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Abstract The objective of the study is to investigate the
correlation between bilirubin and uric acid (UA) concen-
trations and symptoms of Parkinson’s disease (PD) in Chi-
nese population. A total of 425 PD patients and 460 controls
were included in the current study. Patients were diagnosed
by a neurologist and assessed using the Hoehn & Yahr
(H&Y) scale. Venous blood samples were collected, and
bilirubin and UA concentrations were analyzed. Compared
to controls, indirect bilirubin (IBIL) and UA concentrations
were lower in PD patients (Pigy, = 0.015, Pya = 0.000).
Serum IBIL in different age subgroups and H&Y stage
subgroups were also lower compared to the control group
(PrgiL = 0.000, Pya = 0.000) but were not significantly
different among these subgroups. Females in the control
group had significantly lower serum IBIL and UA concen-
trations than males (P = 0.000, Pya = 0.000) and the
PD group (Pn = 0.027, Pya = 0.000). In early PD
(patients with <2-year medical history and no treatment),
serum IBIL and UA concentrations were also lower than the
controls (Pigy, = 0.013, Pya = 0.000). Although IBIL
concentration was positively correlated with UA concen-
tration in controls (R = 0.229, Pn. = 0.004), this
positive association was not observed in the PD group
(R, = —0.032, Py, = 0.724). Decreased levels of
serum IBIL and UA were observed in PD patients. It is
possible that individuals with decreased serum bilirubin and
UA concentrations lack the endogenous defense system to
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prevent peroxynitrite and other free radicals from damaging
and destroying dopaminergic cells in the substantia nigra.
Our results provide a basis for further investigation into the
role of bilirubin in PD.
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Introduction

Oxidative stress in the substantia nigra leads to lipid per-
oxidation, protein oxidation, and DNA oxidation, which
has been implicated in the onset of Parkinson’s disease
(PD) [1]. Notably, PD patients have decreased antioxidant
defense, thus rendering them susceptible to damage from
reactive oxygen (ROS) and reactive nitrogen species (RNS)
formed during cell metabolism and oxidative stress [2].

Bilirubin belongs to a tetrapyrrolic compound super-
family, one of the most highly conserved groups of mole-
cules in nature. It was long considered a potentially toxic
metabolite of heme catabolism, but it may also be able to
scavenge ROS. Although an early report on the antioxidant
effects of bilirubin was published in 1954 by Bernard et al.,
several decades passed before this effect got any attention
[3]. Indeed, bilirubin is the only endogenous lipophilic
antioxidant in the human body. It is more effective as an
antioxidant protecting lipids from oxidation than hydro-
philic antioxidants [4]. Bilirubin is almost three times more
potent in preventing low-density lipoprotein (LDL) oxi-
dation compared to the vitamin E analog Trolox [5]. More
importantly, bilirubin is a major contributor to the total
antioxidant capacity of plasma [6, 7].

Urate is the anionic form of uric acid (UA) and acts as a
hydrophilic antioxidant in humans. This property is mainly
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attributed to its capacity to react with ROS and chelate
transition metal ions [8]. Indeed, longitudinal studies have
shown that individuals with higher levels of serum urate
have a decreased risk of PD [9, 10].

Here, we describe a case—control study to investigate the
correlation between serum bilirubin and UA concentrations
and PD.

Methods

We conducted a case—control study to assess the relation-
ship between serum bilirubin concentrations and the
prevalence of PD. Consecutive PD patients were recruited
between July 2007 and November 2013 at the Department
of Neurology of Xuzhou Central Hospital, and (425 total,
282 men and 143 women) met the inclusion criteria.
Controls (460 total, 298 men and 162 women) were
recruited from the Medical Examination Center at the same
period of time. Controls with heart disease, liver and
gallbladder disease, kidney disease, or a history of sur-
geries were excluded. All PD patients met the published
criteria of idiopathic PD (UK Parkinson’s Disease Society
Brain Bank Clinical Diagnostic Criteria). For further
investigation, PD patients were divided into three sub-
groups according to sex (men and women subgroups), age
(<65 years old, 65-75 years old, and >75 years old), and
pathogenetic condition [Hoehn & Yahr (H&Y) stage]. All
participants were local residents with similar diets and
living habits and were not taking any other than anti-PD
medication. All participants provided informed written
consent prior to participating in the study.

