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ABSTRACT

Aim: This study aimed to compare dynamic thiol/disulfide homeostasis and myeloperoxidase (MPO) levels in patients with Gilbert’s
syndrome (GS) and healthy controls.

Background: Thiol/disulfide homeostasis and MPO levels are both associated with increased progression of atherosclerosis.
Methods: The study included a total of 130 voluntary participants comprising 65 patients with GS and 65 healthy controls. These
patients were selected randomly and dynamic thiol/disulfide homeostasis, MPO, complete blood count results, and biochemistry and
lipid parameters were evaluated. Patients with known chronic diseases, medication usage, and acute infections were excluded from
the study. Serum total thiol and native thiol levels were measured using the fully automated colorimetric method, while serum MPO
levels were measured using the sandwich ELISA method.

Results: We found that patients with GS had significantly higher total thiol (352.3+38.6 vs. 317.9+47.9, p<0.001) and native thiol
(386.6+42.6 vs. 348.0+51.1, p<0.001) and significantly lower disulfide (15.74+4.0 vs. 17.3+4.0, p=0.022) and MPO (130.7 vs. 166.3,
p=0.006). In patients with bilirubin of <1 mg/dL, total thiol and native thiol levels were lower and disulfide, disulfide/native thiol (DNT)
and disulfide/total thiol (DTT) ratios, and MPO levels were higher. Patients with bilirubin of <1 mg/dL also had higher total cholesterol.
Conclusion: In these patients with GS, the thiol/disulfide balance shifted towards thiols and proinflammatory MPO levels were lower.
When bilirubin was <1 mg/dL, disulfide, DNT and DTT ratios, and MPO were higher. Bilirubin levels affected all parameters of
thiol/disulfide homeostasis and MPO levels independently of other risk factors. In light of our results, we suggest that mild
hyperbilirubinemia in cases of GS has an anti-inflammatory and antioxidant effect and may be protective against atherosclerosis.
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Introduction

Gilbert’s syndrome (GS) is a condition that is
usually associated with mild hyperbilirubinemia while
other biochemical tests are normal. In individuals with
GS, UGT1AL activity, which is involved in bilirubin
conjugation, decreases to 10-35% of the normal range.
The literature suggests that bilirubin conjugation and
hepatocyte bilirubin uptake are impaired in GS. Studies
on patients with GS with elevated bilirubin have shown
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that the prevalence of atherosclerotic diseases such as
coronary artery disease, myocardial infarction, and
peripheral artery disease is lower than that of the
normal population. This finding is ascribed to the
antioxidant effect of bilirubin, which inhibits low-
density lipoprotein (LDL) oxidation, neutralizes
oxygen radicals, and reduces oxidative stress. Studies
have shown that bilirubin has a more prominent
protective effect on ventricular monocytes than either
vitamin C or vitamin E and is directly related to total
antioxidant capacity (1-7).

Atherosclerosis is a progressive, chronic, and
potential fatal disease characterized by fatty fibrous
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plaques and chronic inflammation in large and
medium-sized arteries (8).

Myeloperoxidase (MPQO) is an enzyme that
generates strongly reactive oxygen radicals. MPO
increases the synthesis of proinflammatory cytokines
interleukin-6 and interleukin-8 from the vascular
endothelium and inhibits nitric  oxide-mediated
vasodilation. It also increases macrophage activation
via LDL oxidation and thus triggers plague formation
and endothelial dysfunction in the atherosclerotic
endothelium (9-12).

Thiols are an important part of the antioxidant
system. They reduce, neutralize, and react reversibly
with oxidants to form disulfide (R-S-S-R) bonds. These
disulfides can later react with hydrogen to produce native
thiols. Those reactions form the basis of the active and
reversible thiol/disulfide homeostasis that provides
protection against oxidative stress (13, 14).

We propose that mild hyperbilirubinemia may serve to
shift the thiol/disulfide equilibrium towards thiol and that
MPO, which is involved in the generation of oxygen
radicals and the pathogenesis of atherosclerosis, may be
reduced in cases of GS. Accordingly, we aimed to
investigate thiol/disulfide homeostasis and MPO in GS
and their determinants and to compare our results with
those of a healthy population. Our study is the first in the
literature to investigate thiol/disulfide homeostasis and
MPO levels in cases of GS and their associations with
hyperbilirubinemia. Previous studies have not established
a clear relationship among hyperbilirubinemia,
thiol/disulfide homeostasis, and MPO.

