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In individuals with normal hepatic function, elevated plasma bilirubin levels have been correlated with 
decreased risk for a number of health disorders, including coronary heart disease.1-8 This protection is 
particularly notable in subjects with Gilbert syndrome, who for genetic reasons maintain plasma bilirubin 
above 20 µM.  People with this syndrome are usually found to have a genetically diminished capacity to 
conjugate bilirubin in the liver, reflecting the fact that they carry variant alleles of the conjugating enzyme 
UGT1A1 associated with diminished expression or activity.  Most commonly, Gilbert subjects are 
homozygous for a promoter polymorphism in the UGT1A1 gene (UGT1A1*28) such that diminished 
amounts of a normal protein are expressed.9, 10    

Bilirubin can act as an oxidant scavenger, and unconjugated bilirubin binds to albumin in such a way that 
it can function efficiently as an antioxidant for plasma and the extracellular space; indeed, the pool of 
albumin-bound bilirubin accounts for much of the oxidant scavenging activity of plasma.11, 12  For this 
reason, it has usually been presumed that the health protection associated with elevated plasma bilirubin 
reflects the fact that free unbound bilirubin in plasma is fluxing back into cells to act as an oxidant 
scavenger.  However, this view has never had much credibility, inasmuch as the plasma concentration of 
free unbound bilirubin - the fraction capable of entering cells – is less than 0.01% of total plasma 
bilirubin, and hence in the very low nanomolar range.13  In contrast, intracellular levels of the effective 
oxidant scavengers glutathione and ascorbate are in the low millimolar range – essentially a millionfold 
higher; how could low nanomolar levels of bilirubin add meaningfully to their scavenging power?  (The 
fact that some bilirubin that has been oxidized intracellularly may be reduced back to its native form,14 
does nothing to counter this logic.15)  However, it is now known that, in submicromolar concentrations, 
bilirubin can inhibit certain isoforms of NADPH oxidase16-20 – a key source of pathogenic oxidative stress 
in many disorders.21  Moreover, there is other recent evidence that bilirubin may exert anti-inflammatory 
immunomodulatory effects that likely are independent of its antioxidant activity.22-24  These findings cast 
a fresh light on the situation, and render more plausible the notion that the plasma bilirubin pool could be 
providing antioxidant protection to the body’s cells, or working in other ways to dampen inflammation.   

However, recent Mendelian randomization analyses focusing on polymorphisms of the UGT1A1 gene 
contradict the view that plasma bilirubin protects the vasculature.25, 26  Variant alleles that clearly 
associate with increased plasma bilirubin, were not found to be associated with diminished risk for 
coronary disease, or with certain cardiovascular risk factors that typically correlate inversely with plasma 
bilirubin.  It therefore appears that, at least in most individuals, plasma bilirubin is a marker for risk, but 
not a mediator of it.   

Bilirubin arises within cells when heme oxygenase degrades heme to generate biliverdin and carbon 
monoxide; the derived biliverdin is rapidly reduced to bilirubin by the ubiquitously expressed enzyme 
biliverdin reductase.27  (Since oxidative stress promotes induction of heme oxygenase-1 via nrf2 
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activation, this can be viewed as a homeostatic feedback mechanism whereby oxidative stress stimulates  
generation of bilirubin, which then inhibits a key source of that oxidative stress.19, 28)  Polymorphisms of 
heme oxygenase-1 (HO-1) are common.  In particular, variations in the length of GT repeats in the 
promoter of the HO-1 gene are observed which have a marked impact on the inducibility of HO-1; a 
relatively short GT repeat region correlates with increased inducibility, whereas relatively long TA 
regions diminish expression.29  Quite a number of studies – albeit not all – have concluded that 
individuals carrying short GT repeat alleles are at lower risk for cardiovascular disease than those 
carrying long GT repeat alleles – consistent with the thesis that efficient production of bilirubin and/or 
carbon monoxide in cells subjected to oxidative stress is protective for vascular health, a highly plausible 
conclusion.30-45 

I suggest that plasma bilirubin can serve as a marker for the level of expression, or the efficiency of 
inducibility, of heme oxygenase in the body’s tissues, and that this largely accounts for correlations 
between plasma bilirubin and favorable healthy outcomes.  There is in fact one report concluding that 
serum bilirubin is higher in individuals carrying the short repeat alleles of HO-1, as opposed to those 
carrying long repeat alleles.40  However, it is almost certainly true that a number of other genetic variants 
can influence heme oxygenase expression and inducibility (variants in the nrf2 induction system, for 
example, or variants impacting the translation or degradation of heme oxygenase) – and these likewise 
could be expected to impact plasma bilirubin level.  In this interpretation, the health protection associated 
with elevated plasma bilirubin is in fact mediated by increased generation of bilirubin and possibly carbon 
monoxide within the body’s cells.   

