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ABSTRACT

OBJECTIVES: The aim of the study was to determine dynamic thiol-disulphide homeostasis in patients with
ulcerative colitis, compare it with those of healthy control and to investigate the relationship between the sever-
ity of the disease and homeostasis

METHODS: A total of 78 patients and 58 healthy subjects were included in the study. Serum native thiol, total
thiol and disulphide amounts were measured by using a novel automated method. Obtained results were com-
pared and relationships were determined by correlation analysis.

RESULTS: Serum native thiol, total thiol, disulphide amounts and disulphide/native thiol percent ratio (index)
were significantly lower (p = 0.003 for index ratio and p < 0.001 for other parameters) in patients with ulcera-
tive colitis than in healthy controls. Native thiol, total thiol and disulphide amounts were significantly higher (p
< 0.001) in patients with ulcerative colitis in remission than in patients with active ulcerative colitis and near to
those of healthy control. There were significant negative correlations between the severity of the disease and
thiol-disulphide homeostasis parameters (r = —0.55, p < 0.001 for native thiol; r = —0.64, p < 0.0001 for total
thiol; r = —0.65, p < 0.001 for disulphide and r = —0.33, p = 0.011 for index).

CONCLUSION: The thiol-disulphide homeostasis was weakened in ulcerative colitis. Strong correlations be-
tween the activity of the disease and thiol-disulfide homeostasis indicate that homeostasis may play a role in

the pathogenesis of the disease (Tab. 3, Fig. 3, Ref. 30). Text in PDF www.elis.sk.
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Abbreviations: SD — Standard deviation, IBD — Inflammatory
bowel disease, TGF-B1 — Transforming Growth Factor-Beta 1,
IL-10 — Interleukin 10, TDH — Thiol-disulphide homeostasis,
BMI — Body mass index, [SH] — Native thiol, [SH]+[SS] — Total
thiol, [SS] — Disulphide, Index — Disulphide/native thiol percent
ratio, [SS]/[SH] %), CRP — C-reactive protein, ESR — Erythrocyte
sedimentation rate, GSH — Glutathione.

Introduction

Inflammatory bowel disease (IBD) appearing as acute or sub-
acute inflammation in the small intestine and colon, is characterized
by remissions and exacerbations. Ulcerative colitis is a subgroup
of IBD. Although many hypotheses are currently available, the
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etiology of ulcerative colitis is not clear. It has been considered
that genetic, infectious, immunological and environmental factors
take part in the pathogenesis. However, it has also been suggested
that ulcerative colitis may emerge as a consequence of an inap-
propriate inflammatory response to intestinal microorganisms in
genetically predisposed individuals (1).

Thiols are organic compounds that possess a carbon-bonded
sulfthydryl group. The antioxidants containing thiol groups such
as glutathione, cysteine and n-acetylcysteine are known as anti-
inflammatory molecules against reactive oxygen species generat-
ing in inflammation (2, (3, (4). Thiols groups can form reversible
disulphide bridges by the effect of oxidants in plasma (5). The
formed disulphide bridges can be reduced to thiol groups again
via the antioxidant systems in the organism. Thus, dynamic thiol-
disulphide homeostasis (TDH) is maintained (6). TDH system
has essential and significant functions in cellular mechanisms like
antioxidant defence, inflammation, regulation of enzyme activities,
proliferation and immunity (7, (8). The TDH system measured ac-
cording to novel method shows that the balance is shifted to thiol
formation or disulphide formation, but in some cases, the balance
is weakened. Altered TDH values have been observed in various
diseases such as cancer, myocardial infarction, hypertension, dia-
betes mellitus, preeclampsia, and hyperemesis (9, (10, (11, (12,
(13, (14). TDH balance has shifted to form disulphide in some
diseases such as familial Mediterranean fever (15), celiac disease
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(16) and febrile seizures (17), on the other hand, the balance has
turned to form thiol in basal cell carcinoma (18). Beside this, in
case of uterine myoma, THD balance has been broken down (19).

The aim of the study was to analyse the TDH profile tests in
patients with ulcerative colitis and to determine the relationship
between the thiol-disulphide levels and clinical parameters and
scores. To the best of our knowledge, this is the first study evalu-
ating TDH system in the disease.