Methods

Study design
This study was conducted between March 2019 and

June 2019 in the Ankara Numune Training and
Research Hospital Internal Medicine Clinic.

The study included patients diagnosed with GS
(ICD code EB80.4) who presented to the Internal
Medicine, Gastroenterology, and Family Medicine
Outpatient Clinics of XXX for follow-up. A total of 65
patients and 65 healthy volunteers, aged 18-65 years,
were enrolled. All participants signed informed
voluntary consent forms.

The exclusion criteria were as follows for each
group: comorbidities (anemia, hypertension, diabetes
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mellitus, acute/chronic kidney failure, liver failure,
congestive heart failure, coronary artery disease,
arrhythmia,  cerebrovascular  disease,  chronic
obstructive pulmonary disease, asthma, thyroid disease,
cancer, autoimmune hemolytic diseases), the use of
medication (acetylsalicylic acid, nonsteroidal anti-
inflammatory drugs, warfarin, low-molecular-weight
heparin, new-generation anticoagulants), smoking, and
the use of vitamin supplements. We selected and
enrolled individuals in the healthy control group
randomly. Sample size calculations were performed
using G*Power 3.1.9.6 for macOS.

The study was granted ethical approval by the
relevant local ethics committee (date: 07.03.2019,
number: 2585/2019).

Biochemical parameters
Serum samples were collected from all participants.

Serum albumin, alkaline phosphatase (ALP), total
bilirubin, and direct bilirubin levels were measured by
colorimetry; alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) were measured
enzymatically; gamma-glutamyl transferase (GGT), total
cholesterol, triglyceride, and uric acid were measured
using the enzymatic colorimetric method; and high-
density lipoprotein (HDL) cholesterol was measured
using the homogeneous enzymatic colorimetric method
with an autoanalyzer (Cobas 8000 c¢702, Roche
Diagnostics GmbH, Mannheim, Germany). C-reactive
protein  (CRP) levels were measured via
immunoturbidimetry with an autoanalyzer (Cobas 8000
€702, Roche Diagnostics GmbH, Mannheim, Germany).
LDL values were calculated using the equation
suggested by Friedewald et al. Hematological tests were
performed using the Sysmex XN-1000 device (Sysmex
Corporation, Kabe, Japan).
Dynamic thiol/disulfide parameters
Serum total thiol and native thiol levels were
measured using the fully automated colorimetric
method developed by Erel et al. (13). First, the dynamic
disulfide bonds in the samples were reduced to
functional thiol by adding NaBH4. Subsequently, total
and native thiol levels were measured by 5,5'-dithiobis-
(2-nitrobenzoic) acid (DTNB) reduction. The
difference between total and native thiol was divided
by two to obtain the amount of disulfide bonds in each
sample. For this test, the range of detection is 2.8-400
pmol/L. %CV values are 4%, 5%, and 13% for
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272 Oxidant status in Gilbert’s Syndrome

concentrations of 29.1, 16.0, and 7.15 pmol/L,
respectively.
Myeloperoxidase measurement

Serum MPO levels were measured using the
sandwich ELISA method with a commercial
SinoGeneClon kit (SinoGeneClon Biotech Co., Ltd.,
Hangzhou, China; Ref. No. SG10664, Lot 201902). The
sensitivity of this method is 0.5 pg/mL and intra- and
inter-study CV values are <8% and <10%, respectively.
Statistical analysis

Data were analyzed using IBM SPSS Statistics 20
for Windows (IBM Corp., Armonk, NY, USA). The
normal distribution of the data was confirmed with the
Kolmogorov-Smirnov  test. Normally distributed
numerical variables (age, white blood cells, neutrophils,
hemoglobin, platelets, total cholesterol, HDL, LDL,
albumin, lactate dehydrogenase, uric acid, native thiol,
total thiol, and disulfide) were presented as mean *
standard deviation and non-normally distributed
numerical variables (total/direct/indirect bilirubin,
monocytes, triglycerides, ALT, AST, GGT, ALP, CRP,
and sedimentation) were presented as median
(minimum-maximum). Categorical variables were
presented as numbers and percentages and were
compared using chi-square and Fisher exact tests. The
Student t-test was used for the pairwise comparison of
normally distributed numerical variables and the Mann-
Whitney U test was used for the pairwise comparison
of non-normally distributed numerical variables.
Analysis of variance (ANOVA) with post hoc
Bonferroni correction was used to compare numerical
variables with normal distribution, and the Kruskal-
Wallis H test with post hoc Dunn correction was used
to compare numerical variables with non-normal
distribution between more than two groups. The