Venous blood was collected in the morning after an
overnight fasting. Serum total bilirubin (TBIL), direct bil-
irubin (DBIL), and indirect bilirubin (IBIL) concentrations
(normal range: 3.4-20, 0-8, and 0-17 pmol/L respectively)
and UA concentrations (normal range: 100-420 pmol/L)
were measured using a Clinical Analyzer 7600-ISE (Hit-
achi High-Technologies, Tokyo, Japan). Concurrently,
concentrations of alanine transaminase (ALT, normal
range: 1-40 U/L), aspartate aminotransferase (AST, nor-
mal range: 1-40 U/L), y-glutamyl transpeptidase (GGT,
normal range: 5-60 U/L), creatinine (Cr, normal range:
15-120 U/L) were also evaluated using the same analyzer.
Individuals with abnormal ALT, AST, GGT, or Cr con-
centrations were excluded from the present study. Color
ultrasound was also conducted to exclude participants with
liver or gallbladder or kidney disease. Those with cardio-
vascular, or other brain diseases were also excluded.

Information related to sex, age, smoking habits, and the
use of dopaminergic agents or other drugs was obtained
from all participants. The duration of PD at the time of
testing was estimated from the time of PD diagnosis.
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Clinical history, interview, and laboratory data were all
collected on standardized forms and manually entered into
a password-protected database.

Statistical Analysis

All statistical analyses were performed using the Statis-
tical Program for Social Sciences (SPSS) statistical
software (version 18.0, SPSS, Chicago, IL, USA). Data
are presented as mean =+ standard deviation (SD). Sta-
tistical significance was set at P < 0.05. The effect of
age and sex on serum bilirubin and UA concentrations in
different groups was analyzed using one-way analysis of
variance.

Results

The clinical characteristics and laboratory findings of
patients and controls are summarized in Table 1. Overall,
there were 460 controls (298 men and 162 women) and 425
PD cases (282 men and 143 women), who were ultimately
included in the study. The mean age of the PD cases and
controls were 67.32 £ 9.15 (range: 48-87 years) and
67.84 £ 8.18 (range: 45-86 years), respectively, with sex
ratios of 282/143 and 298/162 (men/women). The PD and
control groups were not significantly different with respect to
age and sex. The mean disease duration for all cases was
3.50 £ 3.23 years (3.54 £ 3.44 years for the 82 men, and
3.30 & 2.95 years for the 43 women). The disease duration
was not significantly different between the sexes. Cases were
further divided into age subgroups: 165 cases were <65
years, 189 cases between 65 and 75 years, and 71 cases older
than 75 years. Cases were also divided into H&Y stage
subgroups: 203 cases were stages [-1I, 150 cases were stage
III, and 72 cases were at stages IV-V. A total of 82 patients
(55 men and 27 women) were not treated and had disease
durations of <2 years. The rest of the patients were only
treated with levodopa and benserazide.

