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ABSTRACT. This study aimed to disclose the potential causality of low
bilirubin in patients with nephrotic syndrome (NS). Correlation analysis
was carried out on total bilirubin (TBIL) to serum albumin (ALB),
urine protein (Upr), and urinary microalbumin/creatinine (Umalb/cr)
for three groups in a case-control study. P < 0.001 was observed for
TBIL, ALB, Umalb/cr, and Upr between the NS and chronic nephritis
(CN) groups, and P values of 0.0001, 1.000, 0.0001, and 0.0001 were
observed for TBIL, ALB, Umalb/cr, and Upr, respectively, between the
postoperative gastroparesis (PGS) and CN groups. The values of 7 and P
in correlation to TBIL were 0.549 and 0.000 for ALB, -0.405 and 0.000
for Umalb/cr, and -0.448 and 0.000 for Upr in the NS group; -0.007 and
0.959 for ALB, 0.213 and 0.091 for Umalb/cr, and -0.082 and 0.519 for
Upr in the PGS group; and 0.509 and 0.000 for ALB, -0.431 and 0.000
for Umalb/cr, and -0.362 and 0.002 for Upr in the CN group. A probable
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causality is implied between the low level of blood bilirubin and its loss
in urine in NS patients. This conclusion may provide a theoretical basis
for the feasibility of therapies against oxidative stress in NS patients.

Key words: Bilirubin; Nephrotic syndrome; Chronic nephritis;
Urine protein; Albumin

INTRODUCTION

Bilirubin is mostly derived from degraded hemoglobin, and the rest is from the reticu-
loendothelial cells in the bone marrow, spleen, and liver. Bilirubin is generated under the effect
of biliverdin reductase from dehydrobilirubin, a molecule from the oxidation of hemoglobin
catalyzed by heme oxygenase in the presence of nicotinamide adenine dinucleotide phosphate
and oxygen.

Schwertner et al. (1994) first recognized lower bilirubin levels in patients with coro-
nary heart disease compared with healthy control individuals, which suggests that low bili-
rubin level is a newly found risk factor for coronary heart disease. Since this discovery by
Schwertner et al., the biological effect of bilirubin has gained increasing attention.

Bilirubin contains an active hydrogen atom and elongated C-10 structure (i.e., a con-
jugated double-bond system). Moreover, bilirubin is a natural antioxidant and is one of the
members of the endogenous antioxidant system similar to glutathione in the human body.
Bilirubin can eliminate free radicals, inhibit lipid hyperoxidation, alleviate oxidative damage,
and improve the antioxidation capability of patients. Bilirubin is a substance with biological
antioxidation effect that protects the cerebral and cardiovascular systems under stress.

Bilirubin has a stronger antioxidation activity than vitamin E (Wu et al., 1996). Bili-
rubin may either directly or indirectly prevent low-density lipoprotein (LDL) from being oxi-
dized by oxygen-derived free radicals produced by 2-2 nitrogen (2-propyl amidine) dihydro-
chloride at 37°C, thereby effectively preventing the formation of oxidatively modified LDL
(ox-LDL) (Mayer, 2000).

Urine protein (Upr) level higher than 3.5 g/dL and plasma albumin concentration lower
than 3 g/dL are the necessary conditions for the diagnosis of nephrotic syndrome (NS), which
is characterized by hyperlipidemia as a frequent clinical manifestation. Proteinuria is defined as
the increase in protein amount in crude urine, which results from the damaged barrier of both
molecules and loads provided for glomerular filtration membrane. When protein loss exceeds the
reabsorption rate at the proximal tubule, high-grade proteinuria occurs. This condition is char-
acterized as a discharge of protein and is complicated with the loss of a great deal of albumin in
the urine, which would improve the compensatory synthesis of albumin by the liver. However,
hypoproteinemia occurs when the enhanced synthesis of albumin cannot compensate its loss.

After being generated by the cells in the mononuclear phagocytic system and then re-
leased into circulation, bilirubin may be categorized into three groups according to its existing
forms: free, combined, and covalent.

