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Summary.  Immtmo-react ive insulin is found in the 
hepatic bile of normal  rabbits .  Less than  1% of an injected 
dose of bovine insulin reached the bile. When ~25I-bovine 
insulin alone or complexed with ant ibody was given intra-  
venously, only 40% of the  radioact iv i ty  recovered in the  
bile was precipitable with tr ichloracetie acid, and less than  
10% reacted with guinea pig anti-insulin serum. Glucose, 
fructose, galaetose, to lbutamide  and phenformin all caused 
an elevation in bile insulin, which reached a max imum 
40 to 50 rain after the  injection. Alloxan a t tenua ted  or 
abolished these responses. 

L'insuline darts la bile. L'effet de monosacharrides et 
d' agents hypoglycgmiants 

2Rgsumd. On t rouve de l ' insuline immunordactive darts 
la bile h@at ique  de lapins normaux.  2r de 1% d 'une 
dose injeetge d'insuline bovine a t te in t  la bile. Quand de 
l ' insuline bovine 125I, seule ou li6e h l 'anticorps,  est 
administrde par  vole intraveineuse, seulement 40% de la 
radioact ivi td retrouvde darts la bile est pr6cipitable avee 
l 'acide trichloracdtique et moins de 10% rdagit avee le 
s6rum anti-insuline de eobaye. Le glucose, le fructose le 
galactose, le to lbutamide  et la phenformine provoquent  

tous une dldvation de l ' insuline dans la bile, qui a t te in t  
son max imum 40 ~ 50 rain apr~s l ' injeetion. L 'al loxane 
att~nue ou abolie ces rdponses. 

lnsul in  im Gallensaft. Wirkung yon Monosaccharide~ 
und blutzuckersenkenden Substanzen 

Zusammenfassung. Immunoreakt ives  Insulin wird in 
der Leber-Galle normaler Kaninchen gefunden. Weniger 
als 1% einer injizierten Dosis yon Rinder-Insul in erreicht 
die Galle. Wenn man  reines oder an AntikSrper gebunde- 
nes 125I-Rinderinsulin intravenSs verabreicht,  lassen 
sich mi t  Hilfe yon Trichloressigsaure nut  40% der l~adio- 
aktivit/~t ausf/illen, die in der Galle gefunden wird, and  
weniger als 10% reagieren mi t  Mecrschweinchen-Anti- 
Insulinserum. Glucose, Fructose,  Galaktose, Tolbutamide 
mud Phenformin verursachen ein Ansteigen yon Insulin in 
der Galle, welches ein Maximum innerhalb yon 40 bis 
50 Min. nach der In jekt ion  erreicht. Alloxan vermindert  
oder hebt  diese Effekte auf. 

Key-words: Insulin, bile, rabbi t ,  l~sI-insulin, glucose, 
galactose, fructose, tolbutamide,  phenformin, liver. 

Introduction 

I m m u n o - r e a c t i v e  insul in  has  been found  in the  
hepa t ic  bile of a n u m b e r  of an imals  inc luding  m a n  
(LoP~z-QuIJADA a n d  GonI ,  1967; DANIEL and  HEn-  
D]~RSOn, 1967). I t  increases  in a m o u n t  a f te r  an  in t ra -  
venous  in jec t ion  of glucose in  a s imi lar  manne r  to  
p l a s m a  insulin,  a n d  an  infusion of insul in in to  the  po r t a l  
ve in  p roduces  an  increased  concen t ra t ion  of insul in in 
the  bi le  (LoP]~z-QuIJADA a n d  GonI ,  1967). Recen t ly  
JEFFCOATE (1968) has  shown t h a t  gal l  b l adde r  bile 
conta ins  subs tances  which  interfere  wi th  the  es t ima-  
t ion  of immuno- r eac t i ve  insulin.  I n  th is  s t u d y  we have  
i nves t i ga t ed  the  v a l i d i t y  of the  assay  app l i ed  to  f ree ly  
flowing b i le -duc t  bile,  and  have  s tud ied  the  effect on 
b i l i a ry  insul in  flow of a v a r i e t y  of s t imul i  which  are  
k n o w n  to cause a release of insulin.  

Methods 

1. I m m u n o - r e a c t i v e  insul in  (IRI) in hepa t i c  bile 
was measu red  b y  a double  a n t i b o d y  m e t h o d  based  on 
t h a t  of Mo~oAn and  LAZAXOW (1963). H u m a n  insul in  
(NOVO) was u s e d  as s t anda rd ,  a n d  insul in  concentra-  
t ions  were expressed  as micro-uni t s  of h u m a n  insul in /ml .  
100 ~l of sample  or s t a n d a r d  (6.25--200 micro uni t s /ml)  
was i ncuba t ed  wi th  200 ~l of guinea pig  an t i - insu l in  

serum, a n d  100 ~1 of l ~ I - b o v i n e  insul in for 2 - - 3  days  
a t  4~ Then  100 ~1 of 1/1O00 guinea  pig  serum and  
50 ~1 of r a b b i t  an t i -gu inea  pig  serum were added .  Af te r  
2 h a t  4 ~ C the  p rec ip i t a t e  was cent r i fuged and  counted.  
Bile samples  were s tored  a t  - - 2 0 ~  un t i l  insulin est i-  
m a t i o n  was ca r r i ed  out.  