Materials and methods

Fifty-eight healthy controls (37 male; 21female), 20 patients
with ulcerative colitis in remission (11 male; 9 female) and 58
patients with active ulcerative colitis (38 male; 20 female) were
included in this study. Among patients with active ulcerative coli-
tis, there were10 with mild activity, 22 with moderate activity, and
26 with severe activity.

The difference between active period and remission of ulcer-
ative colitis was determined according to the clinical score, endo-
scopic score, and laboratory findings.

Active ulcerative colitis was classified as mild (1), moderate (2)
and severe (3) according to Truelove Witts clinical activity index
and Rachmilewitz endoscopic activity index (20, (21, (22). Exclu-
sion criteria for the present study were determined as abdominal
abscess, liver disease, chronic renal failure, pregnancy, acute vi-
ral or bacterial infection, cancer, hypertension diabetes mellitus,
anti-inflammatory and vitamin medications, and active smoking.
The study protocol was approved by the local ethics committee
and written informed consents were received from all subjects in-
volved in the study. Venous blood samples were collected from the
subjects and centrifuged at 1500 % g for 10 min. Serum samples
were separated and stored at —80 °C until analysis.

Serum native thiol ([SH]) and total thiol ([SH] + [SS]) levels
were measured directly with a recently developed and automatic
measurement method by using an automated clinical chemistry
analyzer (Roche, Cobas 501, Mannheim, Germany). Disulphide
([SS]) amount and the index ([SS]/[SH] %) results were calculated
as follows; Disulphide= ([total thiol-native thiol]/2) and index=
disulphide/native thiol % ratio.

Tab.1. Demographic characteristics and thiol-disulphide homeostasis
values of healthy group and ulcerative colitis groups.

Healthy group Ulcerative colitis
Variable mean+SD mean+SD P
(n=58) (n=78)

Native Thiol [SH] 345.00+55.58 304.71£50.14  <0.001*
Total Thiol [SH+SS] 391.89+56.82 340.85£56.25  <0.001*
Disulphide [SS] 23.44+5.45 18.07+£5.74 <0.001*
Index** [SS]/ [SH] 6.99+2.07 5.95+1.70 0.003*
Age (years) 48.00+15.25 44.29+12.94 NS
Male (n/%) 37 (43) 21 (42) NS
Female (n/%) 49 (57) 29 (58) NS
BMI (kg m?) 25.26+2.28 26.49+4.86 NS

*Indicates a significant statistical difference with p< 0.05; **Index: Disulphide/
Native thiol percent ratio, %; All values are given in pmol/L units (without index
parameter)i; BMI: Body Mass Index

Hematocritandhemoglobin were measured from samples collect-
edin K2 EDTA tubes using an automatic analyzer (Sysmex XE-2100,
USA) within five minutes of sampling. CRP (Siemens BN II System,
Germany), ESR (Therma NE, Spain) and albumin (Roche Cobas
8000, Mannheim, Germany) were measured using commercial kits.

The data were evaluated using visual (histograms, probabil-
ity plots) and statistical methods (Kolmogorov—Smirnov test and
Shapiro-Wilktest) to determine whether the data were normally
distributed. Descriptive analyses were presented using mean and
standard deviation (mean + SD) for the normally distributed vari-
ables. As the data were normally distributed, independent sample
t-tests and one-way ANOVA were conducted to compare the pa-
rameters among groups. Correlation analyses were managed using
Pearson’s correlation. An overall 5% type 1 error was used to infer
statistical significance. Statistical analyses were performed using
the SPSS software version 20 (SPSS Inc. Chicago, IL, USA). Fig-
ures were generated using GraphPad Prism (Version 6.0; GraphPad
Software Inc., La Jolla California USA).

Results

Demographic characteristics and TDH values of the healthy
and ulcerative colitis groups are shown in Table 1. Gender (p =
0.467), body mass index (BMI) (p = 0.172), and age (p = 0.128)
of the healthy and ulcerative colitis groups were not different
significantly.
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Fig. 1. Thiol-disulphide homeostasis in healthy control and ulcerative
colitis. a) Serum disulphide values (x+ ¢M) in healthy control and
ulcerative colitis, b) Serum index values (X £+ 6M) in healthy control
and ulcerative colitis.
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Tab. 2. Thiol-disulphide homeostasis values of the healthy group, ulcerative colitis-remission group and ulcerative colitis-active group.