In the plasma, the existence and transportation of bilirubin are mainly in the form of a
bilirubin-albumin complex. The combination of bilirubin and albumin in the plasma not only
improves water solubility and transportation by plasma, but also limits the free penetration
through membranes of various cells, thereby preventing toxic effects to cells and tissues.
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Studies have proven a high-affinity binding site and a low-affinity binding site on
albumin for the covalent combination with bilirubin (Margarson and Soni, 1998).

Given the low plasma level bilirubin that is determined in normal clinical conditions
as well as the combination of 25 mg of bilirubin with every 100 mL plasma albumin, plasma
albumin has a great tendency to combine with bilirubin and only a small amount of bilirubin
remains unbound.

However, the combination form for most bilirubin with albumin is nonspecific, nonco-
valent, and reversible. Moreover, the combination rate is greater than 99% (Ostrow et al., 2003).
Transfer of bilirubin to tissues and cells from plasma may be initiated by the decrease in albumin
content, binding sites occupied by other substances, or lowered affinity of bilirubin to the sites.

Several organic anions, such as fatty acids and salicylic acid, may compete with bili-
rubin for albumin, thereby setting bilirubin free.

As a strong endogenous antioxidant in the human body, bilirubin is a main member
of substances with antioxidant activity in serum and is capable of efficiently eliminating su-
peroxide, peroxide, and free radicals. Bilirubin is important in diseases correlated to oxidative
stress, including hypertension, coronary heart disease, and diabetes. Studies have indicated
low levels of bilirubin in NS patients (Danesh et al., 2002; Usui et al., 2003). Therefore, we
made a comparative study on bilirubin, serum albumin (ALB), and 24-h urinary protein quan-
tity in three groups of patients with NS, chronic nephritis (CN), and postoperative gastropare-
sis syndrome (PGS) (ALB < 3.5 g/dL).

MATERIAL AND METHODS
Subjects

This case-control study was carried out under the guidance of the Ethics Committee of
our hospital. Cases treated from January 2010 to February 2013, including 198 patients with

NS, 70 with chronic nephritis, and 64 with PGS (ALB < 3.5 g/dL), who met the inclusion cri-
teria were included in this research. General information about the subjects is listed in Table 1.

Table 1. Baseline levels of the three groups.

NS group CN group PGS group
Case number 198 70 64
Age (years) 39.26 +10.23 41.14 +13.84 43.72 +10.58
Gender ratio 102:96 36:34 35:29
Creatinine 63.5+169 178 +44.6 58.9 + 14.8
Blood urea nitrogen 6.01 £2.48 11.6 £5.39 526 +2.59
Triglycerides 3.01+1.30 248+ 1.75 1.26 +0.82
Total cholesterol 13.1+£3.57 5.824+1.58 3.00 +0.92
Cystatin C (mg/L) 0.86 +0.23 2.60+0.73 0.92 +00.19
Glomerular filtration rate (mL-min'-1.73 m-?) 89+ 17 478+ 13 93+ 18

NS = nephrotic syndrome; CN = chronic nephritis; PGS = postoperative gastroparesis.
Diagnostic criteria for PGS

Given the lack of generally accepted criteria for the diagnosis of PGS worldwide, the
generally adopted Bar-Natan et al. (1996) criteria were used as the basis in this research.
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PGS was established for a patient who manifested epigastric fullness, nausea, and
vomiting in liquid diet or postconversion to a semi-liquid diet. Positive succussion splash
should be found in the stomach percussion at day 7 or 8 after stomach surgery. The daily vol-
ume of gastric juice should be over 800 mL and should be mixed with bile that was drained for
a prolonged period that lasted at least 8 to 10 days after reintubation was performed for gastro-
intestinal decompression. No postoperative medication that might interfere with the contrac-
tion of stomach smooth muscles should be taken. No obvious water/electrolytes disturbance or
acid/base imbalance should be observed. The patient should have no underlying diseases that
may cause gastroparesis, such as hypothyroidism and diabetes. No mechanical obstruction
should be present in the outflow tract of stomach and ALB < 3.5 g/dL.

