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� Serum bilirubin and markers of

� oxidative stress
� inflammation

� Relationship of serum bilirubin to 
� rheumatological diseases
� neuropsychiatric diseases



Bilirubin as an antioxidantBilirubin as Bilirubin as anan antioxidantantioxidant

�� in vitro, in vitro, bilirubin bilirubin isis almostalmost 30x more 30x more potentpotent thanthan
vitamin E in vitamin E in preventingpreventing LDL LDL oxidationoxidation ((LifeLife SciSci 1994)1994)

�� 2.5 uM bilirubin 2.5 uM bilirubin inhibitsinhibits lipid lipid peroxidationperoxidation by 32% in by 32% in 
tissuetissue homogenateshomogenates fromfrom WistarWistar ratsrats ((CanCan J J PhysPhys PharmPharm

1998)1998)

�� 10 10 nMnM bilirubin bilirubin eliminateseliminates 10 000x 10 000x higherhigher
concentrationconcentration ofof HH22OO2  2  (PNAS 2002)(PNAS 2002)

- in vitro studies --- in vitro in vitro studiesstudies --



Sedlak, T. W. et al. JAMA 2006

Katabolismus Katabolismus hemuhemu



Bilirubin as an antioxidant
- human studies -

Bilirubin as Bilirubin as anan antioxidantantioxidant
-- humanhuman studiesstudies --

�� contributioncontribution ofof bilirubin on bilirubin on totaltotal antioxidant antioxidant capacitycapacity

�� in in adultsadults as much as 20%as much as 20%

�� in in newbornsnewborns as much as 77%! as much as 77%! ((ClinClin SciSci 1993, FEBS 1993, FEBS LettLett 1994, 1994, BiolBiol . . 

Neon. 1997)Neon. 1997)

�� higherhigher neonatalneonatal jaundicejaundice protectsprotects fromfrom

�� circulatorycirculatory failurefailure , , sepsissepsis andand asphyxiaasphyxia (Lancet 1991)(Lancet 1991)

�� neonatalneonatal retinopathyretinopathy (NEJM 1989)(NEJM 1989)



Bilirubin and markers of oxidative stress: 
Total antioxidant capacity

(Vítek et al. Atherosclerosis 2002)

Bilirubin Bilirubin andand markersmarkers ofof oxidativeoxidative stress: stress: 
TotalTotal antioxidant antioxidant capacitycapacity

(V(Víítek tek etet alal . . AtherosclerosisAtherosclerosis 2002)2002)

 bilirubin 
(µµµµM/l) 

TAS 
(mM/l) 

GS 32.6±13.5* 1.43±0.12* 

CHD 9.0±2.7 1.30±0.15 

Control 9.1±2.7 1.32±0.13 
 

 

*GS vs. CHD *GS vs. CHD andand controlscontrols : p<0.05: p<0.05
GS = Gilbert syndrome (GS = Gilbert syndrome ( benignbenign hyperbilirubinemiahyperbilirubinemia ))
CHD = CHD = coronarycoronary heartheart diseasedisease
TAS = TAS = TotalTotal antioxidant status (antioxidant status ( RandoxRandox , GB), GB)



Influence of exogenous bilirubin on TAS
(Vítek et al. Atherosclerosis 2002)

InfluenceInfluence ofof exogenousexogenous bilirubin on TASbilirubin on TAS
(V(Víítek tek etet alal . . AtherosclerosisAtherosclerosis 2002)2002)

UCB 
(µµµµM/l) 

total bilirubin 
(µµµµM/l) 

TAS 
(mM/l) 

0* 24.5 1.37 
6.25 31.9 1.42 
12.5 40.6 1.46 
25 55.8 1.51 
50 79.6 1.57 

100 133.0 1.76 
 

 

* = serum with defined antioxidant capacity

These results are consistent with data mentioned above
(Clin Sci 1993, FEBS Lett 1994, Biol. Neon. 1997)



Bilirubin and markers of oxidative stress: 
Urinary biopyrrins

Bilirubin Bilirubin andand markersmarkers ofof oxidativeoxidative stress: stress: 
UrinaryUrinary biopyrrinsbiopyrrins

�� TripyrrolicTripyrrolic compoundscompounds formedformed by by oxidativeoxidative degradationdegradation ofof
bilirubin bilirubin 