Table 1. Demographic characteristics

correlations  between numerical variables were
evaluated using Pearson or Spearman correlation
analyses depending on the distribution of the relevant
data. Robust regression analysis was performed to
identify independent determinants of native thiol, total
thiol, disulfide, and MPO levels. Values of p<0.05 (*)
were accepted as statistically significant.

Results

Participants’ demographic data

This study included a total of 130 participants: 65
patients with GS and 65 healthy control subjects. The
mean age of all participants was 27.3+10.2 (range: 18-
60) years. Table 1 presents the detailed demographic
characteristics of the study population. There was no
significant difference in the ages of the participants in
the GS and control groups. There were also no
significant difference between sexes or age groups
according to bilirubin levels (Table 2).

Among laboratory parameters, GS patients had
significantly higher mean hemoglobin (15.4+1.5 vs.
14.8+1.8 g/dL, p=0.024), median total bilirubin (1.9 vs.
0.5 mg/dL, p<0.001), median direct bilirubin (0.5 vs. 0.2
mg/dL, p<0.001), and median indirect bilirubin (1.4 vs.
0.3 mg/dL, p<0.001), while they had significantly lower
mean total cholesterol (149.2+32.9 vs. 161.3+35.6
mg/dL, p=0.046) and mean lactate dehydrogenase
(178.1+33.0 vs. 188.0+23.6 mg/dL, p=0.048).

Bilirubin levels were <1 mg/dL in 93.8% (n=61) of
the control group, while they were 1-2 mg/dL in 53.8%
(n=35) and >2 mg/dL in 44.6% (n=29) of the patients
with GS (Table 3).

Compared to the control group, GS patients had
significantly higher mean total thiol levels (352.3+38.6
vs. 317.9+47.9 umol/L, p<0.001) and mean native thiol

Variables Overall Gilbert’s syndrome Control group p
n=130 n=65

Age (years) 27.31£10.2 26.5+£10.5 28.04£9.9 0.416
<20, n (%) 54 (41.5) 28 (43.1) 26 (40.0) 0.779
20-40, n (%) 59 (45.4) 30 (46.2) 29 (44.6)
>40, n (%) 17 (13.1) 7 (10.8) 10 (15.4)

Sex, n (%)
Female 35 (26.9) 12 (18.5) 23 (35.4)
Male 95 (73.1) 53 (81.5) 42 (64.6) 0.047*

Normally distributed numerical data are presented as means + standard deviations. Categorical variables are presented as

numbers (%). *: p<0.05, statistically significant.
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Table 2. Demographic characteristics and bilirubin levels
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Variables Bilirubin levels (mg/dL) p
<1 1-2 >2
n=62 n=39 n=29
Age, years 27.619.6 27.7+11.5 26+9.7 0.767
<20, n (%) 26 (41.9) 17 (43.6) 11 (37.9) 0.929
20-40, n (%) 28 (45.2) 16 (41.0) 15 (51.7)
>40, n (%) 8 (12.9) 6 (15.4) 3(10.3)
Sex, n (%)
Female 20 (32.3) 12 (30.8) 3(10.3) 0,071
Male 42 (67.7) 27 (69.2) 26 (89.7)

Normally distributed numerical data are presented as means * standard deviations. Categorical variables are presented as

numbers (%).*: p<0.05, statistically significant.