The diagnosis criteria for chronic nephritis include the main clinical manifestations of
primary chronic nephritis, such as proteinuria, hypertension, edema, and hematuresis or cylin-
druria, as well as slow progression, prolonged course, varying severity, and with a duration of
at least one year (Maciel et al., 2004).

The diagnosis criteria for NS include a urine protein level > 3.5 g/dL, plasma albumin
content < 3.0 g/dL, edema, and hyperlipidemia.

Exclusion criteria

Patients with renal insufficiency, secondary glomerulopathy, diabetes, or diseases of
the heart, cerebral vessels, liver, and hemopoietic system were excluded from the three groups.

Laboratory analysis

An automated biochemical analyzer (AU640, Olympus Optical Co., Tokyo, Japan)
was used to determine total cholesterol, triglycerides, total bilirubin (TBIL), direct bilirubin,
and ALB. All assay kits were purchased from Randox Company (Crumlin, UK). The proce-
dures were strictly performed in accordance with the instructions. A 24-h urine protein quan-
titative assay was carried out using the biuret method. The sample was collected prior to renal
puncture. First, a qualitative assay was performed prior to spiking, and a five-time dilution was
made for a sample yielding results stronger than +++.

Statistical analysis
The Kruskal-Wallis rank sum test was performed for inter-group comparison on each
parameter, Bonferroni’s method for two-by-two comparisons, and the Pearson test for correla-

tion of TBIL with Upr and ALB. Statistical tests were performed using SPSS 11.0, with P <
0.05 regarded as significant.

RESULTS

Characteristics at baseline

No significant difference was observed in the population characteristics between NS
and PGS, and the characteristics seemed comparable with each other (Table 1).
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Levels of BTIL, Upr, and LB

The values of H and P in the CN group compared with the NS and PGS groups were
81.92 and 0.000 for TBIL, 120.49 and 0.000 for ALB, 148.12 and 0.000 for urinary microal-
bumin/creatinine (Umalb/cr), and 160.38 and 0.000 for Upr. The values of Z and P were 4.77
and 0.0001 for TBIL, 11.03 and 0.0001 for ALB, 2.88 and 0.013 for Umalb/cr, and 3.79 and
0.0005 for Upr in comparison between NS and CN, whereas the values were 4.61 and 0.0001
for TBIL, 0.01 and 1.000 for ALB, 11.22 and 0.0001 for Umalb/cr, 11.57 and 0.0001 for Upr
in comparison between PGS and CN (Table 2).

Table 2. Levels of TBIL, Upr, and ALB in each group.

Group ALB TBIL Upr/24 h Umalb/cr

NS 22.79+17.01 6.54+3.52 4.53+2.79 438.83 +305.22
CN 32.08 + 5.88* 9.14 £ 5.19%* 3.88 £4.61*%" 355.78 +300.47**
PGS 31.46 +3.25% 15.24 +7.87* 0.05 +0.02* 1.01 +0.59*

*P < 0.01, the NS group vs other groups; P < 0.05, the CN group vs the PGS group. ALB = albumin; TBIL = total
bilirubin; Upr = urine protein; Umalb/cr = urinary microalbumin/creatinine.

Analysis on correlation

The values of r and P in correlation to TBIL were 0.549 and 0.000 for ALB, -0.405 and
0.000 for Umalb/cr, and -0.448 and 0.000 for Upr in the NS group; -0.007 and 0.959 for ALB,
0.213 and 0.091 for Umalb/cr, and -0.082 and 0.519 for Upr in the PGS group; and 0.509 and 0.000
for ALB, -0.431 and 0.000 for Umalb/cr, and -0.362 and 0.002 for Upr in the CN group (Figure 1).
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Figure 1. Scatter diagram of the correlation between blood total bilirubin (TBIL) and albumin (ALB) in NS patients.

