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Exper iments  on dogs and rabb i t s  have shown that the inc rease  in ca lc ium excre t ion  with the bile af ter  
introduction of its sa l ts  into the gas t ro - in tes t ina l  t r ac t  or  por ta l  vein is accompanied by increased  ATPase  
and alkaline phosphatase  act ivi ty of the l iver  t issue.  El iminat ion of ca lc ium f rom the blood into the bile in 
dogs takes place against  the concentra t ion gradient ,  demons t ra t ing  the act ive c h a r a c t e r  of t r a n s p o r t  of these  
ions by the l iver  cel ls .  

Exist ing hypotheses  concerning the mechan i sm of pas sage  of e lec t ro ly tes  into the bile by t r a n s -  and 
in te rce l lu la r  f i l t ra t ion through cap i l l a ry  m e m b r a n e s  [3] and by active sec re t ion  [1] a re  based on data for  
the b i l e - p l a s m a  ra t io  of monovalent  ions, and do not take into considera t ion the specia l  fea tures  of calc ium 
t ranspor t .  The m e m b r a n e  b a r r i e r  between the blood and bile is known to be pe rmeab le  only for  substances  
of low molecu la r  weight [2]. Consequently,  because  calc ium has the abil i ty to fo rm complexes  with prote ins  
and other  organic  compounds,  it cannot diffuse f r ee ly  into the bile and a ce r ta in  expenditure of energy  is r e -  
quired to provide for  its t r anspor t .  

The object  of the p re sen t  investigation was to study the re la t ionship  between Ca++ t r anspo r t  f rom the 
blood into the bi le,  m e t a b o l i s m  of phosphorous  compounds,  and the intensi ty of phosphoryla t ion in the l iver .  

EXPERIMENTAL METHOD 

Inc reased  el iminat ion of ca lc ium f rom the bile was brought  about in dogs and rabbi t s  in l ong- t e rm ex-  
pe r imen t s  by introduction of a 2.5% solution of calc ium lactate  (30 m g / k g  body weight) into the duodenum, 
and in acute exper imen t s  by injection of 1% CaC12 solution d i rec t ly  into the portal  vein. E lec t ro ly tes  were  
de te rmined  by f lame photomet ry ,  total and inorganic phosphorus by the F i s k e - S u b b a r o w  method,  alkaline 
phosphatase  act ivi ty  of the l iver  t i ssue by the use of Na- f i -g lyce rophospha te ,  and ATPase  activi ty by the use 
of adenos ine -5 - t r iphosphor ic  acid (incubation for 1 h and 20 rain, r e spec t ive ly ,  at 37~ The resu l t s  obtained 
were  subjected to s ta t i s t ica l  ana lys is .  

EXPERIMENTAL RESULTS 

Long-term experiments on dogs in which calcium lactate was injected into the duodenum showed that 

during the first 15-30 rain after administration of the salt its concentration in the bile increased from 

8.1 • 0.28 to 12.5 • 42 meq/liter. During the next hour the calcium concentration was 32-48% over the con- 

trol level, falling toward the end of the second hour to 11% over the control. There was a stimultaneous in- 

crease in the concentration of inorganic phosphorus from 15.6 • 0.55 to 21 • 1.26 rag%. The increase in 

concentration of inorganic phosphates was accompanied by a slight decrease in the fraction of organic phos- 

phates. 

The study of these processes in dogs and rabbits under acute experimental conditions showed thatwith 

an increase in the elimination of calcium by the liver, produced by infusion of CaCl 2 solution into the portal 

blood flow, the phosphatase activity of the liver was sharply increased. 

The ATPase activity in dogs rose by a statistically significant degree (by 33.2%) after injection of 
CaC12 solution, and the alkaline phosphatase activity rose by 37.6%. in rabbits the alkaline phosphatase 
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TABLE i. 