Table 3. Distribution of laboratory findings

Variables Overall Gilbert’s syndrome  Control group p
n=130 n=65 n=65

White blood cells (3900-10200 L) 7204.6+£1647 7252.3+1665 7156.9+1640.3 0.743
Neutrophils (1500-7700 pL) 4142.3+1364 4160+1357.7 4124.6+1380.6 0.883
Monocytes (100-900 pL) 500 (100-1800) 500 (100-1800) 500 (200-900) 0.774
Hemoglobin (13.5-17.2 g/dL) 15.1+1.7 15.4+1.5 14.8+1.8 0.024*
Platelets (150000-400000 pL) 256976.9+57404.4 253800+58634.8 260153.8+56422.3  0.530
Total cholesterol (<200 mg/dL) 155.3+34.7 149.2+32.9 161.3+35.6 0.046*
HDL (>40 mg/dL) 49.6+£11.3 49.6+£11.3 49.5+11.4 0.975
LDL (<100 mg/dL) 83.6+28.3 79+28.3 88.1+27.8 0.067
Triglycerides (<150 mg/dL) 93 (35-518) 91 (35-332) 101 (37-518) 0.216
Albumin (g/dL) 4.9+0.5 5.0+0.4 4.9+0.5 0.161
ALT (<50 U/L) 15 (5-89) 15 (6-57) 15 (5-89) 0.801
AST (<35 U/L) 17 (9-56) 16 (9-56) 17 (11-42) 0.938
GGT (<73 U/L) 16 (6-169) 16 (6-169) 16 (6-47) 0.814
Lactate dehydrogenase (120-246 U/L)  183.0+29.0 178.1+£33.0 188.0+23.6 0.048*
ALP (56-119 U/L) 70.5 (11-160) 72 (11-160) 70 (36-139) 0.751
Sedimentation (0-20 mm/h) 2 (2-37) 2 (2-37) 2 (2-33) 0.111
CRP (0-5 mg/L) 1(0.3-22) 1(0.3-22) 1(0.3-9) 0.831
Uric acid (3.7- 9.2 mg/dL) 4.2+1.2 4.1+£1.3 4.2+1.2 0.510
Bilirubin (mg/dL)

Total (0.3-1.2 mg/dL) 1.1(0.1-6.1) 1.9(0.7-6.1) 0.5(0.1-1.1) <0.001*

Direct (<0.3 mg/dL) 0.3(0.1-3.5) 0.5 (0.2-3.5) 0.2 (0.1-0.4) <0.001*

Indirect (<0.9 mg/dL) 0.8 (0-3.1) 1.4 (0.5-3.1) 0.3 (0-0.8) <0.001*
Bilirubin, n (%)

<1 (mg/dL) 62 (47.7) 1(1.5) 61 (93.8) <0.001*

1-2 (mg/dL) 39 (30.0) 35 (53.8) 4 (6.2)

>2 (mg/dL) 29 (22.3) 29 (44.6) -

Normally distributed numerical data are presented as means + standard deviations. Non-normally distributed numerical data are presented as
medians (minimum-maximum ranges). Categorical variables are presented as numbers (%). *: p<0.05, statistically significant.

levels (386.6+42.6 vs. 348.0+51.1 pmol/L, p<0.001),
while they had significantly lower mean disulfide levels
(15.744.0 vs. 17.3+4.0 pmol/L, p=0.022), mean
disulfide/native thiol (DNT) ratios (4.5£1.0% vs.
5.6+1.6%, p<0.001), mean disulfide/total thiol (DTT)
ratios (4.1+0.9% vs. 5.1+1.4%, p<0.001), and median
MPO levels (130.7 vs. 166.3 ng/mL, p=0.006) (Table 4).

In the GS group, native thiol and total thiol levels
were negatively correlated with age (r=-0.334, p=0.007
and r=-0.393, p=0.001, respectively), total cholesterol
(r=-0.265, p=0.049 and r=-0.268, p=0.031, respectively),
LDL (r=-0.278, p=0.025 and r=-0.292, p=0.018,
respectively), and sedimentation (r=-0.258, p=0.048 and
r=-0.250, p=0.044, respectively), while they were
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Table 4. Distribution of oxidative stress parameters

Variables Overall Gilbert’s syndrome Control group p

n=130 n=65 n=65
Native thiol (umol/L) 335.1+46.6 352.3+38.6 317.9+47.9 <0.001*
Total thiol (umol/L) 367.3+50.7 386.6+42.6 348.0451.1 <0.001*
Disulfide (umol/L) 16.5+4.0 15.7+4.0 17.3+4.0 0.022*
NTT, % 91.1+4.0 91.0+2.0 91.2+6.0 0.676
DNT, % 4.6+1.3 4.5+1.0 5.6+1.6 <0.001*
DTT, % 5.0+1.5 4.1+0.9 5.1+1.4 <0.001*

Myeloperoxidase ng/mL

142.6 (59.5-585.3)

130.7 (59.5-336.1)

166.3 (82.1-585.3) 0.006*

Normally distributed numerical data are presented as means * standard deviations. Non-normally distributed numerical data are
presented as medians (minimum-maximum ranges). *: p<0.05, statistically significant.