2. B romsu lph tha l e in  (BSP) was ob t a ined  as  a 5 %  
aqueous  solution.  I t s  concen t ra t ion  in  a sample  of bile 
was expressed in  t e rms  of absorbanee  a t  580 m~, a f te r  
t r e a t m e n t  wi th  0.1N N a 0 t I  (K~EBS a n d  B~AUE~, 
1958). A por t ion  of the  same sample  of bile t r e a t e d  wi th  
0.1 N tIC1 was used as a b lank .  I t  was found  t h a t  sam- 
ples of bile t r e a t e d  wi th  an  equal  vo lume of ]3. S .P .  
solut ion gave higher  values  for insul in  t h a n  t h a t  ob- 
t a i ned  wi th  the  or iginal  sample ;  therefore  the  I I~I  
con ten t  of bile was no t  measured  in exper imen t s  where  
B.S.P.  h a d  been used. 

3. Monosacchar ides  were of A N A L A R  grade.  
4. 125I-Insulin (ca. 50~ Ci/~g) was ob ta ined  f rom 

the  Rad iochemica l  Centre,  Amersham.  F o r  in jec t ion  
this  was d i lu ted  wi th  unlabe l led  beef insulin. 

5. Bile duc t  ca the te r i za t ion  was pe r fo rmed  t h rough  
a mid- l ine  incision in r abb i t s  weighing be tween  2 and  
3 kg under  n e m b u t a l - e t h e r  anaesthes ia .  Af te r  l iga t ing  
the  cys t ic  duc t  the  common bile duc t  was l iga ted  close 
to  t he  choledoco-duodenal  junct ion.  A po lye thy lene  
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catheter 0.5 mm i.d. was then inserted into the bile 
duct proximal to the ligature and tied in place. The 
catheter was brought to the surface through a separate 
incision and the abdomen closed. The animal was 
allowed to recover from anaesthesia before an experi- 
ment was carried out. 

Bile was collected into plastic containers in ice over 
10 min periods. The volume was measured, and after 
estimation of I R I  concentration the total biliary insulin 
flow was calculated for each period. No correction was 
made for catheter dead space, which was small in com- 
parison with the flow rates encountered (often 0.1-- 
0.2 ml/min). 

The amount of an injected dose of insulin reaching 
the bile was estimated by subtracting the we-injection 
insulin flow rate from the total amount of insulin 
collected over the period of the experiment. 

6. Following the injection of radioactive material 
the total radioactivity in each 10 rain sample of bile 
was measured in a crystal scintillation counter. Tri- 
chloracetic acid (T.C.A.)-insoluble radioactivity was 
then measured by treating a portion of each sample 
with an equal volume of 15% T.C.A. and counting the 
precipitate. Immuno-reactive radioactivity was meas- 
ured by treatment of a portion of each sample with 
excess guinea pig anti-insulin serum (1/1000), normal 
guinea pig serum (1/1000) and rabbit anti-guinea pig 
serum. The solution was left for 24 h at 4 ~ C, centrifuged 
and the precipitate counted. 

7. 12hi-bovine insulin-antibody complexes were 
prepared by mixing 1 ml (20ng) of 12hi-Insulin with 
1 ml of guinea-pig anti-insulin serum, and leaving for 
48 h at  4 ~ C. By precipitation with rabbit anti-guinea 
pig serum, over 80% of the radioactivity was antibody- 
bound. 

8. Alloxan-treated animals were given subcutaneous- 
ly, 1 g, of alloxan dissolved in phosphate buffer p i t  7.5 
and left for 1 to 2 weeks before catheterization. 

_Results 

1. The effect of dilution on bile insulin concentra- 
tion. 

From Fig. 1 it can be seen that  there was a direct 
proportionality between the dilution of a sample of 
hepatic bile and the calculated concentration of I .R.I.  

2. The recovery of added insulin from bile in vitro. 
The addition of 0.25, 12.5 and 25 ~U of human 

insulin to a sample of hepatic bile resulted in almost 
complete recovery (Fig. 2). 

