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SUMMARY 

1. Decreas ing  the incuba t ion  m e d i u m  N a  + concent ra t ion  below phys io logica l  
levels resul ted in a decrease in b i l i rub in  up take  by the ra t  in tes t ina l  mucosa.  

2. P re incuba t ion  in Na+- f ree  m e d i u m  which lowered the in t race l lu la r  N a  + 
con ten t  had  no effect on b i l i rub in  up take  dur ing  incuba t ion  in normal  K r e b s -  
R i n g e r - T r i s .  

3. Ethacrynic  acid  inhib i ted  the b i l i rub in  up take  from a 142 m M  N a  + medium 
wi thou t  a l ter ing the t issue N a  + level. 

4. The up take  of  b i l i rub in  depended  more  on the ex t race l lu la r  than on the 
in t race l lu lar  N a  + concent ra t ion .  The resul ts  suggest  the existence of  a Na+-depen  - 
dent ,  e thacrynic  acid-sensi t ive mucosa l  up take  of  b i l i rubin .  This  process  may  be 
med ia t ed  by a N a + - N a  + exchange mechanism across the luminal  membrane  o f  in- 
tes t inal  cells. 

INTRODUCTION 

Previous invest igat ions  1'2 d e m o n s t r a t e d  the in vitro capac i ty  of  rat  intest inal  
mucosa  to t ake  up b i l i rubin  and to t rans loca te  the p igment  t ransmura l ly .  The previous 
f indings suggested the existence of  a fac i l i t a ted  diffusion mechan i sm for b i l i rub in  
Coupl ing  effects with N a  + are  known to occur  for a great  var ie ty  of  solutes that  
are wholly  or  pa r t i a l ly  t r a n s p o r t e d  by fac i l i ta ted  diffusion 3. The present  repor t  demon-  
s t ra tes  the role o f  N a  + in b i l i rubin  up take  by in tes t ina l  mucosa .  The up take  of  
b i l i rub in  depended  mos t  on the ex t race l lu la r  N a  + concent ra t ion .  

METHODS 

The uptake  of  b i l i rubin  by in tes t inal  slices was de te rmined  by a t issue accumu- 
la t ion  me thod  descr ibed in de ta i l  previous ly  2. Briefly, the intest ine was excised from 
a ra t  sacrificed by cervical  d is loca t ion ,  r insed wi th  phys io logica l  saline and cut into 
100-200 mg wet weight  slices open lengthwise to prevent  t r app ing  o f  med ia  inside 
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the tissue. A Krebs-Ringer solution 4 buffered with Tris-HCl instead of phosphate 
and bicarbonate served as the Na+-containing control medium. The experimental 
media contained 0.142 M choline chloride or 0.284 M mannitol in place of 0.142 M 
NaCI. It was necessary to use sodium taurocholate to solubilize bilirubin, so that 
the experimental media contained in some experiments 5 mM Na +. All media were 
considered osmotically equivalent. 

The slices were equilibrated in the buffer in which they were incubated. Some 
samples were preincubated during 30 rain prior to incubation with 0.3 mM bilirubin 
in one of the media. The 10-min equilibration period as well as the pre- and incubation 
periods were done under oxygen atmosphere. Only the mucosal fraction was assayed 
because more than 750,~ of the total intestinal wall incorporation of bilirubin cor- 
responds to this fraction ~. 

Na +, K + and tissue water were determined in slices shaken for 45 rain (100 
oscillations/min, 5 cm throw) in a water bath at 37 °C in the media stated in Table III. 
The slices were removed from the bath, rinsed thrice with an isoosmotic iced sucrose 
solution and gently blotted on filter paper. The mucosal fraction was sliced s and 
weighed before and after being dried at 105 °C overnight. Then, the slices were im- 
mersed in 2 ml of 2 M HNO3 and shaken at room temperature for 24 h. Na + and K + 
were measured by flame photometry in aliquots of the extraction fluid and expressed 
in mequiv/kg dry tissue wt. Total tissue water content was expressed as g/g dry 
tissue wt. The other techniques were described previously 2. 

Ethacrynic acid and ouabain were analytical grade and provided by Merck 
Sharp and Dohme and Sigma, respectively. 

RESULTS 

Bilirubin uptake as a function of  time 
The mucosal bilirubin uptake rate was constant during 0-15 min where the 

tissue uptake was linear as shown in Fig. 1. The uptake at 15 min gives a reasonably 
good measure of medium-tissue unidirectional bilirubin flux. 

