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for instance,  ~4C-edrophonium was e l imina ted  via  the  
bi l iary canaliculus, its concen t ra t ion  in bile should be 
reduced (and its ra te  of excre t ion  unaffected)  dur ing  
choleresis induced by  agents  ac t ing on ducta l  or duc tu la r  
mechanisms.  In  fact, c i rcumstan t ia l  evidence S suggests  
t h a t  all the  qua t e rna ry  amine  t h a t  gains access to paren-  
chymal  l iver cells is rap id ly  metabol ized  to a 3-oxyglucu- 
ronide pr ior  to  excre t ion  by  the  canaliculus. 

In  the  p resen t  exper iments ,  the  inf luence of secret in on 
the  e l iminat ion  of 1~C-edrophonium in bile was mos t  
marked  dur ing  the  f irs t  5 rain. The init ial  increase in 
bi l iary e l iminat ion m a y  be due to  the  t r ans i en t  h igh 
concen t ra t ion  of the  drug in t he  per iduc ta l  and peri-  
duc tu la r  capillaries immed ia t e ly  af ter  its in ject ion into 
the  hepa t ic  ar ter ial  t ree  (i.e., before equi l ibrat ion th rough-  
out  ex~racellular fluid has occurred).  In  general,  the  
bi l iary excret ion p a t t e r n  in b o t h  control  and  secret• 
infused animals  appears  to  accura te ly  reflect  the  rapid  
removal  of ~4C-edrophonium f rom the  circulation, since 
the  drug is a lmos t  comple te ly  cleared f rom extracel lular  
fluid wi th in  20 min  of i.v. admin i s t r a t ion  s. 

In  previous exper iments  3, it  was shown t h a t  the  bi l iary 
e l iminat ion  of unchanged  l*C-edrophonium was signific- 

an t ly  grea ter  af ter  in ject ion into the  hepa t ic  a r t e ry  t h a n  
af ter  infusion into the  por ta l  vein. Bo th  these  s tudies  and 
the  resul ts  of the  p resen t  expe r imen t s  suppor t  the  hypo-  
thesis  t h a t  unchanged  ~C-ed rophon ium is d i rec t ly  t rans -  
ferred f rom p lasma  to  bile across the  ducta l  or duc tu la r  
epi thel ium.  

Rdsumd. On a 6tudi6 l 'effet  de la s6cr6tine sur l '61imina- 
t ion bil iare de ~C-edrophon ium et mont r4  que ce t te  
excr4t ion est  s ign i f ica t ivement  plus 41ev6e p e n d a n t  
l ' in jec t ion  de la s4cr4tine. 
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E f f e c t  of  S o d i u m  D e o x y c h o l a t e  o n  N e t  T r a n s i n t e s t i n a l  M o v e m e n t  i n  t h e  U r a e m i c  R a t :  A c u t e  E x p e -  

r i m e n t s  1 

Bile salts  were repor ted  to increase in tes t ina l  absorp-  
t ion of various hydrophi l ic  substances~, 8. I t  has  been 
suggested t h a t  the  mechan i sm of act ion consists  of an 
a l te ra t ion  of m e m b r a n e  s t ruc ture  ~,5. If  increased solute 
lumen- to-b lood  (l-b) t r ans fe r  is t he  resul t  of an al tered 
m e m b r a n e  p e r m e a b i l i t y ,  t hen  increased solute t ransfer  
in the  opposi te  d i rect ion should also be possible. 

The purpose  of t he  p resen t  inves t iga t ion  was to  de- 
t e rmine  the  effects of an uncon juga ted  bile salt, sodium 
deoxychola te  (NaDC), on ne t  solute b lood- to- lumen (b-l) 
t ransfer  in t he  uraemic  r-at. Increased  in tes t ina l  el imina-  
t ion of uraemic waste  p roduc t s  could be helpful  in the  
m a n a g e m e n t  of uraemia.  

Materials and methods. Male WC albino r a t s  (450 to  
600 g b o d y  weight)  Were b inephrec tomized  by  bi la teral  
lumbar  incision 36 h prior  to expe r imen t s  and  fas ted 
(with wa te r  allowed ad lib• The exper imen t s  were 

carried out  using in situ single loop p repara t ions  under  
l ight  e ther  anesthaesia .  A midl ine  incision was made  to  
locate the  small  intest ine.  A segment  of 35 cm of the  
p rox imal  smal l  in tes t ine  ( approx ima te ly  3 cm from the  
l igament  of Treitz) was carefully l igated a t  its two  ends. 
No major  blood vessels were occluded by  these  ties. 3 ml  of 
a p r e w a r m e d  mannitol-NaC1 solut ion in the  presence  or 
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Net transintestinal solute and water flow with control solution A (no NaDC) and with solution B containing 2 mM NaDC (mean 4- S.D.) 