3. The recovery of injected insulin in bile in vivo. 

a) Unlabelled insulin 
A normal catheterized rabbit was given an intra- 

venous injection of 0.2 units of beef insulin intra- 
venously. A gradual increase in bile insulin content 
followed, which reached a peak within 30 rain (Fig. 3). 
However, the total collected was less than 0.1% of the 
injected dose. Further injections of 1.0 and 2.0 units of 
insulin gave similar results. 

b) Radioactive insulin 
A catheterized rabbit was given 1.8 units of 125I- 

bovine insulin intravenously, followed by 0.2 ml. of 
B.S.P. solution to act as a marker in the bile. There 
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Fig. 3. The recovery of 0.2, 1.0 and 2.0 units of intra- 
venously injected bovine insulin in bile of a normal rabbit. 

The figures in parenthesis are percentage recoveries 

was a rapid increase in the concentration of ]~.S.X 3. in 
the bile, which reached a peak after 30rain (Fig. 4). 
There was a peak of radioactivity soon afterwards, but 
T.C.A.-insoluble radioactivity represented less than 
40% of this and showed a gradual dechne over the 
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period of the experiment. Less than  3% of the injected 
radioactivi ty was recovered in the bile in this time. 
Because of the effect of B.S.P. on the estimation of 
insulin (see methods), the experiment was repeated with 
the omission of B.S.P. Once again, less than 40% of the 
radio-activity was T.C.A.-insoluble, and only about  
10% reacted with insulin antibody. 
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F ig .  4. The  r e c o v e r y  of  r a d i o a c t i v i t y  i n  b i l e  a f te r  the  
intravenous injection of 1.8 units of l~SI-bovine insulin 

and 0.2 ml. of BSP solution (50 mg/ml) 

@--@ Total  radioactivi ty in each 10 rain sample (counts/ 
m ] n )  

o - - o  T.C.A.-insoluble radioactivi ty in each 10 rain 
sample (counts/rain) 

A - - A  B.S.P. concentration (A 580 mU) 

c) Insulin ant ibody complexes. 
Insulin complexed with ant ibody is effectively a 

larger molecule than  insulin alone. The effect of anti- 
body on the handling of insulin was investigated. 
0.65 ml of a solution containing lzsI-insulin-antibody 
complexes was given intravenously to a normal 
catheterized rabbit.  As in the previous experiment, 
only about  40% of the radioact ivi ty reaching the bile 
was precipitable with T.C.A., and immunoreactive 
material  represented less than  10% of the total. 

4. The effect of monosaccharides on insulin levels 
in the bile of normal and alloxan-treated rabbits. 

Normal  rabbits were given 3g  of glucose as a 50% 
solution intravenously. This caused a marked increase 
in the amount  of insulin reaching the bile (Fig. 5). 
This at tained a maximum after about  50 rain and then 
slowly declined. Fructose and galactose caused similar 
but  much smMler changes. Alloxan-treated animals 
had lower fasting levels for bile insulin and although 
the administration of fructose, galaetose and glucose 
was sometimes followed by  increases in biliary insulin, 
these were usually less than  those seen in normal ani- 
mals (Fig. 5). 

5. The effect of tolbutamide on insulin in the bile of 
normal and alloxan-treated rabbits. 

Using a catheterized animal, 50 mg of tolbutamide 
given intravenously caused a small rise in bile insulin 
(Fig. 6. Rabbi t  A). Three hours after this injection a 
second injection of 100 mg tolbutamide gave a larger 
rise, which reached a max imum after 60 rain. Three 
hours after this injection a third dose of 200 mg had 

very little effect. This procedure was repeated in an- 
other rabbit, but  this t ime starting with the highest 
dose (Fig. 6. Rabbi t  B). 400 mg of tolbutamide caused 
a transient drop in bile insulin, but  this was followed 
by  a rise with a maximum after 40 min and a slow 
decline. A second injection (200 mg) gave a similar 
response without the initial drop. A third injection 
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5. The effect of intravenous injections of mono- 

sacharides on bile insulin content 
normal rabbits 
alloxan-treated rabbits 

(100 rag) of tolbutamide was associated with a gradual 
fall in the bfliary insulin flow. 

In  contrast, 3 animals which had been t reated with 
alloxan 2 weeks before the experiment showed little or 
no response to 200 mg of tolbutamide. 