Compared to controls, significantly lower serum UA
concentrations were observed in PD subjects (P = 0.000).
Females in the control group had considerably lower serum
UA concentrations than males (P = 0.000), and this trend
was observed in the PD group as well (P = 0.000). Female
PD patients had lower serum UA concentrations compared
to control females (P = 0.000), and the same was observed
for control and PD males (P = 0.000). The serum UA
concentrations were lower in the different age and H&Y
stage subgroups compared to controls (P = 0.000). But the
differences among the subgroups were not significantly
different. UA concentration was also significantly
decreased in early PD (P = 0.000) (Table 1; Figs. 1-4).
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Higher DBIL but a lower IBIL concentrations were
found in PD cases compared to controls (Ppgy. = 0.000,
P, = 0.015). No significant difference in TBIL con-
centrations was observed in PD cases and controls
(Pt = 0.650). Females in the control group were found
to have lower TBIL, DBIL, and IBIL concentrations than
males (PTBIL = 0000, PDBIL = 0000, PIBIL = OOOO),
and the similar differences were observed in the PD group
(PreiL. = 0.007, Ppgy. = 0.008, Pigy, = 0.027). Females
in the PD group had higher DBIL concentrations than those
in the control group. Males in the PD group also had higher
DBIL concentrations compared to the control group. The
mean IBIL concentration in the female PD group was not
different from that of control group. However, the IBIL
concentration in males with PD was lower than control
males. Serum DBIL levels in the different age and H&Y
stage subgroups were higher than the control group
(P = 0.000), but the differences were not significant
among subgroups. Serum IBIL in different age subgroups
and H&Y stage subgroups were lower than control
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(P = 0.000), with no notable difference among subgroups.
In early PD patients, IBIL concentration was lower than the
control subjects (P = 0.013), while the DBIL concentra-
tion was higher (P = 0.012) (Table 1; Figs. 1-4).

Finally, we analyzed the correlation between serum UA and
bilirubin concentrations. In the control group, TBIL, DBIL, and
IBIL had positive relationships with UA (Rrgp, = 0.224,
PTB]L = 0005, RDBIL = 0163, PDBIL = 004, RTBIL =
0.229, P, = 0.004), but these positive associations were not
observed in the PD group (Rtgy, = —0.029, Prgp. = 0.752;
Rpgn. = —0.023, Pppp. = 0.796; Rpn. = —0.032, P, =
0.724) (Table 2 and Figs. 5-10).

Discussion

The major finding of this study in Chinese PD patients and
healthy controls was that the serum UA and IBIL con-
centrations were lower in PD patients than controls, while
the mean serum DBIL concentration was significantly
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Figs. 1-4 Bilirubin and UA concentrations. * and **: P < 0.05 and P < 0.01 compared with the control group, respectively. #: P < 0.05 men

PD compared with women PD
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Table 2 Correlation between Control PD R P R P
serum UA and IBIL o con w e
TBIL 12.30 £+ 3.34 12.10 + 3.99 0.224 0.005 —0.029 0.752
DBIL 3.15 £ 0.96 374 £ 1.46 0.163 0.04 —0.023 0.796
IBIL 9.15 £ 2.58 8.36 £ 2.80 0.229 0.004 —0.032 0.724
UA 300.09 £ 60.06 241.26 £ 59.45
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Figs. 5-10 Correlation between serum UA and TBIL, DBIL, and
IBIL in the control and PD groups. Serum TBIL, DBIL, and IBIL
concentrations were positively correlated with UA concentration in
the control group (TBIL R = 0.224, P = 0.005; DBIL R = 0.163,
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P = 0.04; IBIL R = 0.229, P = 0.004), but there were no significant
associations in the PD group (TBIL R = —0.029, P = 0.752; DBIL

R = —0.023, P = 0.796; IBIL R = —0.032, P = 0.724)
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higher in PD patients. Moreover, these trends were also
observed when males and females were assessed separately
and when PD patients were further divided into age and
H&Y subgroups. In addition, serum TBIL, DBIL, and IBIL
concentrations showed a positive correlation with the
serum UA concentration in the control group, while no
such correlation was seen in PD group. To our knowledge,
this is the first study reporting an assessment of bilirubin
concentrations in patients with PD.