(M + t) 

Changes in Phosphatase  Activity of Liver  T issue  during Inc rease  Ca ++ E l imination with the Bile 

Index 

A TPase  act ivi ty of l iver  t i ssue (in 
mg inorganic P / g  t i ssue)  

Alkaline phosphatase  act ivi ty  of  l iver  
t i ssue (in mg  inorganic P / g  t i ssue)  

Ca ++ concentrat ion in bile tin m e q /  
l i ter  

El iminat ion of total Ca with bile 
(in ~ eq/kg/h) 

control  

7.23+ 0.38(13) 

3.90~- 0.39(13) 

6.9• 0.5(13) 

1.7+ 0o21(13) 

Dogs 

2 h af ter  infu- 
sion of CaC12 

control  

14.55+ 0.41(15) 

2.17+ 0.21(15) 

2.6+0.08(15) 

10.8+0.88(15) 

9.63* 0.38(13) 
P < 0.001 

5.37+ 0.42(13) 
1 ~ < 0.02 

10.9+1.0(13) 
P < 0.01 

3.6-~ 0.42(13) 
P < 0.02 

Rabbits 

2 h af ter  infu- 
sion of CaC12 

15.36~- 0.55(15) 
P<O.I  

3.21+ 0.32(15) 
P < 0.01 

4.4+ 0.45(15) 
P < 0.001 

14.4+ 1.48(15) 
P < 0.05 

Note. Number  of observa t ions  given in pa ren theses .  

act ivi ty ro se  by m o r e  than 42%, but the inc rease  in ATPase  act ivi ty  did not exceed 5~ of the con t ro lva lue .  
Meanwhile,  a ma rked  inc rea se  was observed  both in the concentra t ion of Ca in the bile and also in the total  
Ca e l iminated with the bile (Table 1). Its concentra t ion in dogs r o s e  by 57.9%, and the b i l e - p l a s m a  ra t io  
reached  1.64 : 1. Whereas  in c a r n i v o r e s ,  the calc ium concentra t ion in the bile is higher  than in the blood 
p l a sma ,  in rabbi t s  the b i l e - p l a s m a  ra t io  does not exceed 0.7 : 1. 

After  adminis t ra t ion  of CaC12 the ca lc ium concentra t ion in the bile inc reased  during the next 2 h by 
m o r e  than 69%, reach ing  4.4 J= 0.45 m e q / l i t e r  compared  with 5.9 + 0.41 m e q / l i t e r  in the blood p l a sma .  

Differences  between the calc ium composi t ion of the bile in ca rn ivorous  and herb ivorous  an imals  a re  
evidently explained by the higher  concentrat ion of bile acids ,  l ipoprotein complexes ,  and other  osmot ica l ly  
act ive subs tances ,  which play an impor tan t  role  in the m e c h a n i s m  of Ca t r anspo r t  f rom the blood into the 
bile against  the concentra t ion gradient ,  in the bile of dogs. The high concentrat ion of organic  anions in the 
bile of dogs is also re f l ec ted  in the concentra t ion of monovalent  ions.  Whereas  the sodium level  in the bile 
of the ca rn ivo res  was 8-15% higher  than i ts  concentra t ion in the blood p l a s m a ,  and the po tass ium concen t ra -  
tion was 30-31% higher ,  in rabbi t s  their  concentra t ions  in the bile were  higher than in the p l a sma  by 6-8 and 
10-13%. 

Analysis  of these r e su l t s  indicates d i f fe rences  in the abil i ty of the l iver  of dogs and rabbi t s  to concen-  
t ra te  e lec t ro ly tes  in the bi le.  Since the bile of c a rn ivo re s  has  a higher concentrat ion than the blood, this in- 
d icates  that the el iminat ion of ca lc ium is not a s imple  f i l t ra t ion p r o c e s s  but one of act ive t r anspor t ,  involv- 
ing the par t ic ipat ion  of ATPase  and alkaline phosphatase  enzyme s y s t e m s  and also the phosphate me tabo-  
l i sm in the l iver  which is  connected with their  act ivi ty.  
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