But if intracellular bilirubin is indeed largely responsible for this protection, why doesn’t elevated plasma 
bilirubin per se exert comparable protection via back flux into cells?  I propose that, within cells, heme 
oxygenase gravitates to microenvironments where it is close to a key target of its bioactivity, NADPH 
oxidase.  Indeed, there is evidence that both HO-1 and NADPH oxidase tend to localize in caveolae; 
moreover, biliverdin reductase, crucial to HO-1’s antioxidant efficacy, is also found in caveolae.46-54  
Conceivably, HO-1 and NADPH oxidase may co-localize in other cellular microenvironments as well. If 
this is the case, then the concentrations of free bilirubin produced in the microenvironment of NADPH 
oxidase are likely to be notably higher than those in the overall cytoplasm or in plasma – in which case 
back flux of plasma bilirubin might be expected to have little impact on NADPH oxidase activity (unless 
plasma bilirubin is exceptionally high).  This thesis is not unreasonable in light of the fact that, as noted 
above, the concentration of free bilirubin in plasma, unbound to albumin or other plasma proteins, is in 
the very low nanomolar range.13   

It should be noted that people with Gilbert syndrome, although they are usually found to express reduced 
activity variants of UGT1A1 (most commonly, homozygosity for the UGT1A1*28 promoter allele), are 
almost certainly also endowed with an increase in the activity or inducibility of heme oxygenase.  This 
can be deduced from the fact that the average plasma bilirubin in subjects homozygous for UGT1A1*28 
is in the range of 10-15 µM9 – whereas bilirubin in excess of 20 µM is traditionally required to qualify for 
a diagnosis of Gilbert syndrome.  I propose that it is this increase in heme oxygenase activity – not the 
diminished activity of UGT1A1 – that is primarily responsible for the health protection that they enjoy.  
Individuals with comparably increased heme oxygenase activity – but who carry the high expression form 
of UGT1A1 – could be expected to enjoy comparable levels of health protection.   
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Clearly, there is some sufficiently high level of plasma bilirubin that can exert direct antioxidant effects 
on tissues.  Gunn rats – a model of Crigler-Najjar syndrome, in which hepatic UGT1A1 activity is absent 
– enjoy protection from atherosclerosis, hypertension, and diabetic nephropathy that seems likely to 
reflect bilirubin’s antioxidant activity.55-58  Furthermore, when diabetic patients were treated with a high 
dose of the protease inhibitor atazanavir that increased their plasma bilirubin 9-fold (to an average of 64 
µM), a significant improvement of endothelial function was noted.59  (Atazanavir can inhibit UGT1A1.)  
These findings suggest that, in some Gilbert syndrome subjects with exceptionally high plasma bilirubin, 
back flux of plasma bilirubin may indeed exert a meaningful antioxidant effect within cells.  

It is also important to note that there likely are other reasons why elevated plasma bilirubin may correlate 
with improved health outcomes.  For example, obesity tends to associate with decreased plasma bilirubin, 
whereas bilirubin tends to rise after weight loss, for unknown reasons.60  Hence, plasma bilirubin may 
serve as a marker for obesity.  Oxidative stress, such as that imposed by cigarette smoke, can decrease 
bilirubin by directly oxidizing it (though, conversely, oxidative stress in tissues would be expected to 
increase bilirubin generation by inducing HO-1).61  Of course, many if not most of the epidemiological 
analyses which correlate plasma bilirubin with health outcomes have used multiple regression to factor 
out the role of body mass or smoking – and protective associations are often still noted.  So whereas 
plasma bilirubin can serve as a marker for certain well established risk factors, this cannot fully account 
for the protection associated with elevated bilirubin levels.   

The model proposed here is fully consistent with the thesis that intracellular bilirubin provides protection 
from the range of health disorders that tend to correlate inversely with plasma bilirubin – and that 
measures which either boost intracellular bilirubin (e.g. administration of biliverdin or of HO-1 inducers) 
or mimic its activity (administration of phycocyanobilin, the biliverdin-derived spirulina chromophore 
that shares the ability of biliverdin/bilirubin to inhibit NADPH oxidase) have tremendous potential for 
health promotion.62-70   

 

    

References 

 

 (1)  Schwertner HA, Vitek L. Gilbert syndrome, UGT1A1*28 allele, and cardiovascular disease risk: 
possible protective effects and therapeutic applications of bilirubin. Atherosclerosis 2008 
May;198(1):1-11. 

