
Abstract  

Fish has a unique, non-respiratory vascular system called secondary circulation, which forms 

capillary networks to the internal and external body surfaces. We compared protein composition 

in serum from the secondary circulation with that from the primary (
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eggshell protein) revealed that these major blood serum proteins in the primary circulation are 

present in the secondary circulation. Total protein concentrations in the secondary circulation 

were lower than those in the primary circulation. α1-Protein levels in the secondary circulation 

relative to the primary circulation were similar to those of total protein. IgM, however, had 

significantly lower relative levels in the secondary circulation than total protein. Despite some 

differences in the protein composition between the primary and secondary circulations, the 

presence of major blood serum proteins in the secondary circulation suggests that the secondary 

circulation plays a role in transporting them from the primary circulation to the body surfaces.  
 