Table 5. Independent determinants of oxidative stress

Variables B£SE 95% ClI p
Lower limit Upper limit

Native thiol

Total bilirubin 11.6+3.7 4.4 18.8 0.002*

Albumin 20.7+8.1 4.6 36.9 0.012*

LDL -0.4540.13 -0.71 -0.19 0.001*
R2=0.228, p<0.001*

Total thiol

Total bilirubin 12.5+3.9 4.7 20.2 0.002*

Albumin 29.7+8.7 124 46.9 0.001*

LDL -0.46+0.14 -0.74 -0.19 0.001*
R?=0.275, p<0.001*

Disulfide

Age -0.11+0.04 -0.18 -0.04 0.002*

Sex 1.9+0.8 0.32 3.54 0.019*

Total bilirubin -0.9540.3 -1.59 -0.31 0.004*
R?=0.291, p<0.001*

Myeloperoxidase

Age 1.9+0.9 0.11 3.72 0.048*

Albumin -36.6+18.4 -72.99 -0.31 0.043*

Total bilirubin -25.748.4 -42.3 -9.2 0.003*

R?=0.250, p<0.001*

*: p<0.05, statistically significant. Abbreviations: B, regression coefficient; SE, standard error; CI, confidence interval.

positively correlated with hemoglobin (r=0.299, p=0.016
and r=0.336, p=0.006, respectively) and albumin
(r=0.455, p<0.001 and r=0.503, p<0.001, respectively).
The disulfide levels of the GS patients were not
significantly correlated with demographic
characteristics or laboratory results, but their MPO
levels correlated with age (r=0.334, p=0.007).
Independent determinants of oxidative stress were
investigated via retrospective multivariate regression
analysis. The results are presented in Table 5.
Independently of other risk factors, a 1-unit increase in
total bilirubin, albumin, or LDL resulted in an 11.6-fold
increase, a 20.7-fold increase, or a 0.45-fold decrease in
native thiol levels, respectively. Independently of other
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risk factors, a 1-unit increase in total bilirubin, albumin,
or LDL resulted in a 12.5-fold increase, a 29.7-fold
increase, or a 0.46-fold decrease in total thiol,
respectively. Independently of other risk factors, a 1-
unit increase in total bilirubin, a 1-year increase in age,
or being male resulted in a 0.95-fold decrease, a 0.11-
fold decrease, or a 1.9-fold increase in disulfide levels,
respectively. Independently of other risk factors, a 1-
year increase in age, a 1-unit increase in albumin, or a
1-unit increase in total bilirubin resulted in a 1.9-fold
increase, a 36.6-fold decrease, or a 25.7-fold decrease
in MPO, respectively.

Total cholesterol was significantly higher for
patients with a bilirubin level of <1 mg/dL but not
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Table 6. Distribution of oxidative stress parameters according to bilirubin levels

Variables Bilirubin level (mg/dL) p

<1 1-2 >2

n=62 n=39 n=29
Native thiol (umol/L) 315.7+47.3 348.7+£39.8 358.2+36.6 <0.001*
Total thiol (umol/L) 345.9+50.8 383.1+44.5 391.8+39.7 <0.001*
Disulfide (umol/L) 17.5+4.1 15.5+3.9 15.8+3.9 0.026*
NTT, % 91.4+0.6 91.1+0.2 91.4+1.6 0.922
DNT, % 5.7+1.6 4.5+1.0 4.4+1.0 <0.001*
DTT, % 5.2+1.4 4.1+1.0 4.0+0.9 <0.001*

Myeloperoxidase (ng/mL) 167.7 (82.1-585.3)

130.7 (62.7-423.7)

127.8 (59.5-275) 0.003*

Normally distributed numerical data are presented as means + standard deviations. Non-normally distributed numerical data are
presented as medians (minimum-maximum ranges). Values given in bold indicate significant intergroup differences. *: p<0.05,

statistically significant.

significantly different between patients with bilirubin
levels of 1-2 mg/dL and >2 mg/dL (162.7£35.6 vs.
148.34£32.2 vs. 143.4+32.9, respectively; p=0.037).