 (2)  Horsfall LJ, Nazareth I, Petersen I. Cardiovascular events as a function of serum bilirubin levels 
in a large, statin-treated cohort. Circulation 2012 November 27;126(22):2556-64. 

 (3)  Horsfall LJ, Rait G, Walters K et al. Serum bilirubin and risk of respiratory disease and death. 
JAMA 2011 February 16;305(7):691-7. 

 (4)  Inoguchi T, Sasaki S, Kobayashi K, Takayanagi R, Yamada T. Relationship between Gilbert 
syndrome and prevalence of vascular complications in patients with diabetes. JAMA 2007 
September 26;298(12):1398-400. 



4 
 

 (5)  McCarty MF. ''Iatrogenic Gilbert syndrome''--a strategy for reducing vascular and cancer risk by 
increasing plasma unconjugated bilirubin. Med Hypotheses 2007;69(5):974-94. 

 (6)  Chan KH, O'Connell RL, Sullivan DR et al. Plasma total bilirubin levels predict amputation 
events in type 2 diabetes mellitus: the Fenofibrate Intervention and Event Lowering in Diabetes 
(FIELD) study. Diabetologia 2013 January 17. 

 (7)  Cheriyath P, Gorrepati VS, Peters I et al. High Total Bilirubin as a Protective Factor for Diabetes 
Mellitus: An Analysis of NHANES Data From 1. J Clin Med Res 2010 October 11;2(5):201-6. 

 (8)  Fischman D, Valluri A, Gorrepati VS, Murphy ME, Peters I, Cheriyath P. Bilirubin as a 
Protective Factor for Rheumatoid Arthritis: An NHANES Study of 2. J Clin Med Res 2010 
December 11;2(6):256-60. 

 (9)  Rauchschwalbe SK, Zuhlsdorf MT, Schuhly U, Kuhlmann J. Predicting the risk of sporadic 
elevated bilirubin levels and diagnosing Gilbert's syndrome by genotyping UGT1A1*28 promoter 
polymorphism. Int J Clin Pharmacol Ther 2002 June;40(6):233-40. 

 (10)  Gil J, Sasiadek MM. Gilbert syndrome: the UGT1A1*28 promoter polymorphism as a biomarker 
of multifactorial diseases and drug metabolism. Biomark Med 2012 April;6(2):223-30. 

 (11)  Stocker R, Glazer AN, Ames BN. Antioxidant activity of albumin-bound bilirubin. Proc Natl 
Acad Sci U S A 1987 August;84(16):5918-22. 

 (12)  Bulmer AC, Blanchfield JT, Toth I, Fassett RG, Coombes JS. Improved resistance to serum 
oxidation in Gilbert's syndrome: a mechanism for cardiovascular protection. Atherosclerosis 2008 
August;199(2):390-6. 

 (13)  Vitek L, Ostrow JD. Bilirubin chemistry and metabolism; harmful and protective aspects. Curr 
Pharm Des 2009;15(25):2869-83. 

 (14)  Sedlak TW, Snyder SH. Bilirubin benefits: cellular protection by a biliverdin reductase 
antioxidant cycle. Pediatrics 2004 June;113(6):1776-82. 

 (15)  Maghzal GJ, Leck MC, Collinson E, Li C, Stocker R. Limited role for the bilirubin-biliverdin 
redox amplification cycle in the cellular antioxidant protection by biliverdin reductase. J Biol 
Chem 2009 October 23;284(43):29251-9. 

 (16)  Lanone S, Bloc S, Foresti R et al. Bilirubin decreases nos2 expression via inhibition of NAD(P)H 
oxidase: implications for protection against endotoxic shock in rats. FASEB J 2005 
November;19(13):1890-2. 

 (17)  Jiang F, Roberts SJ, Datla S, Dusting GJ. NO modulates NADPH oxidase function via heme 
oxygenase-1 in human endothelial cells. Hypertension 2006 November;48(5):950-7. 

 (18)  Matsumoto H, Ishikawa K, Itabe H, Maruyama Y. Carbon monoxide and bilirubin from heme 
oxygenase-1 suppresses reactive oxygen species generation and plasminogen activator inhibitor-1 
induction. Mol Cell Biochem 2006 October;291(1-2):21-8. 