Bilirubin has long been considered as simply the met-
abolic end product of heme catabolism; however, it is
increasingly recognized as a potent antioxidant under
physiological conditions and has recently been reported to
play an important role in protecting from oxidative stress.
The first report on the antioxidant effects of bilirubin was
published as early as 1954, but several decades later the
antioxidant properties of the bilirubin have attracted major
scientific attention. The pioneering study of Stocker et al.
in 1987 introduced the concept that unconjugated bilirubin
(UCB) at low “physiological” plasma concentrations has a
beneficial role by acting as a potent antioxidant that
scavenges peroxyl radicals as efficiently as o-tocopherol
[3]. Bilirubin may, in fact, be the most abundant endoge-
nous antioxidant in mammalian tissues [3, 11]. UCB has
been demonstrated to protect neurons [12] and hippocam-
pus [13] from the oxidative stress damage by acting as an
antioxidative neuroprotective. The highly lipophilic bili-
rubin molecule might interact with cell membranes to
protect against lipid peroxidation [14, 15]. Bilirubin also
appears to explain the neuroprotection offered by heme
oxygenase (HO), as the detrimental effect of HO deletion is
reversed by restoring even low concentrations of bilirubin
[16]. In an experimental model of acute ischemic stroke,
overexpression of HO attenuates injury, and HO knockout
substantially worsens neuronal damage. Bilirubin may
limit stroke-induced neurologic injury, a hypothesis that is
supported by the observation of increased neuroprotection
of biliverdin reductase in experimental stroke [17]. Nota-
bly, as expected the cytoprotection offered by bilirubin
greatly exceeds that of glutathione (GSH) based on its
intracellular 10,000-fold excess of oxidants [4]. Indeed,
bilirubin has been shown to be more effective for protec-
tion of lipids from oxidation than the water-soluble anti-
oxidants, such as GSH, which primarily protects proteins
from oxidation [10]. However, bilirubin has also been
demonstrated to be about 30 times more potent toward the
prevention of LDL oxidation compared with the lipid-sol-
uble vitamin E analog, Trolox [5].

Multiple substances are thought to act as antioxidants in
the human body, including bilirubin, UA, GSH, ascorbate,
vitamins A and E, ergothioneine, and possibly melatonin.
Some are endogenous, such as bilirubin, melatonin, GSH,
and UA, while others are exogenous, such as vitamins A
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and E, ascorbate, and ergothioneine. Some of these are
largely lipophilic, such as bilirubin and vitamins A and E,
whereas GSH, ascorbate, UA, and ergothioneine are more
hydropholic. Bilirubin is the only endogenous, lipophilic
antioxidant in human body [4].

Uric acid is the end product of adenosine, guanosine,
and purine metabolism and is thought to be a potent anti-
oxidant that effectively scavenges ROS and RNS, and its
potential protective effects in PD have been reported pre-
viously. Epidemiological and clinical studies reported that
individuals with lower serum urate levels have a markedly
higher risk of developing PD [18, 19]; conversely, those
with higher serum urate levels have a lower risk of
developing PD [20, 21]. In addition, UA levels in patients
with PD are lower than those measured in healthy controls
[22]. Experimental studies have demonstrated that the UA
has protective effects on neural cells, including dopami-
nergic neurons [8, 23, 24]. UA levels are related with
disease onset and development, which suggests that it
could serve as a novel PD biomarker to aid diagnosis and
prognosis [25]. In our study, the mean serum UA concen-
tration was dramatically lower in patients with PD, which
is in accordance with previously published results. How-
ever, we found that female patients had even lower UA
concentrations compared to male patients, and that the
lower value was not associated with age or disease stage.
We also collected data from patients who were recently
diagnosed with PD and with less than 2 years disease
duration and were not taking any PD medications, seemed
to have the same results, implying that UA might decrease
prior to or coincident with disease onset.

Although the exact causes of selective dopaminergic
cell death underlying PD remain unknown, oxidative
stress is regarded as a potential mechanism in disease
pathogenesis [26], and evidence of oxidative damage,
such as DNA and protein damage and lipid peroxidation,
have been observed in post mortem PD brains [27, 28].
Brain tissue is rich in polyunsaturated fats, which are one
of the substrates for lipid peroxidation, and these are
especially sensitive to ROS [29]. Autopsy studies have
demonstrated an increased lipid peroxidation and higher
levels of free radicals in substantia nigra neurons of PD
patients [29]. Lipid peroxidation seems to have an
important role in the pathological processes of PD; con-
sequently preventing peroxidation might be a useful
therapeutic strategy to combat PD.