�� IncreasedIncreased urinaryurinary excretionexcretion foundfound in in followingfollowing conditionsconditions a/w a/w increasedincreased
oxidativeoxidative stress:stress:

� acute myocardial infarction ((IntInt J J CardiolCardiol 2001, 2001, AmAm J J CardiolCardiol 2002)2002)

� congestive heart failure (J (J AmAm CollColl CardiolCardiol 2004)2004)

� major and prolonged surgical procedures ((ClinClin ChemChem 1998; 1998; SurgSurg TodayToday
1998; HPB 1998; HPB SurgSurg 1999)1999)

� sepsis (J (J SurgSurg ResRes 2001)2001)

� alcohol consumption (Ind (Ind HealthHealth 2001)2001)

� atopic dermatitis ((LifeLife SciSci 2003)2003)

� schizophrenia and depressions (Eur (Eur NeuropsychopharmNeuropsychopharm 2005)2005) or even
psychological stress (BBRC 2002)(BBRC 2002)



Urinary excretion of biopyrrins in GS
(Vítek et al. J Gastroent Hepatol 2006)

UrinaryUrinary excretionexcretion ofof biopyrrinsbiopyrrins in GSin GS
(V(Víítek tek etet alal . J . J GastroentGastroent HepatolHepatol 2006)2006)

0.18 0.18 (0.03(0.03--0.94)0.94)

p=0.042p=0.042
Biopyrrins
(adjusted for possible confounding factors)*

OR (95% CI)Parameter

* positive LFT, uric acid, albumin, total cholestero l and glucose intolerance

GS
(bili >17.0 uM/L) (n=33)

Controls
(bili ≤≤≤≤17.0 uM/L) (n=25)

Parameter

19.9 19.9 ±± 26.0; p<26.0; p< 0.0010.00190.2 90.2 ±± 139.1 139.1 Urinary biopyrrins
(U/g creatinine)

27.8 27.8 ±± 9.79.7; p<; p< 0.0010.0019.9 9.9 ±± 3.03.0Serum bilirubin 
(µµµµM/L)



Bilirubin and markers of oxidative stress: 
Advanced glycation-end products

Bilirubin Bilirubin andand markersmarkers ofof oxidativeoxidative stress: stress: 
Advanced glycation-end products

� AGEs, such as N-carboxymethyl lysine (CML) or
pentosidine, are formed through the interaction of 
plasma proteins with sacharide oxidation products
((NephrolNephrol Dial Dial TransplTranspl 1997)1997)

� AGEs activate NF- κκκκB with subsequent 
overexpression of proinflammatory genes including
CRP (Kidney (Kidney IntInt 2001)2001)

� related also to chronic inflammation and correlate 
with inflammatory markers, such as CRP, ESR, 
leukocyte or platelet count (BBRC 1998)(BBRC 1998)



AGEs levels in subjects with GS
(Kalousova et al. Cell Mol Biol 2005) 

AGEsAGEs levelslevels in in subjectssubjects withwith GSGS
(Kalousova (Kalousova etet alal . Cell Mol . Cell Mol BiolBiol 2005) 2005) 

p=0.017.33 
(6.76-8.20)

6.7
(6.1-7.34)

CML
(mg/g total protein)

p<0.0051.31 
(1.18-1.58)

1.12 
(0.90-1.28)

pentosidine
(nmol/g total protein)

significanceControls
(bili ≤≤≤≤17.0 uM/L) (n=21)

GS
(bili >17.0 uM/L) (n=33)

Parameter 
(median; 25-75%)

* positive LFT, uric acid, albumin, total cholestero l and glucose intolerance

0.20 
(0.03-1.30), p=0.09

CML
(adjusted for possible 
confounding factors)*

0.04 
(0.003-0.67), p=0.02

Pentosidine
(adjusted for possible
confounding factors)*

OR (95% CI)ParameterOR (95% CI)Parameter



Bilirubin vs. inflammationBilirubin vs. Bilirubin vs. inflammationinflammation

�� has has anticomplementanticomplement effectseffects ((BBA 1999)BBA 1999)

�� attenuateattenuatess liver injury in a rat model of liver injury in a rat model of endotoxemiaendotoxemia ((HepatologyHepatology 20042004))