5 
 

 (19)  Datla SR, Dusting GJ, Mori TA, Taylor CJ, Croft KD, Jiang F. Induction of heme oxygenase-1 in 
vivo suppresses NADPH oxidase derived oxidative stress. Hypertension 2007 October;50(4):636-
42. 

 (20)  Basuroy S, Bhattacharya S, Leffler CW, Parfenova H. Nox4 NADPH oxidase mediates oxidative 
stress and apoptosis caused by TNF-alpha in cerebral vascular endothelial cells. Am J Physiol 
Cell Physiol 2009 March;296(3):C422-C432. 

 (21)  McCarty MF. ''Iatrogenic Gilbert syndrome''--a strategy for reducing vascular and cancer risk by 
increasing plasma unconjugated bilirubin. Med Hypotheses 2007;69(5):974-94. 

 (22)  Wang H, Lee SS, Dell'Agnello C et al. Bilirubin can induce tolerance to islet allografts. 
Endocrinology 2006 February;147(2):762-8. 

 (23)  Rocuts F, Zhang X, Yan J et al. Bilirubin promotes de novo generation of T regulatory cells. Cell 
Transplant 2010;19(4):443-51. 

 (24)  McCarty MF. Clinical potential of phycocyanobilin for induction of T regulatory cells in the 
management of inflammatory disorders. Med Hypotheses 2011 December;77(6):1031-3. 

 (25)  Stender S, Frikke-Schmidt R, Nordestgaard BG, Grande P, Tybjaerg-Hansen A. Genetically 
elevated bilirubin and risk of ischaemic heart disease: three Mendelian randomization studies and 
a meta-analysis. J Intern Med 2013 January;273(1):59-68. 

 (26)  McArdle PF, Whitcomb BW, Tanner K, Mitchell BD, Shuldiner AR, Parsa A. Association 
between bilirubin and cardiovascular disease risk factors: using Mendelian randomization to 
assess causal inference. BMC Cardiovasc Disord 2012;12:16. 

 (27)  Bach FH. Heme oxygenase-1 as a protective gene. Wien Klin Wochenschr 2002;114 Suppl 4:1-3. 

 (28)  Zhang J, Ohta T, Maruyama A et al. BRG1 interacts with Nrf2 to selectively mediate HO-1 
induction in response to oxidative stress. Mol Cell Biol 2006 November;26(21):7942-52. 

 (29)  Exner M, Minar E, Wagner O, Schillinger M. The role of heme oxygenase-1 promoter 
polymorphisms in human disease. Free Radic Biol Med 2004 October 15;37(8):1097-104. 

 (30)  Exner M, Schillinger M, Minar E et al. Heme oxygenase-1 gene promoter microsatellite 
polymorphism is associated with restenosis after percutaneous transluminal angioplasty. J 
Endovasc Ther 2001 October;8(5):433-40. 

 (31)  Chen YH, Lin SJ, Lin MW et al. Microsatellite polymorphism in promoter of heme oxygenase-1 
gene is associated with susceptibility to coronary artery disease in type 2 diabetic patients. Hum 
Genet 2002 July;111(1):1-8. 

 (32)  Schillinger M, Exner M, Mlekusch W et al. Heme oxygenase-1 gene promoter polymorphism is 
associated with abdominal aortic aneurysm. Thromb Res 2002 April 15;106(2):131-6. 

 (33)  Kaneda H, Ohno M, Taguchi J et al. Heme oxygenase-1 gene promoter polymorphism is 
associated with coronary artery disease in Japanese patients with coronary risk factors. 
Arterioscler Thromb Vasc Biol 2002 October 1;22(10):1680-5. 



6 
 

 (34)  Chen YH, Chau LY, Lin MW et al. Heme oxygenase-1 gene promotor microsatellite 
polymorphism is associated with angiographic restenosis after coronary stenting. Eur Heart J 
2004 January;25(1):39-47. 

 (35)  Schillinger M, Exner M, Minar E et al. Heme oxygenase-1 genotype and restenosis after balloon 
angioplasty: a novel vascular protective factor. J Am Coll Cardiol 2004 March 17;43(6):950-7. 

 (36)  Funk M, Endler G, Schillinger M et al. The effect of a promoter polymorphism in the heme 
oxygenase-1 gene on the risk of ischaemic cerebrovascular events: the influence of other vascular 
risk factors. Thromb Res 2004;113(3-4):217-23. 

