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Summary
Bilirubin is more than just the fi nal product of heme catabolism. Today it is considered to be a fundamental 
substance which acts as an antioxidant and anti-infl ammatory agent in the serum. It can neutralize free radi-
cals and prevent peroxidation of lipids. In addition there is evidence that it protects the cardiovascular system, 
neuronal systems, the hepatobiliary system, the pulmonary system and the immune system. Recently the use 
of pharmacological agents which augment expression of Heme oxygenase 1 (HO-1) has been investigated. 
Consequently its metabolites such as carbon monoxide (CO), biliverdin (BV) and bilirubin (BR) could become 
parts of a therapeutic strategy for treatment of various infl ammatory illnesses
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Bilirubin (BR) has been commonly considered to be simply 
the “fi nal product” of heme catabolism. Healthy newborns 
have high concentrations of it as a result of fetal erythro-
cytes breaking combined with its transitory inability to 
combine with glucuronic acid. In addition, high levels of it 
can end up accumulating inside the brain causing irreversi-
ble damage in areas such as the basal ganglia, producing ker-
nicterus or bilirubin encephalopathy (1, 2). However, for 
the past 20 years bilirubin has increasingly become known 
for physiological functions in normal concentrations. It as 
a powerful antioxidant and anti-infl ammatory that can help 
prevent lipid oxidation and other kinds of oxidation with 
bett er effi  ciency than vitamin E (3, 4). It has also been pos-
tulated as one of the principle defense mechanisms in the 
serum against oxidative stress (5, 6) and may have protec-
tive eff ects for the pulmonary, (7), cerebral (8), hepatobi-
liar (9), immunological and cardiovascular systems (1, 3). 

Th e concept of non conjugated bilirubin as a powerful 
antioxidant could be the answer, from a teleological point of 
view, to mammals’ necessities for producing bilirubin and 
not stopping the catabolic chain from heme to biliverdin 
(BV) like amphibian, reptiles and birds do (10). Biliverdin 

is a hydrosoluble substance that is easily excreted into the 
bile without spending an extra amount of energy or using 
other enzyme systems such as biliverdin reductase to fi na-
lly produce bilirubin, a substance that is insoluble in water. 
Moreover, it needs albumin for transportation and for its 
conjugate excretion with glucuronic acid through UDP 
glucuronyl transferase 1 which makes it hydrosoluble, so it 
can be excreted into the bile and the small intestine (11). 
Th is article will review evidence that supports the concept 
of bilirubin as a protective substance for human beings. 

Every day human beings produce 4 mg of bilirubin per 
kilogram of weight. Th e process starts with molecules that 
contain heme which is present in the hemoglobin of red 
blood cells and in other heme proteins such as cytochro-
mes, catalases, peroxidases and tryptophan pyrrolase (11, 
12). 80% of the heme group comes from hemoglobin relea-
sed by senescent erythrocytes and ineff ective erythropoie-
sis. Th e other 20% is related to enzymatic non-erythroid 
sources (11, 12).

It has been proven that there are two bilirubin produc-
tion peaks aft er an intravenous administration of porphyrin 
precursor radiation markers such as D aminolevulinic acid 
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or glycine. One, due to ineff ective erythropoiesis, occurs 
aft er 72 hours. Th e other, due to the destruction of senes-
cent erythrocytes, occurs aft er 110 days (11-13).

Heme is a tetrapyrrole group, united by methane bridges. 
Each bridge is a diff erent size due to the sizes of their chains 
their asymmetrical distributions (14).