Effect o f  Na + concentration in incubation medium and in tissue on bilirubin uptake 
The data shown in Table I demonstrate that the mucosal bilirubin uptake rate 

was significantly decreased by incubation in the experimental media containing 5 mM 
Na +, regardless of the Na + concentration in the preincubation media. When Na + 
was replaced by choline chloride, the results (0.065_+0.009 (4)) did not differ from 
those obtained when Na + was replaced by mannitol. There was no significant differ- 
ence in the bilirubin uptake of tissues incubated in the control media after preincu- 
bation in media containing no Na + or 142 mM Na +. 

Effect o f  varying medium bilirubin concentration 
Uptake was measured at bilirubin concentrations varying from 03  mM to 

20 mM in the incubation medium. This was done at two levels of Na + concentration 
(142 mM and 5 mM). The Lineweaver-Burk plot 6 in Fig. 2 shows that a lir.ear 
relationship for bilirubin uptake occurred at the two levels of Na + concentration. 
The K,, corresponding to 142 mM and 5 mM were 0.90 and 2.86 mM, respectively. 
The Vvalue was the same (2/zmoles/g wet wt per h) in the media containing 142 mM 
or 5 mM Na +. 
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Fig. 1. Bilirubin uptake as a function of incubation time. Each point is the mean _+ S.E. of four 
observations. 

TABLE I 

The effect of varying the Na + concentration in the preincubation and incubation media on 
bilirubin uptake (#moles/g wet wt per 15 rain). Preincubation time, 30 min; incubation time, 
15 rain; initial bilirubin concentration 0.3 mM; number of observations in parentheses. 

Incubation Preincubation 

- -  142 m M  Na + 0 m M  Na + 

142mM Na + 0.143_+0.011 (24) 0.157_+0.011 (12) 0.147+0.015(10) 
5 mM Na++284 mM mannitol 0.051 _+0.004 (21) 0.064_+0.012 02) 

Doubl ing  taurochola te  concent ra t ion  in the incubat ion medium did not  affect 

bi l i rubin uptake as a funct ion of  med ium bi l i rubin concentra t ion nor  the kinetic 
parameters .  

Ef fec t  o f  ethacrynic acid and ouabain on bilirubin uptake  

These two drugs which al ter  N a  + t ranspor t  in epi thel ial  tissues 7'8 have 

different effects on tissue bil irubin uptake.  Table  I! shows that  a significant difference 
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Fig. 2. The reverse of the bilirubin uptake rate estimated from 15-min uptake as a function of 
the inverse of the bilirubin concentration in the incubation medium. 0, 142 mM Na+; ©, 5 mM 
Na + plus 284 mM mannitol. 

TABLE II 

The effect of ethacrynic acid (0.031-1.0 mM) or ouabain (1.0 mM) on bilirubin uptake (,umoles/g 
wet wt per 15 rain). The tissue was preincubated in 142 mM Na + media containing the stated 
concentration of ethacrynic-acid or ouabain. The incubation period (15 rain) began with the 
addition of 0.3 mM bilirubin to the media. Number of observations in parentheses. 

m M  Bilirubin uptake 

Ethacrynic acid Ouabain 

0.000 
0.031 o. 140 + 0.015 (7) 
0.125 0.103 -+ 0.007 (6) 
0.500 0.092 _+0.008 (9) 
1.000 0.073 -+ 0.003 (7) 

0.145 _+0.015 (16) 

0.146_+ 0.012 (10) 

in b i l i rubin  uptake was observed from media conta in ing  1 m M  ethacrynic acid com- 
pared to 1 m M  ouaba in  (P<0.001) .  The uptake of b i l i rub in  was dependent  on the 
dose of e thacrynic  acid in the medium.  

Tissue water, N a  + and K + levels 

Table III  shows the water, Na  + and K + levels found in the tissues under  the 
exper imental  condi t ions.  The values obta ined under  the 142 m M  Na + and 284 m M  
mann i to l  condi t ions  agree with those reported by Bosa6kov~t and Crane 9. It  is evident 
tha t  the tissue N a  + conten t  was significantly decreased by incuba t ion  in the mann i to l  
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TABLE 111 

The effect of mannitol, ouabain or ethacrynic acid on the water content and Na ~ and K content 
in the mucosal slices. Incubation time, 45 rain; mean +S.E.; number of observations in paren- 
theses. 

Treatment Water content 
(g/g dr), wt) 

t42 mM Na ~ 4.62+0.09(12) 365+19(12) 
284 mM mannitol 3.04_+0.14 (12) 62_+ 14 (12) 
142 mM Na + 

plus 1 mM ouabain 4.78_+0.20(15) 383_+23 (8) 
142 mM Na q 

plus 1 mMethacrynicacid 4.35+0.15(15) 388+ 9 (8) 

Na ~ content K i content 
(mequiv/kg dr), wt) (mequiv/kg dry wt ) 

367+ I0 (12) 
276+ 19 (12) 

378_+21 (15) 

334_+ 10 (12) 

med ium.  The add i t ion  of  1 m M  ouaba in  or  1 m M  e thacryn ic  acid to the 142 mM N a  + 
incuba t ion  med ium failed to s ignif icant ly a l ter  the t issue N a  + content .  

