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Abstract 
 
All rhinoceros species are endangered by encroachment and poaching in their natural habitats.  
In captivity, the health and longevity of African black (Diceros bicornis) and Sumatran 
(Dicerorhinus sumatrensis) species are further threatened by progressive development of 
pathologically extreme iron overloads.2,4,5  By contrast, African white (Ceroatotherium simum) 
and Asian greater one-horned (Indian) (Rhinoceros unicornis) species exhibit no evidence of 
iron-storage disorder in captivity.2,4,5  This distinct clinical disparity between browser and grazer 
rhinoceros species might be explained by evolutionary differences in the mechanisms by which 
they assimilate dietary iron and/or regulate its subsequent balance.3  
 
Recent advances in studies of iron homeostasis have identified molecular mechanisms involved 
in the pathogenesis of human iron disorders.  Since these regulatory pathways are highly 
conserved in mammals, those in rhinoceroses are likely to be similar.  The phenotype of iron 
loading in black rhinoceroses is characterized by extensive iron deposition in various organs, and 
by serum transferrin saturations and ferritin concentrations that are markedly elevated over those 
of free-ranging black rhinos or captive white rhinos.4,5  This disorder resembles certain forms of 
human hereditary hemochromatoses, which are now known to be caused either by deficiency of 
the key iron regulatory hormone hepcidin, or by resistance to hepcidin. Hepcidin controls iron 
homeostasis by blocking the absorption of iron from the diet, the release of iron from 
macrophages recycling old red blood cells and the mobilization of iron from stores in the liver. 
Hepcidin acts by causing the internalization and degradation of its receptor, ferroportin, the sole 
channel for egress of intracellular iron into plasma from enterocytes, hepatocytes, macrophages, 
and placental trophoblast.3  In humans, hepcidin deficiency or resistance to hepcidin causes 
excessive iron absorption and deposition of iron in the liver and other tissues. Hepcidin 
deficiency results either from autosomal recessive mutations in the hepcidin gene itself or in 
genes encoding hepcidin regulators: hemojuvelin, transferrin receptor 2 (TfR2), and the 
hemochromatosis gene, HFE.  Hepcidin resistance results from autosomal dominant mutations 
in the hepcidin receptor, ferroportin. 
 
Our experimental approach compared regulatory gene sequences from both affected and 
unaffected rhinoceros species to search for possible underlying molecular defect(s). Previously, 
no differences were found in the sequences of rhinoceros HFE genes between affected and 
unaffected species,1 but sequences for other iron related genes in rhinoceroses were not known. 
In this study, DNA was extracted from peripheral blood samples from all four available rhino 
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species, and genes encoding hepcidin, ferroportin, hemojuvelin, TfR2 and HFE were cloned and 
analyzed by PCR amplification based on conserved regions of related species (horse and dog).   
 
Over half of the DNA sequences of these five genes have now been determined without 
identifying a specific cause for the apparent disparity in iron homeostasis among these four 
species.  The sequence encoding the rhinoceros hepcidin was found to be identical between the 
black and white rhinos. We synthesized the rhinoceros hepcidin peptide and showed that it was 
active in an in vitro bioassay. However, the responsiveness of rhinoceros ferroportin to hepcidin 
modulation, as well as the level of expression of rhinoceros hepcidin, is still to be determined.  
Assays to measure hepcidin concentration in rhinoceros urine and sera, similar to methods used 
for human hepcidin, remain under development.  
 
ACKNOWLEDGMENTS 
  
We thank Alan Waring and Piotr Ruchala for synthesizing and purifying rhino hepcidin.  We are especially grateful 
to the zoo veterinarians, keepers and staff who have provided rhino blood, serum and tissue samples, including those 
at the San Diego Zoo and Wild Animal Park, the Los Angeles Zoo and Fossil Rim Wildlife Center.  
   
LITERATURE CITED   
 
1. Beutler, E., C. West, J. A. Speir, I. A. Wilson, and M. Worley.  2001.  The HFE gene of browsing and grazing 

rhinoceroses.  A possible site of adaptation to a low iron diet.  Blood Cells, Mol., Dis.  27:342 – 350. 
2. Dennis, P.M., J. A. Funk, P. J. Rajala-Schultz, E. S. Blumer, R. E. Miller, T. E. Wittum, and W. J. A. Saville. 

2007.  A review of some of the health issues of captive black rhinoceroses (Diceros bicornis). J. Zoo Wildl. 
Med. 38: 509 – 517. 

3. Nemeth, E., and T. Ganz.  2006.  Regulation of iron metabolism by hepcidin. Ann. Rev. Nutrit. 26: 323 – 342. 
4. Paglia, D. E. and P. Dennis. 1999.  Role of chronic iron overload in multiple disorders of captive Black 

rhinoceroses (Diceros bicornis). Proc. Am. Assoc. Zoo Vet. Annu. Meet.  Pp. 163 – 171. 
5. Smith, J. E., P. S. Chavey, and R. E. Miller.  1995.  Iron metabolism in captive black (Diceros bicornis) and 

white (Ceratotherium simum) rhinoceroses.  J. Zoo Wildl. Med.  26:525-531. 