Free heme is dangerous in excessive quantities (15) 
which is why it is quickly removed from tissues through 
hydrolyzation by microsomal heme-oxygenase, specifi ca-
lly at the α-methane bridge. Th is results in production of 
biliverdin, a carbon monoxide molecule (CO), the release 
of iron, and consumption of oxygen. Th e process requires 
a reducing agent, NADPH (16). CO is a neurotransmitt er 
and a powerful anti-infl ammatory (17-19). Th ere are three 
diff erent kinds of heme-oxygenase isoforms. Th e fi rst one 
is isoform HO-1, inducible by stress or by the aforementio-
ned heme. Isoform HO-2 is a protein primarily made in the 
testicles and the brain. Isoform HO-3 has very low catalytic 
activity. Its main function is as a linking protein to heme 
(17-19). HO-1 has a high concentration in the spleen and 
is responsible for heme’s quick elimination from circula-
tion. It seems that HO-2 can protect neurons from oxida-
tive damage (20). Heme oxigenase is part of the system 
which regulates the integrity of endothelial cells and which 
also regulates oxidative stress. Th e heme group of enzymes 
is very important for endothelial cells because it regulates 
activities of soluble guanylate cyclases (GCs), nitric oxide 
synthase (NOS), cytochrome P450 (CYP450), mono-oxi-
genase, cyclo-oxigenase (COX) and catalase (21, 22). As 
will be discussed later, its induction or overexpression plays 
an important role in cellular lesions mediated by oxidative 
stress. HO-1 can be expressed not only by stimulating its 
free heme substrate, but also by diverse pro-infl ammatory 
stimuli. Th is expands its functions from degrading heme 
groups to eliminating infl ammation (23) and to antioxi-
dant and anti-infl ammatory eff ects. Th is is mainly the result 
of biliverdin and bilirubin formation (24). 

Th e next step is the reduction of biliverdin to bilirubin by 
the action of biliverdin reductase (BVR) (13, 21) (fi gure 
1). Despite the presence of various polar groups like pro-
pionic acid and amines, bilirubin is water insoluble. Th is 
paradox is due to the internalization of its hydrogen ions 
(21) (fi gure 2).

Once bilirubin has been formed it can interact with 
free oxygen radicals, producing its own oxidation which 
transforms it once again into biliverdin (1, 13).Th is recon-
version is catalyzed by BVR which, by virtue of the same, 
detoxifi es up to 10,000 times the oxidant excesses (1) 
(fi gure 3). When bilirubin acts as an antioxidant it is con-
verted into biliverdin. Since bilirubin is soluble in lipids 
it can protect cells against lipid peroxidation. All soluble 

oxidants are neutralized or detoxifi ed by glutathione using 
a cycle that requires two enzymes: glutathione peroxidase 
and glutathione reductase (1, 25). Th is protects hydroso-
luble proteins from oxidation by glutathione while lipids 
are protected by bilirubin. Th is explains the physiologically 
complementary antioxidant and cytoprotective functions 
of these two substances (1). Th ey may have other supe-
rimposed activities due to the fact that glutathione can 
also protect against lipid oxidation (1, 2, 13). Other known 
antioxidant defense mechanisms are superoxide dismutase 
enzymes and catalase that turn superoxide anions into 
water (1, 2). 

Figure 1. From Heme to Bilirubin.

Figure 2. Internalization of Bilirubin’s Hydrogen Ions.

In nature hydrogen bridges are hydrolyzed by the glucu-
ronidation of the carboxyls of propionic acid. As a result 
bilirubin becomes hydrosoluble (conjugated bilirubin) and 
is excreted into the bile. Conjugated bilirubin reacts quic-
kly through the Van den Bergh reaction (VdB) due to the 
accessibility of its central methane group while non-conju-
gated bilirubin reacts very slowly to Diazo reactive substan-
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ces because of its internalized hydrogen and the methane 
bridge which is inaccessible to the reactive substance (13, 
21). Since total bilirubin can be measured by accelerators 
that can break hydrogen bridges (VdB), the diff erence 
between total bilirubin measured by VdB and conjugated 
bilirubin is considered to be non conjugated bilirubin. 
Less than 4% of normal total bilirubin is conjugated, but 
methods based on the Diazo reaction such as VdB give false 
results as high as 10 to 15% of total bilirubin. Th is is why 
it has classically been considered that this kind of reaction 
overestimates conjugated bilirubin (13). Exposure to the 
sun breaks the hydrogen bridges and changes the non con-
jugated bilirubin confi guration allowing it to be excreted 
into the bile (26).