�� blockblockss oxidantoxidant--mediated activation of leukocytes mediated activation of leukocytes ((CircCirc ResRes 19991999)) and and 
attenuateattenuatess vascular endothelial dysfunction vascular endothelial dysfunction ((ATVB 2005ATVB 2005 )) viavia inhibition of NFinhibition of NF--
kBkB ((J J ImmunolImmunol 20042004))

�� inhibitinhibitss transendothelialtransendothelial leukocyte migration via leukocyte migration via suppresionsuppresion ofof VCAM VCAM 
signalingsignaling ((J J ImmunolImmunol 20052005)),, a process implicated in the pathogenesis of a process implicated in the pathogenesis of 
numerousnumerous diseasediseasess, including, including

�� IBDIBD ((GutGut 19951995))

��conjunctivitis conjunctivitis ((AllergyAllergy 20022002))

��nephropathy nephropathy ((NephronNephron 19991999))

��arthritis arthritis ((ArthrArthr RheumRheum 20012001))

��systemic systemic colagenosescolagenoses ((ClinClin NephrolNephrol 19951995))

��and possibly cancer and possibly cancer ((BrBr J J CancerCancer 19981998))



hsCRP levels and serum bilirubin
(Vítek et al. Prev Control 2005, abstract)

hsCRPhsCRP levelslevels andand serumserum bilirubinbilirubin
(V(Víítek tek etet alal . . PrevPrev ControlControl 2005, 2005, abstractabstract ))

p=0.089*0.70
(0.2-1.4)

9.1-12.5Quartile 2
(n=67)

p=0.010*0.40
(0.2-1.0)

12.6-18.8Quartile 3
(n=71)

p=0.013*0.44
(0.2-1.2)

18.9-55.2Quartile 4
(n=72)

0.90
(0.3-2.1)

2.7-9.0Quartile 1
(n=78)

significance *hsCRP
(median; 25-75%;

mg/L)

Bilirubin 
(range; µµµµM/L)

* vs. Quartile 1



Relationship between serum bilirubin 
and hsCRP levels

RelationshipRelationship betweenbetween serumserum bilirubin bilirubin 
andand hsCRPhsCRP levelslevels



�� Inverse Inverse relationshiprelationship betweenbetween serumserum bilirubin bilirubin andand
hsCRPhsCRP levelslevels waswas foundfound alsoalso in a study by in a study by ErdoganErdogan etet
alal . . ((Atherosclerosis Atherosclerosis 2006)2006)

�� Bilirubin Bilirubin inhibitinhibit ss protein protein kinasekinase C activity C activity ((ClinClin ChimChim ActaActa

19931993)) implicatedimplicated in in pathogenesispathogenesis ofof inflammatoryinflammatory (J (J 

BiochemBiochem 2002)2002), , butbut alsoalso atheroscleroatherosclero tictic ((CardiolCardiol Rev 2005Rev 2005)), , andand
cancercancer diseasesdiseases (Arch (Arch PharmPharm ResRes 20052005))

�� Elevated serum Elevated serum bilirubinbilirubin levels are associated not only levels are associated not only 
with increased serum antioxidant capacity, but also  with increased serum antioxidant capacity, but also  
with low with low degreedegree ofof inflammatinflammat ionion

Summary of part ISummarySummary ofof part Ipart I



Bilirubin and rheumatological diseasesBilirubin and rheumatological diseases

RecentlyRecently , , wewe foundfound inverse inverse relationshiprelationship betweenbetween
bilirubin bilirubin levelslevels andand ::

�� systemicsystemic lupuslupus erythematosuserythematosus (SLE) (SLE) (V(Víítek tek etet alal . J . J AmAm SocSoc
NephrNephr 2003 + 2003 + LiverLiver IntInt 2006, 2006, abstractsabstracts ))

�� rheumatoidrheumatoid arthritis arthritis ((SchwertnerSchwertner andand VVíítek. tek. ClinClin ChemChem 2004, 2004, abstractabstract ))

�� WegenerWegener granulomatosisgranulomatosis (V(Víítek tek etet alal . . unpublishedunpublished resultsresults ))



