Orl.gl.na/ AfT/C/e Ozgun Aragtlrma Turkish Journal of Pediatric Disease 309

Turkiye Cocuk Hastaliklari Dergisi

Relation of Antioxidant Native Thiol Level with Inflammatory
Markers and Disease Activity Index in Pediatric Ulcerative
Colitis

Pediatrik Ulseratif Kolit Hastalarinda Antioksidan Native Tiyol
Diizeyinin inflmatauvar Markirlar ve Hastalik Aktivite indeksi ile
lliskisi
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ABSTRACT

Objective: Pediatric ulcerative colitis (PUC) is an inflammatory disease. PUC pathogenesis is associated with an
imbalance between reactive oxygen species and antioxidant activity which creates oxidative stress. Native thiol (NT)
level is antioxidant capacity which is practical and repeatable marker of inflammation and antioxidan level. We aimed to
analyse the relation of NT level with inflammatory markers and pediatric ulcerative colitis activity index (PUCAI).

Material and Methods: Thirty-eight PUC patients (SG) and 33 control group (CG) participants were included in the
study. PUC patients grouped as in remission, mild, moderate and severe activity according to disease activity according
to PUCAI. NT, hemoglobin (Hb), white blood cell (WBC), platelet (PLT), mean platelet volume (MPV), aloumin, C-reactive
protein (CRP), erythrocyte sedimentation rate (ESR), interleukin 6 (IL-6) levels of all participants were measured at the
time they were enrolled in the study and recorded.

Results: Mean age and gender ratio of groups were similar (0>0.050). NT level of SG statistically high compared to CG
(p=0.001). Hb, PLT, MPV, CRP, ESR, IL-6 levels of SG were statistically different than CG (p=0.045, p=0.026, p=0.001,
p=0.001, p=0.001, p=0.001). NT level of SG was positively correlated with Hb, MPV, aloumin (p=0.001, for all). NT level
of SG was negatively correlated with PLT, CRP, ESR, IL-6 and PUCAI (p=0.001).

Conclusion: NT level of PUC is significantly lower than CG. NT level of SG was positively correlated with albumin which
is a good prognostic factor in PUC patients. NT may be repeatable, noninvasive candidate serum biomarker for PUC
management.
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Amag: Pediatrik Ulseratif kolit (PUK) inflamatuar bir hastaliktir. PUK patogenezinde oksidatif stres olusturan antioksidan aktivite ile reaktif
oksijen turleri arasindaki dengesizlik ile iliskilidir. Native tiyol (NT) seviyesi, iltihaplanma ve antioksidan seviyesinin pratik ve tekrarlanabilir
belirteci olan antioksidan kapasitedir. NT diizeyinin inflamatuar belirtecler ve pediatrik Ulseratif kolit aktivite indeksi (PUKAI) ile iliskisini
incelemeyi amacladik.

Gerec ve Yontemler: Calismaya 38 PUK hastasi (CG) ve 33 kontrol grubu (KG) katiimcisi dahil edildi. PUK hastalari, PUKAI'ye gére
hastalik aktivitesi remisyonda, hafif, orta ve siddetli olarak gruplandi. Tum katiimcilarin NT, hemoglobin (Hb), beyaz kan hicresi (WBC),
trombosit (PLT), ortalama trombosit hacmi (MPV), albdmin, C-reaktif protein (CRP), eritrosit sedimantasyon hizi (ESH), interldkin 6 (IL-6)
seviyeleri 6lculdu ve kaydedildi.

Bulgular: Gruplarnn ortalama yas ve cinsiyet oranlan benzerdi (p>0.050). CG’'nin NT dulzeyi, KG’'ye gore istatistiksel olarak yiksek
(p=0.001). CG’nin Hb, PLT, MPV, CRP, ESR, IL-6 dlzeyleri istatistiksel olarak KG’den farkliydi (p=0.045, p=0.026, p=0.001, p=0.001,
p=0.001, p=0.001). CG’nin NT duzeyi Hb, MPV, alblmin ile pozitif korelasyon gdsterdi (p=0.001). CG’nin NT dizeyi PLT, CRP, ESR, IL-6
ve PUCAI ile negatif korelasyon gosterdi (p=0.001).

Sonug: PUK hastalarinda NT seviyesi, KG’den anlamli olarak diistik bulundu. CG’nin NT diizeyi PUK hastalarinda iyi bir prognostik faktér

olan albiimin ile pozitif korelasyon gdsterdi. NT slciimi PUK yénetimi icin tekrarlanabilir, noninvaziv bir serum biyobelirtec olabilir.