CARDIOVASCULAR SYSTEM

Today there is evidence of the protective eff ect of mild to 
moderately elevated levels of bilirubin against diseases related 

to oxidative stress. Among these are ischemic cardiovascular 
disease, Alzheimer’s disease and ischemia-reperfusion, sug-
gesting that increased production of bilirubin is an adaptive 
response against oxidation (27). Several studies have found 
that elevated levels of bilirubin are associated with a decrea-
sed risk of coronary disease (28, 29). Th e inverse association 
between bilirubin and risk of coronary disease was analyzed 
in the European study “Prospective Epidemiological Study 
of Myocardial Infarction (PRIME)” (30). In this study bili-
rubin was measured in 216 coronary patients over 5 years in 
which 434 examinations were conducted. Bilirubin levels 
were signifi cantly lower among the coronary patients than 
within the control group. Th e mean bilirubin level of the 
patient group was 0.46 mg/dL, while the range was from 
0.31 to 0.72 mg/dL. Th e mean bilirubin level of the control 
group was 0.53 mg/dL, while the range was from 0.36 to 0.75 
mg/dL. Based on these fi ndings it has been suggested that 
bilirubin is a new indicator of coronary risk in middle-aged 
men (30). In people with Gilbert’s syndrome, the frequency 

Figure 3. Hypothesis on OH-1 protective mechanisms to the angiotensin II induced lesion. Ang II: Angiotensin II. AT1/2: Receptor 1 and 2 of 
Angiotensin II. HO-1: Heme Oxigenase 1; CO carbon monoxide. ROS: Reactive Oxygen Species. Angiotensin II. ATI/ 2: Angiotensin II receptors 1 
and 2. HO-1: Heme oxigenase 1; CO Carbon monoxide. ROS: Reactive Oxygen Species. 
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of ischemic heart disease is lower than the general popula-
tion (2% vs. 12%) (31). Apparently the protective eff ect of 
bilirubin is higher than the HDL level, classically considered 
to be the protective cholesterol fraction (31). 

 It has also been found that high levels of bilirubin pre-
serve coronary fl ow and microvascular coronary functions. 
Hakan and colleagues (32) found that the diastolic peak 
was directly related to total bilirubin levels. In contract to 
the behavior of the ultrasensitive reactive protein C (PCR) 
which is inversely proportional, thus confi rming that eleva-
ted levels of bilirubin can prevent atherosclerosis. 12% of 
the population has elevated levels of bilirubin (33) which 
seem to be genetically determined. 

In a recent study of 55 families (33), 188 male and 144 
female patients were randomized for several cardiovascular 
risk factors to determine if low bilirubin levels are related 
to early cardiovascular events (Early defi ned for men as 
before the age of 55, and for women before the age of 65 
years). High albumen levels and low levels of high density 
lipoproteins (HDL) were related to high bilirubin levels in 
women but not in men. Low bilirubin levels were related 
to small increases in cardiovascular events in men, but not 
in women. Bilirubin gene secretion was found in 23% of 
the population. It was concluded that high bilirubin levels 
have a small eff ect on decreasing cardiovascular risk in men 
with no diff erences in women, possibly due to low HDL-C 
levels (33). In the Framingham Heart Study, the homo-
zygous allele UGT1A1*28 was related to high bilirubin 
levels and had a strong association with low cardiovascular 
risk (34). Low bilirubin levels are also independent of, and 
inversely related to, the deterioration of carotid fl ow. Th is is 
mediated through vasodilation and increased carotid artery 
intima-media thickness in both men and women, making 
these two factors predictors of atherosclerosis (35). 

A correlation was also found between the highest bili-
rubin levels and lower risk of peripheral arterial disease. 
Th e National Health and Nutrition Examination Survey 
(NHANES), undertaken from 1999 to 2004 (36), analyzed 
7075 patients’ levels of total bilirubin and risk factors for 
peripheral arterial disease (EAP). It found, that a 0.1mg/
dl bilirubin increment was associated with a 6% decrease in 
EAP. Th e odds ratio (OR) was 0.94. Th e 95% confi dence 
interval was 0.9 to 0.98. Hyperbilirubin results were not 
due to chronic hepatic disease or alcohol consumption. 
An inverse relation was found between EAP and bilirubin 
levels in men with an OR of 0.90 and a 95% confi dence 
interval between 0.85 and 0.96 while in women the OR was 
0.97 and the 95% confi dence interval was between 0.91 
and 1.04. Th ere was a strong association between smokers 
whose OR was 0.81 with a 95% confi dence interval bet-

ween 0.73 and 0.90) and non-smokers whose OR was 0.97 
and whose 95% confi dence interval was between 0.93 and 
1.02. Th e study results led to the conclusion that high bili-
rubin levels are associated with lower EAP prevalence. In a 
metaanalysis a negative association was also found between 
high bilirubin levels and severity of atherosclerosis (37). 