DISCUSSION

This research aimed to provide a theoretical basis for therapies against oxidative stress
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in NS patients and to discuss further the main reason for their low level of blood bilirubin
through a comparative analysis of its level between NS, chronic nephritis, and gastroparesis
groups. The control subjects were patients with PGS with hypoproteinemia, and correlation
analysis was performed on the blood bilirubin and albumin of these parameters in NS patients.

PGS is one of the sequelae of surgeries on the abdomen (Parkman, 2009). Sympa-
thetic activity-boosted postabdominal surgery may direct the stomach wall to release norepi-
nephrine or inhibitory substances, either of which may act directly upon the o or B receptor
on gastrointestinal smooth muscles to block the release of acetylcholine by parasympathetic
neurons, thereby inhibiting the myoelectric activity of the stomach and prolonging gastric
emptying (Livingston and Passaro, 1990).

The excision of the antrum and pylorus, the most active parts in the stomach, makes
coordinated movement involving antrum, pylorus, and duodenum impossible after subtotal
gastrectomy and weakens the functions of the gastric remnant (Lu, 1999). This condition leads
to malnutrition and hypoproteinemia.

Our results showed that bilirubin was not correlated with blood albumin. In the gas-
troparesis group, either the 24-h urine protein quantity or the analysis of trace urine protein
showed a negative finding, and no correlation was observed in blood bilirubin with either 24-h
urine protein qualitative assay or trace urine protein. In the NS and chronic nephritis groups,
however, bilirubin was positively correlated with blood ALB and negatively correlated with
Upr and trace urine protein. This result seemed consistent with those of previous reports (Fu-
kui et al., 2008), which suggests that the low level of bilirubin may be correlated with hypo-
proteinemia or loss of bilirubin through urine because of proteinuria.

Given the absence of significant differences in blood albumin between the chronic
nephritis group and gastroparesis group, a comparative analysis was carried out between these
two groups to determine if blood bilirubin was correlated with blood albumin. In the NS and
the chronic nephritis groups, however, blood bilirubin was correlated to either urine protein
quantity or trace urine protein, but not to blood albumin. This result suggests the main causal-
ity between the loss of bilirubin in the urine and its low level in blood in the NS group.

Metabolism disorder of blood lipids is one of the basic manifestations of NS. An in-
cidence beyond 70% of hyperlipidemia has been reported in NS patients by Appel (1991) and
Skrzep-Poloczek et al. (2001). Increased cell numbers in the glomerulus at week 4 has been
proven by a previous research in hypercholesterolemic rats, in contrast to the obviously de-
creased number at week 8 with increasing urine protein. This result suggests the importance of
lipids in causing glomerulus injuries (Hattori et al., 1998). The significantly greater infiltration
by inflammatory cells in kidney tubules and mesenchyme than in tubules, as shown by Eddy
(1998) in mice fed with high-cholesterol forage for 4 weeks, implies the presence of injury
in the tubular endoplasmic reticulum. The fibrosis in mesenchyme observed at week 8 in the
same study suggests the alteration in both tubules and the correlation of its mesenchyme with
kidney injuries caused by lipids.

Since the discovery of the antioxidant features of bilirubin, functions against oxida-
tive free radicals have been proven in all members of the bilirubin family (Mayer, 2000). Oli-
nescu et al. (1999) considered that the activating capability of hemoglobin may dramatically
decrease against oxidative stress in aged patients than in young ones, and this capability is
negatively correlated with bilirubin (Skrzep-Poloczek et al., 2001). In addition, oxygen-free
radicals that are systematically produced are also considered to aggravate the injuries to glo-
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merular capillary walls (Kinra et al., 2000).