 (37)  Gulesserian T, Wenzel C, Endler G et al. Clinical restenosis after coronary stent implantation is 
associated with the heme oxygenase-1 gene promoter polymorphism and the heme oxygenase-1 
+99G/C variant. Clin Chem 2005 September;51(9):1661-5. 

 (38)  Dick P, Schillinger M, Minar E et al. Haem oxygenase-1 genotype and cardiovascular adverse 
events in patients with peripheral artery disease. Eur J Clin Invest 2005 December;35(12):731-7. 

 (39)  Morgan L, Hawe E, Palmen J, Montgomery H, Humphries SE, Kitchen N. Polymorphism of the 
heme oxygenase-1 gene and cerebral aneurysms. Br J Neurosurg 2005 August;19(4):317-21. 

 (40)  Chen YH, Chau LY, Chen JW, Lin SJ. Serum bilirubin and ferritin levels link heme oxygenase-1 
gene promoter polymorphism and susceptibility to coronary artery disease in diabetic patients. 
Diabetes Care 2008 August;31(8):1615-20. 

 (41)  Bai CH, Chen JR, Chiu HC, Chou CC, Chau LY, Pan WH. Shorter GT repeat polymorphism in 
the heme oxygenase-1 gene promoter has protective effect on ischemic stroke in dyslipidemia 
patients. J Biomed Sci 2010;17:12. 

 (42)  Wu MM, Chiou HY, Chen CL et al. GT-repeat polymorphism in the heme oxygenase-1 gene 
promoter is associated with cardiovascular mortality risk in an arsenic-exposed population in 
northeastern Taiwan. Toxicol Appl Pharmacol 2010 November 1;248(3):226-33. 

 (43)  Wu MM, Chiou HY, Lee TC et al. GT-repeat polymorphism in the heme oxygenase-1 gene 
promoter and the risk of carotid atherosclerosis related to arsenic exposure. J Biomed Sci 
2010;17:70. 

 (44)  Wu MM, Chiou HY, Chen CL et al. Association of heme oxygenase-1 GT-repeat polymorphism 
with blood pressure phenotypes and its relevance to future cardiovascular mortality risk: an 
observation based on arsenic-exposed individuals. Atherosclerosis 2011 December;219(2):704-8. 

 (45)  Chen M, Zhou L, Ding H et al. Short (GT) ( n ) repeats in heme oxygenase-1 gene promoter are 
associated with lower risk of coronary heart disease in subjects with high levels of oxidative 
stress. Cell Stress Chaperones 2012 May;17(3):329-38. 

 (46)  Jung NH, Kim HP, Kim BR et al. Evidence for heme oxygenase-1 association with caveolin-1 
and -2 in mouse mesangial cells. IUBMB Life 2003 September;55(9):525-32. 

 (47)  Kim HP, Wang X, Galbiati F, Ryter SW, Choi AM. Caveolae compartmentalization of heme 
oxygenase-1 in endothelial cells. FASEB J 2004 July;18(10):1080-9. 



7 
 

 (48)  Wang XM, Kim HP, Nakahira K, Ryter SW, Choi AM. The heme oxygenase-1/carbon monoxide 
pathway suppresses TLR4 signaling by regulating the interaction of TLR4 with caveolin-1. J 
Immunol 2009 March 15;182(6):3809-18. 

 (49)  Zheng Y, Morris A, Sunkara M, Layne J, Toborek M, Hennig B. Epigallocatechin-gallate 
stimulates NF-E2-related factor and heme oxygenase-1 via caveolin-1 displacement. J Nutr 
Biochem 2012 February;23(2):163-8. 

 (50)  Yang B, Rizzo V. TNF-alpha potentiates protein-tyrosine nitration through activation of NADPH 
oxidase and eNOS localized in membrane rafts and caveolae of bovine aortic endothelial cells. 
Am J Physiol Heart Circ Physiol 2007 February;292(2):H954-H962. 

 (51)  Ushio-Fukai M. Compartmentalization of redox signaling through NADPH oxidase-derived ROS. 
Antioxid Redox Signal 2009 June;11(6):1289-99. 

 (52)  Zhang Y, Peng F, Gao B, Ingram AJ, Krepinsky JC. Mechanical strain-induced RhoA activation 
requires NADPH oxidase-mediated ROS generation in caveolae. Antioxid Redox Signal 2010 
October 1;13(7):959-73. 

