Sci., Paris 260, 
291 (1965). 