Patients with a bilirubin level of <1 mg/dL had
significantly lower mean native thiol (315.7+47.3 vs.
348.7+39.8 vs. 358.2+36.6 pumol/L, respectively;
p<0.001) and mean total thiol (345.9+50.8 vs.
383.1+44.5 vs. 391.8+39.7 umol/L, respectively;
p<0.001) and significantly higher mean disulfide
(17.5+4.1 vs. 155439 vs. 15.843.9 pumol/L,
respectively; p<0.001), mean DNT ratio (5.7£1.6 vs.
4.5+1.0 vs. 4.4+£1.0 umol/L, respectively; p<0.001),
mean DTT ratio (5.2+1.4 vs. 4.1+1.0 vs. 4.0£1.0
pmol/L, respectively; p<0.001), and median MPO
(167.7 vs. 130.7 vs. 127.8 ng/mL; p=0.003) compared
to patients with bilirubin levels of 1-2 mg/dL and >2
mg/dL. Oxidative stress parameters did not differ
significantly between patients with bilirubin levels of 1-
2 mg/dL and >2 mg/dL (Table 6).

Laboratory findings and oxidative stress parameters
were not significantly different between GS patients
with bilirubin levels above and below 2 mg/dL.

GS patients aged >40 years had significantly lower
mean native thiol (361.3+38 vs. 355.1+38.3 vs.
325.3+32.0 umol/L, respectively; p=0.048), significantly
lower mean total thiol (400.6+£40.1 vs. 381.3+42.4 vs.
353.6+33.0 pmol/L, respectively; p=0.019), and
significantly higher median MPO (107 vs. 116.8 vs.
179.1 ng/mL, respectively; p=0.045). Other oxidative
stress parameters were not significantly different
between different age groups. Mean native thiol
(328+34.2 vs. 357.7+37.6 pumol/L, p=0.015) and mean
total thiol (355.7+37.3 vs. 393.6+40.8 umol/L, p=0.005)

were significantly lower among female versus male GS
patients. Mean disulfide and median MPO levels were
not significantly different between the sexes.

Discussion

In our study, for all participants (65 GS patients and
65 control subjects), total thiol, native thiol, and disulfide
levels were negatively correlated with age. Droge
reported that aging shifted the thiol/disulfide homeostasis
towards oxidation and was correlated with a decrease in
the intracellular thiol pool and, consequently, with
disordered cellular function (15). Ates et al. reported a
negative correlation between total thiol and age (16). In
our sub-analysis of patients with GS, we also found age
to be negatively correlated with total thiol and native
thiol levels, but not with disulfide levels.

Son et al. demonstrated that MPO levels increased
with age, which may be associated with increased
inflammatory cells and protein oxidation in aging (17).
In our study, we found that MPO increased with age for
all control subjects and in the GS group.

Bulmer et al. reported that GS patients had
increased plasma antioxidants, erythrocyte antioxidant
enzymes, and circulating antioxidant capacity (18).
Copur et al. similarly found increased total antioxidant
status in patients diagnosed with GS (19). Vitek et al.
reported reduced ischemic heart disease in GS patients
(5). Zhang et al. found MPO levels to be higher in
patients with coronary artery disease than in the control
group and concluded that elevated MPO may be a risk
factor for coronary artery disease (20).

In our study, bilirubin and hemoglobin were higher
and total cholesterol and lactate dehydrogenase were
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lower in the GS group compared to the control group.
Furthermore, mean total thiol and mean native thiol
were higher while mean disulfide, DNT ratio, DTT
ratio, and median MPO were lower in GS patients than
controls. These results are consistent with the
protective effect of hyperbilirubinemia and the findings
reported in previous studies. Reduced levels of MPO as
a pro-inflammatory and atherogenic mediator and the
shift in dynamic thiol/disulfide homeostasis towards
thiols in the GS group suggest that GS patients are
more resistant to oxidative stress and atherosclerosis
due to the protective effect of bilirubin.

Simsek et al. argued that a shift in thiol/disulfide
homeostasis towards disulfide in patients with familial
hypercholesterolemia is an important step in the
progression to atherosclerosis, and they found a
negative correlation between total and native thiol and
total cholesterol, LDL, and triglyceride levels (21). In
our study, native and total thiol were negatively
correlated with total cholesterol, LDL, and
sedimentation rate and positively correlated with
albumin and hemoglobin in the GS group.