 (53)  Lobysheva I, Rath G, Sekkali B et al. Moderate caveolin-1 downregulation prevents NADPH 
oxidase-dependent endothelial nitric oxide synthase uncoupling by angiotensin II in endothelial 
cells. Arterioscler Thromb Vasc Biol 2011 September;31(9):2098-105. 

 (54)  Zhang Y, Peng F, Gao B, Ingram AJ, Krepinsky JC. High glucose-induced RhoA activation 
requires caveolae and PKCbeta1-mediated ROS generation. Am J Physiol Renal Physiol 2012 
January 1;302(1):F159-F172. 

 (55)  Ollinger R, Bilban M, Erat A et al. Bilirubin: a natural inhibitor of vascular smooth muscle cell 
proliferation. Circulation 2005 August 16;112(7):1030-9. 

 (56)  Nath KA, d'Uscio LV, Juncos JP et al. An analysis of the DOCA-salt model of hypertension in 
HO-1-/- mice and the Gunn rat. Am J Physiol Heart Circ Physiol 2007 July;293(1):H333-H342. 

 (57)  Pflueger A, Croatt AJ, Peterson TE et al. The hyperbilirubinemic Gunn rat is resistant to the 
pressor effects of angiotensin II. Am J Physiol Renal Physiol 2005 March;288(3):F552-F558. 

 (58)  Fujii M, Inoguchi T, Sasaki S et al. Bilirubin and biliverdin protect rodents against diabetic 
nephropathy by downregulating NAD(P)H oxidase. Kidney Int 2010 November;78(9):905-19. 

 (59)  Dekker D, Dorresteijn MJ, Pijnenburg M et al. The bilirubin-increasing drug atazanavir improves 
endothelial function in patients with type 2 diabetes mellitus. Arterioscler Thromb Vasc Biol 2011 
February;31(2):458-63. 

 (60)  Andersson C, Weeke P, Fosbol EL et al. Acute effect of weight loss on levels of total bilirubin in 
obese, cardiovascular high-risk patients: an analysis from the lead-in period of the Sibutramine 
Cardiovascular Outcome trial. Metabolism 2009 August;58(8):1109-15. 

 (61)  Jo J, Kimm H, Yun JE, Lee KJ, Jee SH. Cigarette smoking and serum bilirubin subtypes in 
healthy Korean men: the Korea Medical Institute study. J Prev Med Public Health 2012 
March;45(2):105-12. 



8 
 

 (62)  Nakao A, Neto JS, Kanno S et al. Protection against ischemia/reperfusion injury in cardiac and 
renal transplantation with carbon monoxide, biliverdin and both. Am J Transplant 2005 
February;5(2):282-91. 

 (63)  Berberat PO, Rahim YI, Yamashita K et al. Heme oxygenase-1-generated biliverdin ameliorates 
experimental murine colitis. Inflamm Bowel Dis 2005 April;11(4):350-9. 

 (64)  Ollinger R, Yamashita K, Bilban M et al. Bilirubin and biliverdin treatment of atherosclerotic 
diseases. Cell Cycle 2007 January 1;6(1):39-43. 

 (65)  Ollinger R, Wang H, Yamashita K et al. Therapeutic applications of bilirubin and biliverdin in 
transplantation. Antioxid Redox Signal 2007 December;9(12):2175-85. 

 (66)  Bonelli M, Savitskaya A, Steiner CW et al. Heme oxygenase-1 end-products carbon monoxide 
and biliverdin ameliorate murine collagen induced arthritis. Clin Exp Rheumatol 2012 
January;30(1):73-8. 

 (67)  Fujii M, Inoguchi T, Sasaki S et al. Bilirubin and biliverdin protect rodents against diabetic 
nephropathy by downregulating NAD(P)H oxidase. Kidney Int 2010 November;78(9):905-19. 

 (68)  Ikeda N, Inoguchi T, Sonoda N et al. Biliverdin protects against the deterioration of glucose 
tolerance in db/db mice. Diabetologia 2011 August;54(8):2183-91. 

 (69)  Zheng J, Inoguchi T, Sasaki S et al. Phycocyanin and phycocyanobilin from Spirulina platensis 
protect against diabetic nephropathy by inhibiting oxidative stress. Am J Physiol Regul Integr 
Comp Physiol 2013 January;304(2):R110-R120. 

 (70)  McCarty MF. Clinical potential of Spirulina as a source of phycocyanobilin. J Med Food 2007 
December;10(4):566-70. 

 
 