Healthy group(1) Ulcerative colitis Ulcerative colitis
Variable remission group (2) active group (3) ANOVA Comparison Post hoc
mean+SD mean+SD mean+SD Group p-value
(n: 58) (n: 20) (n: 58)

1vs2 0.945
Native Thiol [SH] 345.00+£55.58 340.85+44.00 292.254+46.40 <0.001* 1vs3 <0.001*
2vs3 <0.001*

1vs2 0.889
Total Thiol [SH+SS] 391.89+56.82 385.54+49.41 325.44+50.18 <0.001* 1vs3 <0.001*
2vs3 <0.001*

1vs2 0.704
Disulphide [SS] 23.44+5.45 22.34+5.99 16.59+4.89 <0.001* 1vs3 <0.001*
2vs3 <0.001*

1vs2 0.668
Index** [SS]/[SH] 6.99+2.07 6.57+1.72 5.74+1.66 0.002* 1vs3 <0.001*
2vs3 0.197

1vs2 0.022*
Hemoglobin 14.64+1.81 13.38+1.56 11.97+1.87 <0.001* 1vs3 <0.001*
2vs3 0.075

1vs2 0.108
Hematocrit 41.95+4.27 39.55+3.83 36.46+5.24 <0.001* 1vs3 <0.001*
2vs3 0.133

1vs2 0.789
Albumin 4.554+0.20 4.44+0.31 3.36+0.84 <0.001* 1vs3 <0.001*
2vs3 <0.001*

1vs2 1.000
CRP 0.54+1.08 0.74+0.84 4.03+3.25 <0.001* 1vs3 <0.001*
2vs3 <0.001*

1vs2 0.025%*
ESR 10.83+6.67 21.55+15.52 44.50+32.57 <0.001* 1vs3 <0.001*
2vs3 <0.001*

*indicates a significant statistical difference with p < 0.05, **Index: Disulphide/Native thiol percent ratio, %.

All values are given in pmol/L units (without index parameter)

The present study compared the groups of ulcerative colitis in
remission period and ulcerative colitis in active period to healthy
controls by measuring parameters of TDH (native thiol, total thiol,
disulphide, and index) and routine laboratory tests. Additionally,
the relationship between the severity of disease and TDH param-
eters was evaluated. TDH parameters were significantly decreased
in patients with ulcerative colitis compared to healthy control group
(Tab. 1, Fig. 1a, b). In a similar manner, TDH parameters were
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significantly decreased in active ulcerative colitis, while there was
no significant difference between ulcerative colitis in remission
and healthy control group. Except for index parameter, TDH pa-
rameters were significantly decreased in ulcerative colitis in active
period group compared to those in ulcerative colitis in remission
group. While hemoglobin, hematocrit, and albumin levels were
significantly low, ESR and CRP levels were significantly high in
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8.0 7
7.5+
7.0 4
6.5

6.0

Index (SS)/(SH, %

5.5

5.0 T T
Healthy control UC-remission

(b)

T
UC-active

Fig. 2. Thiol-disulphide homeostasis in healthy control, ulcerative colitis-remission and ulcerative colitis-active. a) Serum disulphide values (x +
oM) in healthy control, ulcerative colitis-remission and ulcerative colitis active, b) Serum index values (X + 6M) in healthy control, ulcerative

colitis-remission and ulcerative colitis-active.
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Tab. 3. The relationship between the disease severity and thiol-disul-
phide homeostasis parameters.

Native Thiol Total Thiol Disulphide Index**
[SH] [SH+SS] [SS] [SS1/[SH]
Clinical Score
p <0.001* <0.001* <0.001* 0.011*
r —0.55 —0.64 -0.65 —0.33

* indicates a significant statistical difference with p < 0.05, **Index: Disulphide/
Native thiol percent ratio, %. Clinical scores were determined according to True-
love and Witts criteria.

All values are given in pmol/L units (without index parameters.
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Fig. 3. The relationship between the disease severity and thiol-disul-
phide homeostasis parameters. a) The relationship between serum
disulphide levels and disease severity, b) The relationship between
serum index levels and disease severity.

group (Tab. 2, Fig. 2a, b). Additionally, the correlation between
Truelove Witts Clinical score, indicating disease severity, and
TDH parameters (Tab. 3, Fig. 3 a, b) was significantly negative.