Solution A B A B A B 
(control) (NaDC) (control) (NaDC) (control) (NaDC) 

No. of segments 7 6 6 8 6 6 

Time of exposition 10 min 10 min 15 min 15 rain 30 min 30 rain 

Sodium ([zEq/em) al.41 • 0.90 ~1.18 • 0.61 ~1.36 j_ 0.30 ~2.45 • 0.97 ~3.77 i 1.66 a4.15 4- 2.16 
(p = NS) (p < 0.05) (p = NS) 

Potassium ([xEq/em) ~0.31 • 0.07 ~0.38 4- 0.06 ~0.39 4- 0.04 ~0.52 4- 0.08 ~0.48 4- 0.09 ~0.58 4- 0.09 
(p = NS) (p < 0.01) (p = NS) 

Calcium ([zg/em) ~2.05 q- 0.87 ~2.74 4- 1.37 ~2.26 4- 1.44 ~2.36 • 1.04 ~2.75 4- 0.91 ~3.41 • 1.75 
(p = NS) (p = NS) (p = NS) 

Water ([zl/cm) b8.5 4- 9.1 ~11.1 4- 6.8 b8.2 • 2.6 b8.9 4- 4.8 ~8.8 4- 12.1 ~15.8 4- 10.3 
(p = NS) (p = NS) (p = NS) 

~net b-i transfer, bnet l-b transfer. 
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absence  of 2 m M  N a D C  were in jec ted  in to  t h e  i n t e s t i n a l  
loop, b y  m e a n s  of a syr inge  a n d  needle.  The  loops were 
excised 10, 15 or 30 ra in  a f te r  in jec t ion ,  t h e  so lu t ion  in t he  
loops was w i t h d r a w n  as comple t e ly  as possible,  a n d  t h e  
an ima l s  were sacrif iced.  Mean  p l a s m a  u rea  level  d u r i n g  
t he  e x p e r i m e n t s  was  280 mg/100  ml,  m e a n  p l a s m a  c res t -  
th ine  level  was  9 rag/100 ml.  Two types  of so lu t ion  of 
iden t ica l  osmola l i ty  (320 mOsm/kg )  were used. Cont ro l  
solut ion A c o n t a i n e d  220 m M  m a n n i t o l  and  50 m M  
NaC1. Solu t ion  B c o n t a i n e d  220 m M  mann i to l ,  48 m M  
NaC1, a n d  2 m M  NaDC.  B o t h  so lu t ions  were a d j u s t e d  to  
p H  7.0 b y  sma l l  a m o u n t s  of N a O H .  No s ign i f ican t  change  
in t he  p H  of t he  so lu t ions  occur red  d u r i n g  t h e  experi-  
men t s .  Urea ,  c rea t in ine ,  p h o s p h o r u s  a n d  ca lc ium were 
d e t e r m i n e d  w i t h  t he  Techn icon  Auto  Ana lyze r  (model  
SMA 12/60), sod ium a nd  p o t a s s i u m  b y  f lame p h o t o m e t r y .  
Ne t  w a t e r  m o v e m e n t  was  ca lcu la ted  f rom t he  w e i g h t  
d i f ference of in j ec ted  and  w i t h d r a w n  solut ion.  

Results. The  F igu re  i l lus t ra tes  an  increase  in ne t  b-1 
t r ans f e r  of c r ea t in ine  a f te r  15 and  30 m i n  and  of phos-  
p h o r u s  a f te r  10, 15 a n d  30 m i n  w i t h  2 m M  N a D C  in t he  
lumen .  These  increases  were p r o b a b l y  s ign i f ican t  for 
c r ea t in ine  (p < 0.05) and  s ign i f ican t  for  p h o s p h o r u s  
(p < 0.01) w h e n  c o m p a r e d  to  va lues  of con t ro l  so lu t ion  

200 

18C 

160 

o 

' ~  140 
:=L, 

o ~ 120 

10o 

3,00 

~- 2.50 

2.00 

1.50 
c 

l.OC 
o 

ss ~ 
s S 

#s ~ 

1'0 1'5 30min 
Time of exposJtion 

/ 
/ r sS. ,s  S 

iO I'5 30rain 
Time of exposition 

4.00 

_~E 3.50 

:~00 
~o 
= 2.50 

2,00 

~. 1.40 
g_. 

a.o 
o 

t t 
d t 

,0 ,; 3?mio 
Time of exposition 

Net urea, creatinine and phophorus b-1 flow with control solution A 
(no NaDC) in the lumen and with solution B containing 2 mM NaDC. 
O, solution A; 0, solution B. 

c o n t a i n i n g  no NaDC. N e t  c r e a t i n i n e  b-1 t r ans f e r  a f t e r  
10 ra in  d id  no t  differ  f rom control .  The  increase  in ne t  
u rea  b-1 f low was no t  s t a t i s t i ca l ly  s ignif icant .  Mean  
va lues  per  cm of loop are ind ica ted .  12 ins t i l l a t ions  were 
pe r fo rmed  in each  period.  