Anahtar Soézciikler: Aktivite, Antioksidan, Cocuk, Native tiyol, Ulseratif kolit

INTRODUCTION

Pediatric ulcerative colitis (PUC) is a chronic relapsing systemic
idiopathic disease. Most of the findings of PUC are similar to
an adult-onset disease. PUC incidence and prevalence rate
tends to increase worldwide and up to one-fourth of cases
have a more severe disease course and longer duration than
inflammatory bowel disease (IBD) diagnosed in adulthood.
It is widely known that pathogenesis and progression of the
inflammatory cascade in this disease are often attributed to
genetic, environmental factors (1,2). For successful treatment
of PUC, early diagnosis and follow disease activity is important
but there is no well established ideal serum biomarker for PUC,
yet.

Lately oxidative stress has been considered to be one of the
important steps in disease pathogenesis (3,4). In ulcerative
colitis (UC), excessive immune response due to chronic
inflammation and impaired tissue perfusion due to mucosal
damage lead to excessive production of reactive oxygen and
nitrogen species (ROS/RNS) and amount of these oxidative
stress markers in UC were found as correlated with the severity
of mucosal inflammation (5-7).

In healthy state, there is equilibrium between oxidant and
antioxidant mechanisms in the body. Thiols are organic
antioxidants since they possess a sulfhydryl group. Thiol groups
can form reversible disulfide bridges by the effect of oxidants in
plasma (6). The formed disulfide bridges can be reduced to
thiol groups again via the antioxidant systems in the organism.
Thus, dynamic native thiol-disulfide balance is maintained.
The thiol-disulfide balance plays a critical role in antioxidant
defense, detoxification, apoptosis, regulation of enzyme
activities, and mechanisms of transcription and cellular signal
transduction, proliferation and immunity (6,7). In inflammatory
diseases, oxidant radicals increases due to oxidative stress and
this equilibrium is disturbed (6). To measure levels of all oxidant
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radicals and antioxidant molecules separately is very time-
consuming and expensive and also not really possible since
interaction of these substances is always ongoing during all the
time in the body (3,4,6).

Native thiol (NT) is the main element of the antioxidant defense
and measurement of serum NT level is a good indicator of
total amount of antioxidant capacity (6-9). For this reason, a
new method was developed to determine native thiol-disulfide
balance. Native thiol balances oxidative stress by reducing
the levels of reactive oxygen species or by accelerating their
inactivation (6,8-10).

We propose that, NT level may be a possible candidate
biomarker for PUC diagnosis and follow up. The aim of the
study was to determine the relation between NT levels and
widely used inflammatory markers and pediatric ulcerative
colitis activity index (PUCAI).

MATERIAL and METHODS

This study was carried out in the Pediatric Gastroenterology,
Hepatology and Nutrition Clinic of Ankara Bilkent City Hospital,
between October 2021 and March 2022. This study was
approved by Ankara Bilkent City Hospital Second Ethical
committee (10.10.2021/E2-20-106). The written informed
consent was received from the family for every child who were
included into the study.

This prospective study included two groups; the study group
(SG) consisted of 38 children (male 19, female 19) diagnosed
and treated with a diagnosis of PUC, and the control group
(CG) consisted of 33 healthy children (male 16, female 17) who
were admitted for a routine check-up. The diagnosis of UC was
made according to clinical, endoscopic, and histopathological
criteria of ESPGHAN (11). PUC patients were grouped as in
remission, mild, moderate, and severe activity according
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to PUCAI score; a non-invasive multi item UC activity index
to differentiate the disease activity states accurately and to
assess change over time, without the need for colonoscopic
assessment for pediatric patients accepted as objective by
clinical authorities (12). Patients with any complications related
to UC and other chronic or systemic disease and patients with
any infection were excluded from the study.

Results of NT, hemoglobin (Hb), white blood cell (WBC), platelet
(PLT), mean platelet volume (MPV), albumin, C-reactive protein
(CRP), erythrocyte sedimentation rate (ESR), interleukin 6 (IL-6)
levels of all participants were measured at the time they were
enrolled in the study and recorded. Blood samples were taken
to measure NT levels with a newly developed method by Erel/
Neselioglu and NT levels were measured using an automated
clinical chemistry analyzer (Roche, Cobas 501, Mannheim,
Germany) (8).