Discussion

Physiologically, native thiol, disulphide, and total thiol are in
a balance. This system also known as TDH is affected by vari-
ous situations such as oxidation and reduction reactions. Revers-
ible disulphide bonds are formed via oxidation reactions of thiol
groups. Formed disulphide bonds are converted through reduc-
tion to thiol groups again. Thus, dynamic TDH is sustained (23).
TDH system can provide information about the shift to disulphide
bond formation or thiol group formation. In addition, TDH also

can provide data about disrupted, weakened and strengthened
situation in homeostasis. Before the novel TDH assay, it has been
shown that only reduced thiol levels were determined in studies
(24, (25, (26). Only a single side of this bi-directional homeosta-
sis system has been measured in these studies. But, in our study,
the levels of parameters forming the TDH (native thiol, total
thiol, disulphide, and index) are measured both individually and
totally with a novel method. Thus, the TDH status can be evalu-
ated cumulatively.

Ulcerative colitis is a chronic inflammatory disease with un-
clear etiology. Various theories such as genetic, immunologic,
environmental factors, the role of microorganisms in the intesti-
nal flora, and oxidative stress have been proposed to explain the
pathophysiological mechanisms (1). We thought that TDH param-
eters can contribute to pathophysiological mechanisms of disease.

Glutathione (GSH) is the most important intracellular anti-
oxidant. The thiol moiety of GSH is important in its antioxidant
function. GSH is necessary for the function and structural integ-
rity of the gut; mice with deficiency of GSH demonstrate serious
deformations in the jejunum and colonic mucosa (27, (28, (29).
Cysteine and cystine (formed from two cysteine molecules) are
rate-limiting precursors of glutathione synthesis. The thiol group
of cysteine is a strong scavenger of reactive oxygen species and
could be readily depleted due to oxidation in the inflamed gut. As
these amino acids are decreased in ulcerative colitis, intracellular
glutathione synthesis is reduced (28). Thus, thiol-containing com-
pounds can be expected to decline in plasma. In this study, native
thiol, total thiol, and disulphide were significantly decreased as
expected, compared with healthy control group and patients with
ulcerative colitis (Tab. 1, Fig. 1 a, b).

When patients with ulcerative colitis in active and remission
periods were compared in terms of TDH system, patients in re-
mission period did not differ significantly from healthy control
group. Remission is a condition of disappearance of symptoms
and realization of mucosal healing in the endoscopic examination
(30). Namely, patients with ulcerative colitis in remission tend to
be similar to healthy subjects and recovery. In our study, TDH
generated by native thiol, total thiol and disulphide in patients
in remission period did not differ from those in healthy control
group (Tab. 2, Fig. 2 a, b). These results explain why there was
no statistically significant difference between the two groups.
However native thiol, total thiol, and disulphide were decreased
significantly in patients with active ulcerative colitis (Tab. 2, Fig.
2 a, b). This situation can be explained by the decrease in intra-
cellular glutathione synthesis in the inflamed gut. Depending on
this, thiol-containing compounds in plasma may be reduced (30).

TDH system which is a dynamic balance is based on a thiol-
disulphide exchange reaction. But, in this study, the amounts of
both thiol groups and disulphide bonds are decreased (Tabs 1 and
2). Namely, two sides constituting the thiol-disulphide balance are
also decreased. We believe that the reason for decreased disulphide
bonds may lie in the decrease in thiol groups transformation to
disulphide bonds. As a result of this, TDH system is not shifted to
the thiol group formation or disulphide bond formation, and the
system is weakened.
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We found a significant negative correlation between TDH
parameters and severity of ulcerative colitis disease (Tab. 3, Fig.
3 a, b). According to the results of this correlation, native thiol,
total thiol, disulphide, and index seem to play an important role
in the clinical course of ulcerative colitis. We think that the pre-
diction of clinical relapse in ulcerative colitis would be possible
with advanced research.

n conclusion, the present study shows that the TDH system in
patients with ulcerative colitis is weakened or broken. According
to our results, we think that TDH system tests could provide good
monitoring parameters for the clinical course of ulcerative colitis
because TDH parameters have a significant correlation with the
severity of ulcerative colitis and there is a significant difference
between patients in active period, whereas there is no signifi-
cant difference between patients in remission period compared to
healthy control group.
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