Serum bilirubin in SLESerumSerum bilirubin in SLEbilirubin in SLE

0.140.14 (0.08(0.08--0.25), p0.25), p<<0.000010.00001

0.570.57 (0.23(0.23--1.41)1.41), , p=0.22p=0.22SLE SLE ¨̈plainplain ¨̈

0.220.22 ((0.110.11--0.430.43)),, p=0.00001p=0.00001NeurolupusNeurolupus

0.02 0.02 (0.005(0.005--0.09)0.09), , pp<<0.000010.00001SLE SLE nephropathynephropathy

SLE SLE totaltotal

pp<<0.0010.0017.17.1 (5.4(5.4--8.0)8.0)SLE SLE nephropathynephropathy (n=95)(n=95)

p=0.049p=0.0498.28.2 (6.1(6.1--13.1)13.1)SLE SLE ¨̈plainplain ¨̈ (n=25)(n=25)

p<p<0.000010.000017.37.3 ((55..77--9.69.6))NeurolupusNeurolupus (n=75)(n=75)

ORsORs for bilirubin for bilirubin aboveabove medianmedian ofof controlscontrols
OR (95% CI)OR (95% CI)

pp<<0.000010.000018.0 8.0 (6.3(6.3--10.9)10.9)SLE SLE totaltotal

Reference110.60.6 ((8.38.3--15.15.00))ControlsControls (n=115)(n=115)

Significance
(vs. (vs. controlscontrols ))

Bilirubin Bilirubin 
((µµµµµµµµM/LM/L, , median; 25median; 25 --75%)75%)

ParameterParameter



Bilirubin and SLEBilirubin and SLE

�� OurOur results demonstrate striking results demonstrate striking inverse inverse association between association between 
serum serum bilirubinbilirubin levels and levels and SLESLE

�� AAntioxidantntioxidant defense defense systems efficiency systems efficiency isis related to the related to the 
prognosis of patients with SLEprognosis of patients with SLE ((ClinClin ChemChem Lab Med 2002Lab Med 2002 ))

�� Further studies must reveal whether low serum Further studies must reveal whether low serum bilirubinbilirubin levels levels 
are caused by gare caused by g eeneticnetic predisposition of affected subjects (as predisposition of affected subjects (as 
evidenced evidenced byby early onset of the disease) or due to the early onset of the disease) or due to the 
consumption of consumption of bilirubinbilirubin during severe during severe SLESLE--mediatedmediated oxidative oxidative 
stress stress (Rheumatology 1999)(Rheumatology 1999)

�� TheThe samesame principleprinciple mightmight alsoalso applyapply for RA for RA andand WegenerWegener
granulomatosisgranulomatosis , , wherewhere similarsimilar resultsresults havehave beenbeen detecteddetected



Bilirubin vs. neurologic and
psychiatric diseases

Bilirubin vs. neurologic and
psychiatric diseases

Inverse Inverse associationassociation betweenbetween serumserum bilirubin bilirubin levelslevels andand

�� amyotrophicamyotrophic laterallateral sclerosissclerosis ((ClinClin NeurolNeurol NeurosurgNeurosurg 2003)2003)

�� depressionsdepressions ((BiolBiol Psychiatr 2002)Psychiatr 2002) -- patients with winter depressions patients with winter depressions 

hahaveve lower nocturnal lower nocturnal bilirubinbilirubin concentrations compared to concentrations compared to 

controlscontrols . . 



Bilirubin and circadian rhytms?Bilirubin and circadian rhytms?

adapted from Oren et al. Science 1998

PPoplitealopliteal illumination with a visibleillumination with a visible --
spectrum light source, originally spectrum light source, originally 
developed to treat pathologic neonatal developed to treat pathologic neonatal 
jaundice, can shift human circadian jaundice, can shift human circadian 
rhythms without any transduction of rhythms without any transduction of 
light through the eye light through the eye ((Science 1998Science 1998 ))

Bilirubin Bilirubin waswas suggested as a suggested as a 
chronobiologicalchronobiological photoreceptor photoreceptor 
involved in human circadian rhythmsinvolved in human circadian rhythms



Schizophrenia and serum bilirubinSchizophrenia and serum bilirubin

-- ControversialControversial data:data:
�� positive positive associationassociation betweenbetween hyperbilirubinemiahyperbilirubinemia andand

schizophreniaschizophrenia describeddescribed by by MMüüllerller etet alal .. ((PharmacopsychPharmacopsych