Hemoglobin, WBC and PLT were measured by an automatic
analyzer (Sysmex XE-2100, USA) within five minutes of
sampling. C-reactive protein (Siemens BN Il System, Germany),
ESR (Therma NE, Spain), and albumin (Roche Cobas 8000,
Mannheim, Germany) levels were measured using commercial
kits. IL-6 levels were measured by using an enzyme-linked
immunosorbent assay kit (Affymetrix Ebioscience).

Statistical Analysis

Statistical Package for Social Sciences (SPSS) 22 for Windows
(IBM SPSS Inc.,Chicago, USA) program was used for statistical
analyses. Kolmogorov Smirnov test was used to determine the
distribution of data. Categorical variables were expressed as
numbers and percentage. Continuous variables were compared
with independent sample t-test, ANOVA, Mann Whitney U test,
and Kruskal-Wallis test where appropriate. Post- Hoc analysis
was implemented within subgroups, including PUCAI score, NT
level, MPV, PLT, IL-6. Chi-square test and Fisher’s exact chi-
square test were used to compare categorical variables. The
relationship between the numeric parameters was analyzed
by Pearson and Spearman correlation analysis. A p<0.05 was
considered significant for statistical analyses.

RESULTS

During the study in 15 months, a total of 71 children were
included. The demographic characteristics and laboratory
results of the two groups are summarized in Table |. There were
38 UC patients; 19 (50 %) male and 19 (50 %) girls in SG. CG
was consisted of 33 healthy children, 17 (51.5 %) girls, and 16
(48.5 %) boys. The mean ages + SD were 13.6+3.3 years in SG
and 13.3+4.1 years in CG. No statistically significant difference
was observed between the SG and CG with respect to age,
and gender ratio (p> 0.050). NT, Hb, MPV, albumin levels were
significantly lower in SG compared to CG (p=0.001, p=0.045,
p=0.001, p=0.015, respectively). PLT, CRP, ESR, IL-6 were

Table I: Demographic and laboratory findings of Study and
Control groups

SG (meanxSD) CG (meanz=SD)

n=38 n=33
Gender (male)* 19 (50) 16 (48.5) 0.899
Age (yr) 13.6+3.3 13.3+4.1 0.351
Hb (g/dL) 12.2+1.97 13+1.4 0.045
WBC (x1079/L) 7.18+2.23 6.96+1.65 0.602
PLT (x1079/L) 380.9+172.4 309.4+57.3 0.026
MPV (fL) 7.9+1.1 8+1.4 0.001
Albumin g/L) 44.3+5.2 46.9+3.2 0.015
Native Thiol (umol/l) 489+93 592.7+80.3 0.001
CRP (g/L) 8.97+10.96 1.983+1.4 0.001
ESR (mm/hour) 12.1+6.8 6.2+3.4 0.001
IL-6 (pg/mL) 8.8+8.3 3.9+1.8 0.001

* n (%), SG: Study Group, CG: Control Group, Hb: Hemoglobin,
WBC: White Blood Cell, MPV: Mean Platelet Volume, PLT: Platelet,
CRP: C-reactive protein, ESR: Erythrocyte Sedimentation Rate, IL-6:
Interleukin 6

significantly higher in SG compared to CG (p=0.026, p=0.001,
p=0.001, p=0.001, respectively) (Table ).

In order to determine the relation between the inflammatory
parameters with NT levels of PUC patients with different disease
activity level, SG subdivided into groups as remission, mild
attack, moderate or severe attack groups that defined according
to PUCAI score. But since the number of patients in severe
attack group was low, we combined moderate and severe
attack cases as one group in order to make comparisons. Mean
NT level in subgroups were all different than CG (remission vs
control; p=0.038, mild vs control; p=0.002, moderate-severe
vs control; p=0.001, respectively) (Table Il and Figure I).

Results of correlation analysis of NT and PUCAI, Hb, WBC, PLT,
MPV, albumin, CRP, ESR, IL-6 were summarized in Table IIl.
There was a significant correlation between NT level with PUCAI
and albumin level (r=-0.336, p=0.039; r= 0.573, p=0.001,
respectively). Results of correlation analysis of disease severity
and NT, Hb, WBC, PLT, MPV, albumin, CRP, ESR, IL-6 were
summarized in Table V.

