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The Inter-Relationships Between Calcium Absorption and Bile 

I t  has  been shown t h a t  the  addi t ion  of bile and  bile 
salts  increased the  absorp t ion  of calcium from isolated 
loops of the  in tes t ine  of rachi t ic  chicks1, ~. However ,  in 
v i t amin  D3-treated chicks the  increase in calcium absorp-  
t ion in the  presence  of bile, compared  wi th  the  addi t ion  
of the  v i t amin  alone, was small  and of doubt fu l  s ta t is t ical  
s ignif icanceL In  rats,  the  influence of bile on calcium 
absorp t ion  is also conflicting. I t  has  been  found t h a t  
s t imula t ion  of bile flow by  i.p. in ject ion of sodium tauro-  
cholate  increased the  absorp t ion  of calcium 3, while acute  
bi l iary obs t ruc t ion  (2-4 days) had  no effect  4. However ,  
chronic bile duc t  obs t ruc t ion  (16-39 days) decreased the  
absorp t ion  of c a l c i u m !  

There is t hen  still some unce r t a in ty  whe the r  bile is 
d i rec t ly  involved in the  process  of calc ium absorp t ion  in 
normal,  as d is t inc t  f rom rachi t ic  animals.  An inves t iga t ion  
was therefore  carried out  on the  influence of bile and bile 
componen t s  on calcium absorp t ion  in the  normal  chick. 
The p rox imal  in tes t ine  is the  major  si te for calcium 
absorp t ion  in the  in tac t  birdS, 6 and  therefore  segments  
were p repa red  f rom the  d u o d e n u m  for absorp t ion  s tudies  
in vivo.  The init ial  calc ium concen t ra t ion  was  approx i -  
ma te ly  8 mg /ml  solut ion and the  d i sappearance  of cal- 
c ium per  30 min /g  d ry  weight  of in tes t ina l  segments  was  
t aken  as a measure  of calcium absorpt ion.  

The resul ts  of art expe r imen t  on 7-week-old cockerels 
to  de te rmine  the  response  to increasing amoun t s  of bile 
p u t  into the  duodenal  loops are given in Table  I. The 
resul ts  show t h a t  calc ium absorp t ion  was  increased by  
increasing the  init ial  a m o u n t  of bile in the  duodena l  loops. 

E x p e r i m e n t s  were carr ied out  to inves t iga te  w h e t h e r  
bile salts  alone, or in combina t ion  wi th  leci thin (another  
ma jor  c o m p o n e n t  oi bile 7) were responsible  for t he  act ion 

Table I. The influence of bile on calcium absorption from duodenal 
loops of 7-week-old cockerels 

Treatments Ca absorbed Ca absorbed 
(mg/30 min/g dry weight (%) 
of intestinal loops) 

Control  1.83 4- 0.12 21.2 -t- 1.24 
0.2 ml  bile 4.61 i 0:08 53.0 4- 0.65 ~ 
0.4 ml bile 5.86 4- 0.17 67.3 4- 1.23, 
0.6 ml bile 7.59 4- 0.29 85.9 4- 3.74~ 

Means 4- S.E.M. of 4 birds. ~ Significantly different from control and 
one another ( P <  0.001). 

of bile on the  absorp t ion  of calcium. The resul ts  are given 
in Table II .  

Bile salts  exis t  as unassoc ia ted  molecules in very  di lute  
solutions,  bu t  above a cer ta in  concen t ra t ion  (critical 
micellar  concentra t ion)  and t e m p e r a t u r e  (criticaI micellar  
t empera tu re )  t h e y  form polymolecular  aggregates,  known 
as micelles s. The bile salts  used in expe r imen t  2 were 
above the  cri t icat  micellar  concen t ra t ion  (2-3 mM)  ~ and  
crit ical micelIar t e m p e r a t u r e  (below freezing poin t  of 
water)  9 and  were thus  p r e sumab ly  in the  form of s imple 
micelles. In  the  presence of phosphol ip ids  (lecithin) bile 
salts  form mixed,  swollen micelles 9 which  are larger t h a n  
simple micelles 1~ The simple and mixed  micelles bear  

n e g a t i v e  charges on the  outs ide  f rom thei r  polar  groups 
and  counte r  ions such as Na+ and  Ca ++ f rom aqueous  
solut ions associate w i th  these  charges to neutra l ize  t h e m  9. 

The p resen t  results  indicate  t h a t  the  increase in the  
absorp t ion  of calcium is b rough t  abou t  by  mixed  micelles 
f rom bile salts and leci thin r a the r  t h a n  by  bile salts  alone 
as has previous ly  been  suggested ~. Calcium is known to 
b ind  to  h y d ro x y l  carboxyl ic  acids and it is therefore  
possible  t h a t  b o t h  the  h y d ro x y l  groups of the  bile acids 
and the  per iphera l  negat ive  charges of the  mixed  micelles 
could p lay  an i m p o r t a n t  role in calcium b ind ing  and  
consequent ly  in calcium t r anspo r t  processes.  At  p resen t  
the  means  by  which  o ther  in tes t ina l  subs tances  such as 
f a t t y  acids, which  form mixed  micelles wi th  bile salts, 
are f inal ly in t roduced  into the  microvil l i  are no t  fully 
unders tood.  

A process of mixed  micellar absorp t ion  of calcium 
would imply  t h a t  t he  micelles mere ly  br ing the  calcium 
into con tac t  w i th  the  absorp t ion  surface r a the r  t h a n  
being absorbed  and t r anspo r t ed  together ,  because the  
major  site for bile salt  absorp t ion  is the  distal  pa r t  of the  
in tes t ine  and t h a t  for calcium the  p rox imal  pa r t  a, 6, n 

In  t he  absence of bile, calcium absorp t ion  can still 
t ake  place and fu r ther  work  will be required to  de te rmine  
the  re la t ive impor t ance  of micellar  and  non-micel lar  
mechan i sms  in th is  process.  

Zusammen/assung. Es wird  eine posi t ive  Korre la t ion  
der Ka lz iumabso rp t ion  in Kfiken bet s te igender  Gallen- 
menge  gefunden.  Gemisch te  Mizellen der  Galle ans Gallen- 
s~iuren und Lec i th in  waren am wirkungsvol ls ten.  
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Table If. The influence of sodium taurocholate (0.032M), lecithin 
(6 rag) and bile (containing 0.032M bile acids and 2 mg lecithin) 
OH the absorption of calcium 

Trea tmen t s  Ca absorbed Ca absorbed 
(mg[30 min /g  (%) 
dry weight of 
intestinal loops) 

Control 1.97 4- 0.23 25.1 4- 2.9 
Sodium taurocholate 2.54 • 0.11 32.3 -t- 1.4 ~'~ 
Sodium taurocholate + lecithin 3.54 -t- 0.18 45.2 i 2"4b 
Bile . 3.57 -4- 0.31 44.1 i 3-7~ 

Mean values 4- S.E.M. of 6 birds. ~ Significantly different from con- 
trol (P < 0.002). b Significantly different from control (P < 0.001). 
o Significantly different from sodium taurocholate + lecithin and bile 
(P < 0.05). 
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