The  Tab le  shows s ign i f i can t ly  increased  n e t  sod ium 
(p < 0.05) a n d  p o t a s s i u m  (p < 0.01) b-1 t r a n s f e r  (mean  • 
S.D.) w i t h  2 m M  N a D C  in t he  l u m e n  for 15 rain.  Ne t  
sodium,  po ta s s ium,  ca lc ium a n d  w a t e r  f luxes  were no t  
s ign i f i can t ly  d i f fe ren t  f rom con t ro l  a f te r  t h e  10 and  t he  
30 ra in  ins t i l l a t ion  periods.  

Discussion. Bile sa l ts  ac t  on  i n t e r m e d i a t e  m e t a b o l i s m  
of t he  sma l l  in t e s t ine  in a comp lex  m a n n e r .  Besides  t he  
emul s i fy ing  effect  on  l ipophi l ic  subs t ances  a n d  t he  
increase  of t h e i r  absorp t ion ,  i n h i b i t i o n  of i n t e s t i n a l  
a b s o r p t i o n  b y  b lock ing  var ious  e n z y m a t i c  processes6, v 
and  e n h a n c e m e n t  of i n t e s t i n a l  a b s o r p t i o n  of hyd roph i l i c  
subs t ances  2, 3 h a v e  been  repor ted .  Inc reased  sma l l  i n t e s t ine  
p e r m e a b i l i t y  to  hyd roph i l i c  subs t ances  ha s  b e e n  a t t r i b u t -  
ed to d i r ec t  ac t ion  of bi le  sa l ts  on  mucosa l  s t ruc ture .  If  
t he  a l t e r a t i o n  of t h e  m e m b r a n e  resu l ted  in increased  
a b s o r p t i o n  b y  increased  pass ive  1-b m o v e m e n t ,  t h e n  
pass ive  b-1 m o v e m e n t  could be  equa l ly  increased.  

The  p r e sen t  i n v e s t i g a t i o n  shows t h a t  ne t  c rea t in ine ,  
phosphorus ,  sod ium a n d  p o t a s s i u m  b-1 f luxes were sig- 
n i f i can t ly  increased  w h e n  2 m2kr N a D C  were p r e s e n t  in  
t he  l u m e n  of t h e  p r o x i m a l  ha l f  of u r aemic  r a t  in tes t ine .  
Th i s  increase  could be  due  to  increased  m e m b r a n e  per-  
m e a b i l i t y  a n d / o r  to  i n h i b i t e d  ac t ive  I-b t r anspo r t .  Since 
c r ea t i n ine  t r a n s i n t e s t i n a l  m o v e m e n t  seems to i nvo lve  no  
ac t ive  t r a n s p o r t  s y s t e m  s increased  m e m b r a n e  pe rmeab i l -  
i t y  could p l ay  a role. Inc reased  p e r m e a b i l i t y  due  to  
i r revers ible ,  tox ic  changes  of t he  m u c o s a  m u s t  be  consid-  
ered 9-n.  I n  a n  e x p e r i m e n t a l  series in  non -u ra~mic  rats ,  
so lu t ions  iden t i ca l  to  con t ro l  so lu t ion  A b u t  c o n t a i n i n g  
0.6, 1.0, 2.0 or 5.0 m2V[ N a D C  were in jec ted  in to  i so la ted  
chronic  j e j una l  loops, on  3 consecu t ive  days  d u r i n g  5 h. 
No lesions were obse rved  in l igh t  mic roscopy  w h e n  N a D C  
c o n c e n t r a t i o n  was  2 m M  or less ( unpub l i shed  work).  The  
resul t s  of increased  j e j una l  p e r m e a b i l i t y  w i t h  2 m M  
N a D C  in t h e  l u m e n  accord  w i t h  d a t a  o b t a i n e d  b y  t h e  
pe r fus ion  of chronic  j e j una l  loops in t he  u r aemic  r a t  (in 
p repa ra t ion ) .  

Inc reased  m e m b r a n e  p e r m e a b i l i t y  to  n i t rogenous  
subs t ances  and  e lec t ro ly tes  could be  interesLing in t he  
m a n a g e m e n t  of chronic  u r a e m i a  in t he  h u m a n .  

Zusammen/assung. I n  v ivo  gel ingt  der  Nachweis ,  dass  
der  T r a n s p o r t  yon  Krea t in in ,  Phospho r ,  N a t r i u m  u n d  
K a l i u m  yore  B l u t  in  das  L u m e n  des D i innda r rn s  bet  
u r g m i s c h e n  R a t t e n  d u t c h  N a t r i u m d e s o x y c h o l a t  gestei-  
ger t  wird.  
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