In addition to neutralizing oxygen radicals, unconjugated 
bilirubin also acts as a reducing agent of some peroxides 
including prostaglandin H synthase (PGH) when in the 
presence of hydrogen peroxide or organic hydroperoxi-
des (38). Recently, Mazza and colleagues demonstrated 
bilirubin’s antioxidant and cytoprotective eff ects in rela-
tion to damage to endothelial cells mediated by angioten-
sin II (38). Other authors have found that angiotensin II 
signifi cantly stimulates peroxide formation in monocytes. 
Exogenous application of bilirubin not only suppresses 
peroxide formation, but also suppresses the chemotactic 
activity of angiotensin II in these cells (39). Consequently 
bilirubin’s action can be particularly relevant to preven-
ting vasoconstriction mediated by oxidation mechanisms. 
Within the mechanisms of action along this pathway it has 
been demonstrated that inhibiting NADPH oxidase and 
protein kinase C (PKC) activity prevents vascular damage 
mediated angiotensin II (40, 41). Long ago has it been 
known that angiotensin II is frequently elevated in hyper-
tense people and associated to high levels of free radicals 
in oxygen which increase renal damage (42) and therefore, 
natural antioxidants like bilirubin have protector eff ects 
(fi gure 3). 

It has recently been found that in diabetic mice both bili-
verdin and bilirubin can preserve endothelial cell integrity, 
preventing cellular death and augmenting vascular reacti-
vity and vascular restenosis (43, 44). (45, 46). In experi-
mental diabetes bilirubin is implicated in the reduction 
of oxidative stress which augments the bioavailability of 
nitric oxide (NO) needed for the integrity of endothelial 
cells (46). HO-1 att enuates the generation of oxidants by 
diabetes and uncouples nitric oxide synthase (NOS) to 
mediate the inhibition of PKC and NADPH oxidase in the 
endothelial cell (43, 46). Glucose increases the production 
of peroxynitrites which are NO/O2- reaction products. In 
turn, the peroxynitrites inactivate the precursor of nitric 
oxide synthase (NOS) by increasing the uncoupling of 
the enzyme creating a greater quantity of O2- (peroxide) 
than of NO (47-49). Functional NOS can increase with 
HO-1. Th e peroxynitrites stimulate the genetic expression 
of HO-1 in non-diabetic people, but in diabetics glucose 
suppresses the eff ects on the expression HO-1. Th e HO-1 
increases the expression of super oxide dismutase which 
can protect against uncoupling of NOS (47-49). 
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In the renal blood vessels of rodents treated with biliver-
din, the expression of E selectins and P selectins, by lipo-
polysaccharide (LPS) was signifi cantly reduced. Th is con-
fi rmed that biliverdin and bilirubin have anti-infl ammatory 
properties (50). In experimental models of endotoxemia 
in rodents, Want and colleagues (51) demonstrated that 
bilirubin is a key mediator of cytoprotection. It improved 
cellular lesions in response to the infusion of LPS when 
levels of NO and TNF-α had already been reduced and the 
inducible synthase of hepatic NO was signifi cantly less. 