Bilirubin is a potential, endogenous antioxidant because its activity against oxidation
is superior to those of vitamins C and E and carotene, as suggested by previous studies (Wu et
al., 1996; Thara et al., 2004). Bilirubin may improve cellular resistance against oxygen attack
and block the production of ox-LDL, which has an important function in the progression of
atherosclerotic plaque. By altering the morphology and structure of endothelial cells, ox-LDL
destroys the structure of the vascular endothelium, increases the expression of cell adhesion
molecules in large quantities, and allows monocytes to enter the subintimal layer, where they
differentiate into macrophages. These macrophages take up lipids by using their scavenger
receptors on their surface to form foam cells (Ujhelyi et al., 2006).

Bilirubin is a biological antioxidant and cellular protectant (Mayer, 2000). The asymme-
try of albumin on bilirubin drives the hydrogens on the C10 of bilirubin to transform into active
hydrogen atoms, which are easily combined with free radicals, such as superoxide anions, to elim-
inate oxygen-free radicals. The strong antioxidant effect of bilirubin, which can be realized by
the contact expansion of biliverdin reductase, contributes to 30% of all antioxidant capability in
the human body and has a function in protecting the cardiovascular system from oxidative stress.

All bilirubin in serum may efficiently eliminate oxygen-free radicals and prevent lipid
oxidation because of its strong antioxidant capability. This characteristic is an important pathologi-
cal basis for the formation of atherosclerotic plaque (Djoussé et al., 2001). Bilirubin may enhance
the activity of heme oxygenase, stimulate vascular endothelial cells to excrete a proper amount of
nitrogen monoxide, dilate blood vessels, block ox-LDL-induced chemotaxis and monocyte depos-
its, and arrest the growth of smooth muscle cells in the blood vessels between G1- and S-phases
(Basuroy et al., 2006). A research in a Korean population revealed a negative correlation between
the concentration of plasma bilirubin and the incidence of hypertension (Juncos et al., 2008).

A research has also shown that hemoglobin applied to a hypertension model induced
by deoxycorticosterone may lower blood pressure by upregulating HO-1, decreasing extracel-
lular matrix protein (Jadhav et al., 2008), alleviating pathological injury to the myocardium
and inhibiting ventricular remodeling. These authors also carried out an observation that lasted
3 months on the therapeutic effect of hemoglobin to reveal its continuous protection on myo-
cardium, which is anticipated to be helpful in clinical treatment (Ndisang and Jadhav, 2009).
After the injection of a free radical scavenger, a decrease in urine protein and an amelioration
of glomerulus damage caused by oxygen-free radicals were observed by Someya et al. (2005)
in animals with artificially induced minimal lesion nephrotic syndrome.

Bilirubin has important biological effects on lipid metabolism, elimination of free radi-
cals, alleviation of proteinuria, and protection of glomerulus cells. If the level of bilirubin, the
reducer, is elevated, the remission of NS may be improved, which provides a new method and
a new idea for the treatment of NS. Therefore, the elucidated causality of low level of bilirubin
in NS patients provides a theoretical basis for the feasibility of either a therapy involving a
blockade of the lowering of bilirubin or another with an improvement of its level to eliminate
free radicals in NS patients, inhibit the formation of ox-LDL, and protect their glomerular cells.

The potential reason for low bilirubin level in NS patients was explored in this re-
search through a comparative analysis of bilirubin in correlation to blood albumin and urine
protein between the gastroparesis and chronic nephritis groups. However, given the impossi-
bility of precisely determining the amount of urinary bilirubin because of the presence of mul-
tiple confounding factors in determining its level, further research is needed to validate this
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probable causality between low blood bilirubin and its loss in the urine in NS patients based on
a perfected procedure for determination, and approaches with which bilirubin concentration
can be increased to a proper level for NS patients should be explored.

In short, our findings suggest that the low level of bilirubin in NS patients positively
correlates with blood albumin and negatively correlates with either urine protein or urine trace
albumin. In addition, a comparative analysis between patients with gastroparesis syndrome
and those with chronic nephritis implied a probable causality between low level of bilirubin in
blood and its loss through the urine in NS patients, which provides a theoretical basis for the
feasibility of a therapy against oxidative stress in NS patients.
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