19911991)) andand alsoalso MiyaokaMiyaoka et alet al .. (J (J ClinClin Psychiatry 2000Psychiatry 2000 a,ba,b))

�� on on contrarycontrary , r, reduced levels of serum educed levels of serum bilirubinbilirubin (Psychiatry (Psychiatry 

ResRes 20002000, , SchizophrSchizophr ResRes 20032003, , NeuropsychobiolNeuropsychobiol 2004)2004) in patients with in patients with 
schizophrenia were demonstrated in several schizophrenia were demonstrated in several otherother
studiesstudies

�� In In nonenone ofof these these studiesstudies GS genotype has GS genotype has beenbeen
analyzedanalyzed in in patientspatients withwith schizophreniaschizophrenia



Results
(Vítek et al. Liver Int 2005, abstract)

Results
(V(Víítek tek etet alal . . LiverLiver IntInt 2005, 2005, abstractabstract ))

<0.0<0.00001000114.1 14.1 (9.3(9.3--15.8)15.8)6.8 6.8 (4.8(4.8--8.2)8.2)--3263G/3263G/TT

0.00.0151521.8 21.8 (16.9(16.9--30.4)30.4)12.7 12.7 (6.2(6.2--18.2)18.2)TATA 7/7 TATA 7/7 (GS genotype)(GS genotype)

<0.0<0.00001000110.9 10.9 (7.6(7.6--12.2)12.2)5.0 5.0 (4.2(4.2--6.0)6.0)--32633263TT//TT

<0.0<0.00001000110.9 10.9 (7.8(7.8--12.6)12.6)5.0 5.0 (4.2(4.2--7.2)7.2)TATA 6/6TATA 6/6

SerumSerum bilirubin in bilirubin in subgroupssubgroups accordingaccording to to individualindividual genotypesgenotypes
(uM/L,(uM/L, medianmedian ; 95 CI); 95 CI)

0.1490.14926.626.617.517.5--3263G/G3263G/G (PBREM) prevalence (%)(PBREM) prevalence (%)

<0.0<0.00001000112.9 12.9 (8.8(8.8--15.0)15.0)7.0 7.0 (5.2(5.2--8.8)8.8)TATA 6/7TATA 6/7

0.00.0040416.9 16.9 (11.3(11.3--25.3)25.3)9.8 9.8 (6.4(6.4--13.5)13.5)--3263G/G3263G/G (GS genotype)(GS genotype)

0.3760.37616.416.411.311.3UGT1A1*28UGT1A1*28 prevalence (%)prevalence (%)

<0.00<0.001121.121.13.13.1Prevalence Prevalence ofof bili bili >>17 17 µµµµµµµµM/L (%)M/L (%)

<0.0<0.0010112.212.2
(9.0(9.0--16.1)16.1)

6.56.5
(4.8(4.8--8.5)8.5)

BilirubinBilirubin , , malesmales + + femalesfemales
((µµµµµµµµM/LM/L, , median; 25%median; 25% --75% range75% range ))

significancesignificanceControlControl ss
n = 128n = 128

SchizoSchizo
n = 97n = 97



�� PPatientsatients with schizophrenia have neither higher with schizophrenia have neither higher 
prevalence of common GS polymorphisms nor prevalence of common GS polymorphisms nor 
hyperhyper bilirubinemiabilirubinemia >1>177 µµµµµµµµM/L (1 M/L (1 mg/dLmg/dL ))

�� FurthermoreFurthermore , , allall genotype genotype subgroupssubgroups ofof patientspatients withwith
schizophreniaschizophrenia eexhibit substantially lower serum xhibit substantially lower serum 
bilirubinbilirubin levelslevels

�� LLowow serum serum bilirubinbilirubin levels levels seemsseems to to bebe aa
1.1. predispospredispos inging factorfactor for for schizophreniaschizophrenia
2.2. butbut alsoalso a a resultresult ofof itsits consumptionconsumption duringduring increasedincreased

oxidativeoxidative stressstress

SummarySummarySummary



ConclusionsConclusionsConclusions

SerumSerum bilirubin bilirubin isis anan importantimportant predictorpredictor ofof
oxidativeoxidative stressstress --mediatedmediated diseasesdiseases includingincluding

autoimmuneautoimmune , , neurologicneurologic andand psychiatricpsychiatric
conditionsconditions
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