We found that, independently of other risk factors, a
1-unit increase in total bilirubin, albumin, or LDL
resulted in an 11.6-fold increase, a 20.7-fold increase,
or a 0.45-fold decrease in native thiol levels,
respectively. Moreover, we established total bilirubin,
albumin, and LDL as independent determinants of total
thiol. Independently of other risk factors, a 1-unit
increase in total bilirubin, aloumin, or LDL resulted in
a 12.5-fold increase, a 29.7-fold increase, or a 0.46-fold
decrease in total thiol, respectively.

In light of our results, we suggest that bilirubin, an
antioxidant, shifts the thiol/disulfide homeostasis
towards thiol. We ascribe the positive correlation
between thiol compounds and albumin to the fact that
albumin thiols constitute the majority of the thiol pool.
Our finding that LDL, a prominent factor in the
pathogenesis  of  atherosclerosis, shifted the
thiol/disulfide homeostasis towards disulfide is
consistent with the results reported by Simsek et al.
(21).

We further suggest that the negative correlations
between bilirubin and disulfide and MPO are important
due to demonstrating bilirubin’s antioxidant potential.
Choi et al. found that reduced bilirubin was associated
with higher age, triglycerides, and CRP, while higher

Gastroenterol Hepatol Bed Bench 2024;17(3):270-278

bilirubin was associated with higher HDL, GGT, uric
acid, hemoglobin, and albumin (22).

In our study, we divided patients into 3 groups
according to total bilirubin levels of <1 mg/dL, 1-2
mg/dL, and >2 mg/dL. These three groups were similar
in terms of age and sex. This may be due to the relatively
young and small study population. In patients with
bilirubin of <1 mg/dL, we found significantly higher
total cholesterol and insignificantly higher LDL and
triglyceride levels. Lactate dehydrogenase levels were
reduced in patients with bilirubin of 1-2 mg/dL.
Moreover, we found that hemoglobin was significantly
higher in the GS group than in the control group
(15.4£1.5 vs. 14.8+1.8 g/L, p=0.024). Similarly, Choi et
al. demonstrated that hemoglobin had the strongest
influence on total bilirubin levels (22). Among oxidative
stress parameters, patients with bilirubin of <1 mg/dL
had significantly lower total thiol and native thiol and
higher disulfide, DNT ratios, DTT ratios, and MPO.

We also divided the GS patients into two groups
using a bilirubin level of 2 mg/dL as the cut-off and did
not find a significant difference in demographic,
laboratory, or oxidative stress parameters. In their study
of 124 infants, Topal et al. compared two groups with
mean total bilirubin levels of 15.93+4.28 mg/dL and
8.21+2.41 mg/dL and found that bilirubin was
negatively correlated with total and native thiol, while
it was positively correlated with disulfide and bilirubin.
They concluded that elevated bilirubin shifted the
dynamic thiol/disulfide homeostasis towards disulfide,
thus leading to oxidative stress in infants (23). In
contrast, we found that mild hyperbilirubinemia shifted
the thiol/disulfide homeostasis towards thiol. This is
further supported by our finding that patients with
bilirubin of <1 mg/dL had elevated disulfide, DNT
ratios, and DTT ratios and reduced MPO. These
findings suggest that only mild hyperbilirubinemia may
be protective against oxidative stress (24).

In this study, we investigated dynamic thiol/disulfide
homeostasis and MPO levels and their determinants in
65 healthy individuals and 65 patients with GS. The
limitations of our study include its relatively small
sample size (n=130). The imbalanced distribution of
sexes between the groups is also one of the limitations of
the study. However, to the best of our knowledge, this
study is the first to investigate dynamic thiol/disulfide
homeostasis and MPO levels in cases of GS with mild



hyperbilirubinemia. We consider this to be key in terms
of the contributions of our study to the literature.

Conclusion

We conclude that GS patients have elevated total
thiol and native thiol and reduced disulfide, DNT and
DTT ratios, and MPO compared to healthy individuals.
Bilirubin levels were found to affect all parameters of
thiol/disulfide  homeostasis and MPO levels
independently of other risk factors. In light of our
findings concerning dynamic thiol/disulfide
homeostasis and MPO, mild hyperbilirubinemia may be
associated with lower risk for oxidative stress and
atherosclerosis.
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