The  ext race l lu lar  water  conten t  of  the slices was e s t ima ted  on the basis of  the 
previously  de te rmined  tissue ext racel lu lar  space 2. These da ta  were subtracted f rom 
the co r re spond ing  to ta l  wate r  conten t  of  the slices to ob ta in  the in t racel lu lar  water  
content .  This  las t  value and the N a  ÷ tissue content  was used to es t imate  the intra-  
ce l lu lar  N a  ÷ concen t ra t ion  (mM).  The mean  difference between the ext racel lu lar  and 
in t race l lu la r  N a  + concen t ra t ion  af ter  t r ea tmen t  with 1 m M  ethacrynic  acid was 
28.03 +4 .68  m M  (14). This  value did not  differ s ignif icant ly f rom that  co r respond ing  
to incuba t ion  in the 142 m M  N a  ÷ m e d i u m  alone (29.08_+6.51 m M  (12)). 

DISCUSSION 

A grea t  number  of  solutes,  most  o f  which present  an uphi l l  t r anspor t  capac i ty .  
are  t r ans loca ted  across membranes  by co t r anspo r t  systems which require  Na  + 

(refs 3, 10-14). 
The present  results  indicate  that  b i l i rubin  up take  by the rat  in tes t inal  mucosa  

depends  on :  (a) a Na+- independen t  process  which p r o b a b l y  represents  equ i l ib r ium 
d i s t r ibu t ion  in the ext race l lu lar  space and amoun t s  to 1/3 of  the to ta l  mucosal  uptake  
and (b) a N a + - d e p e n d e n t  process  which represents  the rest  of  the mucosal  uptake.  

It is to be noted  tha t  p r e incuba t ion  and incuba t ion  in 142 m M  N a  ÷ media  
which  subs tant ia l ly  lowered the difference in the m e d i u m - t i s s u e  N a  ÷ concent ra t ion  
was not  accompan ied  by a decrease in t issue b i l i rubin  up take .  On the o ther  hand,  
t issue N a  ÷ deple t ion  p roduced  by p re incuba t ion  in no N a  + med ium which increased 
the m e d i u m - t i s s u e  N a  ÷ difference was not  accompan ied  by an increase in b i l i rubin  
up take .  These facts, toge ther  wi th  the differences in up take  between t issues incubated  
in 142 m M  N a  + or  5 m M  N a  +, i r respect ive of  the previous  t r ea tmen t  of  the t issue 
(Table I), suppor t s  the view tha t  one impor t an t  p a r a m e t e r  which inf iue,ces  bi l i rubin 
up take  is the  ex te rna l  N a  + concen t ra t ion .  

The effect o f  a low external  N a  + concent ra t ion  was not  nonspecific or  irre- 
versible.  Bil irubin up take  was comple te ly  react iva ted  wi thin  15 min by placing a N a  +- 
deficient intes t inal  segment  in a 142 m M  N a  + med ium (Table I). This  low N a  ÷ effect 
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d id  not  depend  on the decrease of  m e d i u m  ionic s t rength  when mann i to l  was used 
as the same resul t  was ob ta ined  when chol ine ch lor ide  replaced NaCI .  

The l inear  re la t ionsh ip  of  the doub le - rec ip roca l  p lo t  suggests the existence of  
sa tura t ion  kinetics of  the M i c h a e l i s - M e n t e n  type  for the in terac t ion  of  b i l i rubin  with 
i ts b inding  sites in the t issue. Lower ing  the N a  + concen t ra t ion  in the incuba t ion  
med ium increased the K,, of  the system wi thou t  a l te r ing  the V value. This  indicates  
tha t  N a  + increases the affinity of  the t r a n s p o r t  mechanism for bi l i rubin.  

Ethacrynic  acid lower ing of  b i l i rub in  up take  was not  med ia ted  by a modif i-  
ca t ion  o f  the in t race l lu lar  N a  + content  7. It could  have acted by b locking  a N a  + -  
N a  + exchange mechan i sm 15 or  by a l te r ing  the fo rma t ion  of  a c a r r i e r - s u b s t r a t e - N a  + 
complex  for b i l i rubin  t rans loca t ion .  

On the o ther  hand,  ouaba in  did  not  affect t issue b i l i rub in  up take  nor  e lectrolyte  
levels. This  last is in accordance  with the  demons t r a t i on  ~6 tha t  in this  s t ructure  N a  + 
movements  are not  med ia t ed  in a significant manne r  by an ouabain-sens i t ive  
( N a + - K + ) - A T P a s e .  
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