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Early appearance of serum proteins in dog bile
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Abstract
Background and aim: The mechanism of secretion of plasma proteins into bile has been shown for rats but not for higher animals and for humans. Since dogs are a 
much better model for human beings, the experiments were performed in dogs. 

Methods: The radioactive precursor amino acid leucine was injected into the dog vein and the increase of free radioactivity and of the protein bound radioactivity in 
serum and in bile was followed.

Results: The secretion time for plasma proteins in the dog was 8-20 minutes. The secretion of radioactive proteins into bile showed a smaller peak after 20 minutes 
and a steep increase after 45 minutes. 

Conclusion: The biphasic appearance of radioactive proteins in bile indicates that the majority of bile proteins are derived from serum, a small amount, however, 
is secreted by hepatocytes directly into the bile.
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Introduction
It has been demonstrated that the quantitatively most important 

proteins in bile, albumin and IgA [1], are transferred from plasma into 
bile [2]. However, it is unknown whether hepatocytes can secrete these 
proteins also directly into bile. If proteins are exclusively transferred 
from plasma into bile, radioactive proteins should not be detectible in 
bile earlier than in plasma after IV injection of a radioactive precursor 
amino acid. To determine if hepatocytes secrete newly synthesized 
proteins into bile directly, we studied the secretion of radioactively 
labeled proteins into bile and into plasma in the dog. The experiments 
were performed with dogs since it has been shown that for the study of 
the transport of IgA from plasma to bile dogs are a suitable model for 
humans in contrast to rats or rabbits [3].

Methods
The experiments were performed in two not anesthetized female 

boxer dogs, weighing 20 (24) kg. Both dogs were equipped with a 
permanent Thomas cannula. A bile duct catheter was placed through 
the Thomas cannula and bile was collected at two minutes intervals. 
Bile flow was kept constant by infusion of 20 µmol taurocholate per 
minute. After i.v. injection of 250 µCi 1-14-C-leucine (59 mCi/mmol) 
plasma samples were drawn every 2 minutes. Protein radioactivity was 
measured according to Mans and Novelli [4]. Protein was measured by 
the method of Lowry [5]. Bile acids were measured enzymatically [6]. 
Dogs were kept and treated strictly according to the guidelines of the 
health department of the city of Berne, Switzerland.

Results
After injection of 250 µCi 1-14-C-leucine (59 mCi/mmol) it 

decreased rapidly in serum (Figure 1 and 2). Radioactively labeled 
proteins in serum were detectable after 10 to 14 minutes and increased 
exponentially. In bile non protein bound radioactivity appeared already 
after 6 minutes in dog 2 (Figure 2), reaching a peak after 15 minutes. 

In dog 1 non protein radioactivity appeared after 12 minutes, reaching 
a peak after 25 minutes (Figure 1). Radioactively labelled proteins in 
bile appeared after 10 and 14 minutes and increased rapidly with a 
peak after 20 or 30 minutes, respectively (Figure 3). After 45 minutes 
the radioactively labeled proteins in bile increased in parallel to the 
radioactive proteins in serum (Figure 3). Biliary protein excretion with 
about 2 mg/min, remained constant during the experimental period, 
whereas the specific radioactivity of bile proteins increased by time 
(Figure 4 and 5). Bile flow with about 400 µl/min, bile acid excretion 
with about 60 µmol/min also remained constant.

Discussion
The biphasic appearance of radioactively labeled proteins in bile 

with a minor peak after 12 minutes and a steep increase after 50 minutes 
indicates that the majority of plasma proteins in dog bile were derived 
from serum. A small amount, of serum proteins in bile, however, was 
secreted by the liver directly into bile. This is compatible with results 
of experiments performed with rat. 13 out of 16 major proteins of rat 
bile are derived from serum. Only three proteins are derived from 
hepatocytes or plasma membranes [7]. Experiments in mice have also 
shown that albumin in bile predominantly originates from plasma 
and only a small amount is directly secreted from the hepatocytes into 
bile [8]. The fact that the serum proteins are delivered into dog bile in 
the same way as in mice and rat strongly indicates that in humans the 
proteins are delivered into human bile in the same way. 
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Figure 1. Non protein and protein radioactivity in serum and bile after i.v. injection  of 14-C-leucine into dog 1

Figure 2. Non protein and protein radioactivity in serum and bile after i.v. injection of 14-C-leucine into dog 2.
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Figure 3. Appearance of radioactively labeled proteins in serum and bile of the dog after 
i.v. injection of 14-C-leucine.

Figure 4. Excretion and specific radioactivity of bile proteins in dog 1

Figure 5. Excretion and specific radioactivity of bile proteins in dog 2
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Conclusion
The secretion time for plasma proteins in the dog is 18-20 minutes. 

The biphasic appearance of radioactive proteins in bile with a smaller 
peak after 20 minutes and a steep increase after 45 minutes indicates 
that the majority of bile proteins are derived from serum, a small 
amount, however, is secreted by hepatocytes directly into the bile.
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