Arteriosclerosis is an infl ammatory disease of the walls of 
large and medium size arteries which is precipitated by ele-
vated levels of low density lipoproteins in the blood (52). 
Oxidative modifi cations in the plasma of low density lipo-
proteins (LDL), mainly at the level of arterial walls, marke-
dly increases the atherogenicity of these (53) and, with the 
deposit of oxidized LDL, form part of the crucial lesions 
of arteriosclerosis (54). Minimally modifi ed LDL induces 
chemotactic protein-1 monocytes and colony-stimulating 
factor which produce recruitment and diff erentiation of 
macrophages in the arterial wall (54). Th e endothelial cell 
dysfunction induced by oxidized LDL is one of the fi rst 
steps in the development of arteriosclerosis, so the adap-
tive vascular responses and /or oxidative stress protectors 
are important in the prevention of arteriogenesis (55). 
Inhibition of LDL oxidation is one of the anti-arteriogenic 
properties of bilirubin. Th is includes neutralizing free oxy-
gen radicals generated from phospholipids, triglycerides 
and cholesterol esters (56, 57). Even at low concentrations 
it has the capacity to inactivate oxygen radicals in Vitro, 
decreasing oxidative cell damage and att enuation of oxida-
tive stress in vivo (58-60). Th e mechanisms by which biliru-
bin reacts with oxygen radicals are not completely unders-
tood, however its hydrophobic tetrapyrrole structure has 
been reported to be an inhibitor of NADPH oxidase and 
protein kinase C (PKC) among other mediators of pro-
arteriogenic factors (58-60).

THE IMMUNE SYSTEM

Experimentally, bilirubin has immunosuppresor eff ects 
which act on lymphocytes and granulocytes (61). In vitro, 
bilirubin in concentrations from 100 to 200 micromoles 
inhibits cytotoxic T lymphocyte activity (62). Similarly, it 
alters the proliferation of T cells induced by phytohema-
gglutinin (63). HO 1 has important immunosuppresor 
eff ects and its induction decreases episodes of acute and 
chronic rejection in solid organ transplants (64, 65). Th ese 
eff ects seem to be mediated by biliverdin and bilirubin 

(BV/BR) (62, 65). BV’s anti-infl ammatory eff ects in organ 
transplants is expressed by less proliferation of T cells, less 
leukocyte infi ltration and longer survival of cardiac trans-
plants (66). BR inhibits the activation of endothelial cells 
in the suppression of E-selectin adhesion molecules (67). 
An important eff ect of the BV/BR system is inhibition 
of nuclear factor-kB which is necessary for transcription 
of pro-infl ammatory genes (66, 67). Both substances are 
antiapoptotic and can suppress the responses involved in 
chronic dysfunctions of transplants (24).

HEPATOBILIARY EFFECTS

Experimentally, it has been found that the BV/BR system 
prevents acetaminophen toxicity (68) by neutralizing toxic 
free radicals produced by the metabolism of this medica-
tion (69). Biliverdin’s cytoprotective eff ects against lesions 
produced by post-ischemia hepatic reperfusion have been 
demonstrated in rats (70). CO has been demonstrated to 
modulate the formation and fl ow of bile (71). 

CONCLUSIONS

In spite of the evidence of the antioxidant eff ect of bilirubin 
it is important to highlight that this eff ect basically occurs 
in the serum while the most important protective mecha-
nisms are within the tissues. Since bilirubin’s concentration 
is 100 to 1000 times greater in the serum than within cells, 
we still lack an elucidation of the interrelation of bilirubin’s 
activities within the serum and its activities which occur 
inside the cells (1). Th e great challenge involved in unders-
tanding these physiological events is to apply what we learn 
to therapeutic applications. Recently, the results of biliver-
din and bilirubin’s’ therapeutical application in solid organ 
transplants have been checked (1, 72). Th e use of phar-
macological agents that increase HO-1 expression, and 
therefore its metabolites (carbon monoxide, biliverdin and 
bilirubin) can become a therapeutic strategy for handling 
diff erent infl ammatory diseases (24). Th is last possibility 
acquires greater relevance if we take into account the fact 
that the only currently available strategy is the use of immu-
nosuppresors which increase the incidence of tumors and 
infectious bacterial, fungal and viral diseases in patients 
with transplants (73). Similarly, HO-1 is being considered 
as a potential therapeutic target for hepatoprotection (9). 
In fi gure 4, the benefi cial eff ects of the metabolites involved 
in the metabolic chain of heme metabolism (CO, BV/BR) 
are shown. 
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