DISCUSSION

To the best of our knowledge, this is the first case-control
prospective study that investigated NT as a novel repeatable
and practical biomarker of oxidative capacity in PUC patients.
In our study, we demonstrated that the mean level of NT which
is reflecting the antioxidant capacity of the body is significantly
lower in SG as compared to CG. Our study results showed
that, NT level gives fairly precise information about antioxidant
capacity of the PUC patients. Measurement of all antioxidant
molecules separately is very time-consuming and expensive
and need some invasive techniques like biopsy. In a study
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Table ll: The Relationship Between Disease Severity and Inflammatory Markers

Control Remission Mild Moderate-Severe Post hoc
meanz=SD meanz=SD meanzSD mean=SD ANOVA
(n=33) (n=10) (n=18) (n=10) P
Native Thiol > 0-00
a'Vﬁl 0 592.7+80.3 506.3+120.9  497.9+77.9 462.6+88.7 0.001 pt 0.002
(umol/) ot 0.000
p* NS
IL-6 (pg/mL) 3.9+1.83 6.19+5.7 9.04+6.98 11.02+11.99 0.004 p' 0.029
pt 0.003
p* NS
ESR (mm/hour) 6.24+3.44 10.4+4.24 11.11+7.56 15.5+6.75 0.001 pf 0.015
pt 0.000
p* NS
Albumin (g/L) 46.92+3.2 45.2+6.43 44.76.+4.4 42.67+5.4 0.051 p NS
p* 0.045
p* NS
CRP (g/L) 1.93+1.39 8.6+9.62 7.27+9.79 12.4+14.1 0.002 pt NS
pt 0.003
p* NS
PLT (x1019/L) 309.4+57.3 420+130.6 330.5+123.7 432.7+257.8 0.019 p' NS
pt 0.049
p* NS
MPV (fL) 8.7+1.4 8.2+1.5 7.97+0.9 7.5+0.71 0.044 p NS
pt 0.051

IL-6: Interleukin 6, ESR: Erythrocyte Sedimentation Rate, CRP: C-reactive protein, PLT: Platelet, MPV: Mean Platelet Volume, NS: Not Significant,

* Remission vs control, t: Mild vs control, ¥2 Moderate-severe vs control

Table Ill: Correlation of Native Thiol and Laboratory Table IV: Correlation of pediatric ulcerative colitis severity
Parameters and laboratory parameters
r p r p
Hb (g/dL) 0.538 0.001 Hb (g/dL) -0.051 0.76
WBC (x1079/L) -0.177 0.139 WBC (x1079/L) -0.047 0.778
PLT (x1079/L) -0.468 0.001 PLT (x1079/L) 0.056 0.737
MPV (fL) 0.408 0.001 MPV (fL) -0.254 0.124
Albumin (g/L) 0.573 0.001 Albumin (g/L) -0.383 0.017
CRP (g/L) -0.566 0.001 Native Thiol (umol/l) -0.336 0.039
ESH (mm/hour) -0.414 0.001 CRP (g/L) 0.078 0.640
IL-6 (pg/mL) -0.504 0.001 ESR (mm/hour) 0.282 0.087
Hb: Hemoglobin, WBC: White Blood Cell, MPV: Mean Platelet IL-6 (pg/mL) 0.037 0.824

Volume, CRP: C-reactive protein, PLT: Platelet, ESR: Erythrocyte
Sedimentation Rate, IL-6: Interleukin-6

done in biopsy material, Holmes and Tsunada et al. (13,14)
demonstrated that oxidized glutathione (GSSG) in inflamed
mucosa from patients with active UC was increased. Holmes et
al. (13) also found that the tissue GSSG content of the mucosa
showed a significant positive correlation with clinical and
histological indices of disease severity among UC patients. NT
is used to maintain reduced glutathione level in the body. Our
study reported that there is a significant decrease in NT level in
PUC patients. Our study results support the results of biopsy
study by Holmes et al. (13) but our technique is superior since
there is no need for tissue biopsy. An adult study using our
technique by Erel, demonstrated that there was a significant

Turkish J Pediatr Dis/Trkiye Cocuk Hast Derg / 2023; 17: 309-314

Hb: Hemoglobin, WBC: White Blood Cell, PLT: Platelet, MPV:
Mean Platelet Volume, CRP: C-reactive protein, ESR: Erythrocyte
Sedimentation Rate, IL-6: Interleukin-6

decrease in antioxidant capacity reflected by a decrease in NT
level (15).