6. The effect of phenformin 
A normal rabbi t  was first given 2 ml of saline intra- 

venously as a control. This was associated with a fall 
in tile total  amount  of bile insulin collected, mainly as 
a result of decreased concentration rather  than  de- 
creased flow, Three hours later an intravenous injection 
of 10 mg of phenformin hydrochloride in 2 ml of saline 
produced a marked rise in bile insulin, which continued 
for 2 h. Three hours later, i.e. one hour after the end 
of the previous experiment, a further injection of 10mg 
of phenformin gave a similar result (Fig. 7). By  contrast, 
in 2 alloxan-treated animals phenformin had no effect 
on bile insulin flow. 
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I t  was unfortunate tha t  it was not possible to 
measure plasma insulin levels simultaneously with bile, 
as peripheral venous constriction after bile duct 
catheterization made it  very difficult to obtain ade- 
quate amounts of blood. However, in uncatheterized 
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Fig. 6. The effect of repeated injections of tolbutamide on 
the bile insulin content of normal rabbits 
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Fig'. 7. The effect of intravenous phenformin on the bile 

insulin content of a normal rabbit 
a) (o) 2 ml of 0.151Y[ sodium ehtoride 
b) (@) and c) (A) 2 ml of 0.15M sodium chloride contain- 

ing 10 mg of phenformin 

animals there was a consistent rise of 10--20 ~U/ml 
in plasma insulin after the administration of 10 mg of 
phenformin intravenously. 

Discussion 
The results presented here confirm the findings of 

LoPEz-QuIZA])A and Gore  (1967), and show that  IRI ,  
can be detected in the hepatic bile of rabbits even 
though the highly concentrated bile from She gall 

bladder may  interfere with the assay (JEFFCOATE, 
1968). 

The dilution and recovery experiments (Figs. 1 
and 2) show tha t  the double ant ibody assay can be 
applied to freely flowing bile obtained from the bile 
duet by  catheterization. 

Only 0.1% of injected insulin appeared in the bile, 
and it was not possible to cause a significant increase 
in this fraction with increasing dosage (Fig. 3). 

With radioactive insulin, 3% of injected radio- 
activity reached the bile but  of this only one tenth 
reacted with specific antiserum. There was a discrep- 
ancy between the value of T.C.A.-precipitable and the 
immunoreactive fraction. This may  have been due to 
an inhibitory effect of bile on the insulin-antibody 
reaction, but this is unlikely as the nearly complete 
recoveries of added insulin demonstrated (Fig. 2). 
Alternatively, a proportion of the T.C.A.-insolubte 
material  may  have been insulin fragments unable to 
react with antiserum. Insulin eomplexed with ant ibody 
behaved in a similar manner to insulin alone as far as 
appearance in bile was concerned. The experiments do 
not preclude the possibility tha t  dissociation of the 
complexes took place in vivo, or tha t  the small amount  
of insulin reaching the bile had not originally been 
combined with antibody. 

Fructose and galaetose do not stimulate insulin 
production by  rabbi t  pancreas in vitro ( C o o ~  and 
RAND~dhL, 1964). The small rises in bile insulin seen 
after galactose and fructose in  vivo are presumably due 
to their conversion to glucose. 

Tolbutamide, which stimulates insulin release from 
the pancreas (CooI~]~ and RANDALL, 1964), also caused 
an increase in bile insulin. This response appears to be 
not only dose dependent, but  also capable of exhaustion 
by repeated stimulation (Fig. 6). A similar exhaustion of 
the plasma insulin response in man after repeated 
stimulation by  tolbutamide has been reported by  
1)FiEIrFEI~ et  M. (1961). 

Phenformin, which has a hypoglycaemie effect in 
man and may  suppress insulin release stimulated by  
glucose (BOSWELL etal., 1968), unexpectedly caused an 
increase in biliary insulin flow. I t  is not possible to 
deduce from these results whether this is due to a direct 
effect on the pancreas or some mechanism in the liver 
releasing insulin into the bile. 

No conclusions can be drawn from these experi- 
ments on the mechanism by  which insulin is transferred 
from blood to bile when the plasma insulin is raised. 
Bile has been shown to contain small amounts of 
different proteins, most of which are immunologically 
identical with plasma proteins, and the serum/bile con- 
eentration ratio for a protein decreases with decreasing 
molecular weight (HARDWICKE et al., 1964). I t  is not 
surprising therefore, tha t  a small protein such as insulin 
is found in the bile. The present work indicates tha t  
the transfer of insulin from plasma to bile is almost as 
rapid as tha t  of B.S.P., which is in par t  conjugated and 
then excreted into the bile after an initial hepatic 
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uptake (CooMBS, 1964). However ,  insul in  m a y  also 
reach  the  bile v ia  t he  space of Disse as  sugges ted  b y  
LOPEZ-QUIJADA and  GoNI (1964). A l though  SCSULTZE 
and  I-IE~E~ANS (1966) have  ind i ca t ed  t h a t  a l y m p h a t i c  
rou te  m a y  exis t  for o ther  serum prote ins ,  the  ac tua l  
demons t r a t i on  of a phys ica l  connect ion  be tween  bile 
canulicul i  and  the  space of Disse has,  however ,  on ly  
been possible  in  pa tho log ica l  s ta tes  (NovlKOFF and  
ESSNE~, 1960). 
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