Since the oxidative stress in PD is important, the con-
cept of discrete lipophilic and hydrophilic domains of
protection has clinical implications. The major antioxida-
tive defense system is the GSH redox cycling system,
which is comprised of GSH and its two redox enzymes,
glutathione peroxidase and glutathione reductase. This
system is primarily effective for hydrophilic ROS because
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of the hydrophilic nature of GSH. Vitamin E was previ-
ously thought to neutralize lipophilic ROS; however,
extensive studies have yielded disappointing results. In
contrast, the biliverdin and bilirubin pathway is expected to
be effective against lipophilic ROS, because of the lipo-
philic nature of bilirubin. Therefore, this biliverdin to bil-
irubin pathway system is presumed to be complementary to
the GSH redox cycling system for scavenging both
hydrophilic and lipophilic ROS.

TBIL consists of direct (conjugated) and indirect
(unconjugated) bilirubin. UCB is derived from the reduc-
tion of biliverdin, a product of heme degradation by bili-
verdin reductase [30]. UCB is strongly bound to serum
albumin, which transports it to the liver. There, bilirubin is
conjugated with one or two molecules of glucuronic acid, a
reaction catalyzed by bilirubin UDP—glucuronosyltrans-
ferase in hepatocytes [31]. In comparison to unconjugated
bilirubin, conjugated bilirubin is soluble in serum and only
weakly binds to albumin, making it more easily available
in its active form compared to IBIL [32]. Most of the
previous studies have reported that UCB exerts anti-ROS
properties and therefore had protective effects; whereas
conjugated bilirubin was rarely mentioned.

In our study, serum IBIL concentration was found to
exhibit an inverse association with PD incident. While
serum DBIL concentration was positively associated with
PD, the relationship is not fully elucidated and requires
further investigation. The same result was found in early
stage PD patients, implying that IBIL might decrease
before or coincident with disease onset rather than in
response to disease. Lower IBIL levels were not related
with patients’ age or disease stage, nor were UA concen-
trations. To our knowledge, there is limited data showing a
differentially protective effect of IBIL in PD; most previ-
ous studies assessing bilirubin levels in certain diseases
(e.g., metabolic syndrome, diabetes, etc.) only measured
TBIL without separation of various types of bilirubin. As
far as the effect of lipid peroxidation in PD pathogenesis is
concerned, lower serum IBIL levels influence PD devel-
opment by reducing endogenous anti-lipid peroxidation
resistance still requires further investigation.

Bilirubin and UA are endogenous antioxidants with
neural protective effect. It has been confirmed that UA
plays a protective role against PD. The fact that both IBIL
and UA concentrations were decreased in PD patients
indicates that IBIL could also protect against PD. Our
results demonstrated a correlation between bilirubin and
UA levels. Levels of IBIL and UA were positively corre-
lated in the control group but not the PD group.

PD pathogenesis is influenced by multiple factors, and
bilirubin and UA might affect different mechanisms or path-
ways. The relationship between bilirubin concentration and
PD warrants further research with larger patient sample size.

Limitations

Our study has some limitations. Our results must be
interpreted cautiously as the study population, although
well defined, was relatively small. Moreover, reduced
serum UA and bilirubin concentrations are not specific for
PD; as they have been linked to a variety of diseases,
including metabolic syndrome, diabetes, cardiovascular
disease, and cancer [33-35]. An important factor to con-
sider is that patients with PD are usually older and often
have one or more comorbid conditions.

Conclusions

In conclusion, our findings indicate decreased levels of
serum bilirubin and UA in PD patients. Although there is
some uncertainty as to whether these changes are cause or
consequence of PD. But it is possible that persons with
decreased serum bilirubin and UA concentrations lack
endogenous defense system to prevent peroxynitrite and
other free radicals from damaging and destroying dopa-
minergic cells in the substantia nigra. Our results provide a
basis for further investigation into the role of bilirubin in
PD and other neurodegenerative conditions.
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