To our knowledge, there is only one pediatric study reported
that active PUC patients and controls which are composed of
children with functional bowel disease had similar antioxidant
levels in gastrointestinal tract tissue biopsies. They had used
a different, manual immunodiagnostic technique with 4%
intraassay variability, and also the control group was not healthy
children (10). Although measurement of the level of GSSG in
tissue needs some special techniques and tissue biopsy,
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Figure I: Relation of Native Thiol Level and Aloumin with Disease
Activity.

measurement of serum NT level is a practical, repeatable and
automated technique and could be used in PUC patients easily.

Our study results also demonstrated that there is a weak but
statistically significant negative correlation between the activity
of disease as scaled by PUCAI and NT (r=-0.336, p=0.039).
Our study also demonstrated that NT level was also positively
correlated with albumin; (r= 0.573, p=0.001). NT level of
remission group was significantly lower than CG, NT level
of mild activity group significantly lower than control group,
means that NT level measurement is fairly precise enough to
differentiate these groups (p=0.038).

Our results showed that there is also a statistically significant
correlation between NT level and Hb, CRP which reflects an
indirect confirmation of the NT level value in this patient group.

Our results suggested that NT level measurement by the Erel
technique, it would be possible to measure antioxidant capacity
more definitely by measuring NT level and help to early diagnosis
of PUC and follow-up purposes as a predictor of the activation
in PUC cases. We believe that larger-scale case-control studies
with this new Erel technique would help to understand and clarify
the progression, diagnosis of recurrence, and pathogenesis of
PUC. With this technique, it would be possible to increase the
diagnostic accuracy in deciding the disease severity in PUC
cases.

The mean Hb level of SG was statistically lower than CG. This
finding was similar to literature findings (16). Anemia in PUC
patients is probably caused by inadequate intake, malabsorptive
state, and chronic blood loss by mucosal ulcerations.

Although WBC was defined as a strong predictor of severe
clinical disease as measured by PUCAI, we could not find a
statistically important difference between the study and control
group (17). This finding of our study would be related to the
presence of cases with remission in our study group.

MPV is an indicator of platelet activity and aggregation capacity
(16). The mean MPV result of the SG was lower than the CG.
There was also positive correlation of NT level with MPV in
our study. There are multiple adult studies revealed that MPV
decreased in active UC patients compared to the control group

(17-19). There is no pediatric study about relation of MPV and
NT level. Our study was also novel in pediatric PUC literature.

The platelet count of the study group was significantly higher
than the control group. This finding supports the hypothesis
that in chronic diseases, number, shape, and functions of
platelets are important in the amplification of the disease
severity (20). According to Chen et al. (19) chronic disease
activity and iron deficiency anemia lead to thrombocytosis.
Our study results support the idea that iron deficiency would
cause thrombocytosis. The mean level of CRP in our SG was
significantly higher than the CG which is similar to the findings
of Cifci et al. (21). Although CRP was accepted as a classical
parameter for IBD patients but our study results showed that
CRP level was not correlated with disease activity levels as
similar to the literature findings (22).

As expected, the mean level of ESR in our SG was significantly
higher than CG which is parallel to the finding of Croft et al. (23).
But the correlation with PUCAI was not significant. This finding
supports the idea that ESR could not be used for follow-up
purposes efficiently.

Our study results showed that the mean IL-6 level was found
significantly higher in SG. According to a study by Feng, the life
span of T lymphocytes was extended with the help of IL-6 and
also IL-6 was defined as a marker of recurrence development
in IBD patients who were treated (24). Karaskova et al. (25)
also demonstrated that in pediatric IBD patients the level of IL-6
decreased after treatment. Our study results about IL-6 were
parallel to the findings of pediatric and adult studies in literature
(24,25).

Limitation of our study: Since antioxidant capacity of body
would be affected from dietary factors, standard diet would be
recommended before measurements. Generally, our patients
use grossly similar nutrients since they were given similar
instructions and recommendations about diet at the diagnosis
time, but we did not check the diet of the children in detail. This
study was limited by relatively small sample size in severe PUC
cases. And PUCAI that we used to differentiate subgroups,
accepted as subjective according to some authorities.

CONCLUSION

This is the first study demonstrating antioxidant NT level of PUC
is significantly lower than healthy children. NT level also showed a
good correlation with known inflammatory biomarkers, albumin
and MPV. There is a significant negative correlation between
disease activity defined by PUCAI and NT level. NT level would
be a good candidate serum biomarker for PUC patients at the
diagnosis and follow-up period without the need of a tissue
biopsy. But there is a need for larger and more definitive studies
for making decision about the place of NT level measurement
in diagnostic and follow-up workup of PUC.
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