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ABSTRACT
Objective. Plasma protein oxidation 
products and blood antioxidants, like 
superoxide dismutase (SOD), glutath-
ione peroxidase (GPx) and total anti-
oxidant status (TAS) were investigated 
in children with juvenile idiopathic ar-
thritis (JIA) in a year follow-up study.
Methods. Carbonyl group content 
within plasma proteins, activity of red 
blood cell SOD and GPx, as well as 
the blood TAS level were determined in 
14 children with JIA twice, namely at 
the admission to the hospital (Time 0 = 
T0) and then after a year of treatment 
(Time 1 = T1).
Results. An increased level of plasma 
protein carbonyls was observed in both 
assessments (T0 and T1) as compared 
to control. However there was no sig-
nificant difference in plasma carbon-
yls level between the initial (T0) and 
final (T1) examination of the patients. 
Similarly, SOD activity was higher 
in children with JIA as compared to 
control subjects and did not change 
significantly after a year of follow-up. 
Red blood cell GPx activity remained 
within the normal range throughout 
the study. Interestingly, the blood TAS 
level was initially comparable to con-
trol and rose significantly after the year 
of treatment.
Conclusions. A level of plasma pro-
tein oxidation products remains sig-
nificantly higher in children with JIA 
as compared to healthy subjects. The 
lack of accumulation of plasma pro-
tein carbonyls may result from efficient 
proteolysis in childhood and/or adap-
tive increase of the blood TAS level in 
the course of effective anti-inflamma-
tory therapy. Analysis of plasma oxi-
dative stress markers and antioxidant 
potential of the blood might be helpful 
in monitoring the clinical treatment of 
children suffering from JIA.

Introduction
Juvenile idiopathic arthritis is a chronic 
inflammatory disease of unknown eti-
ology. There is evidence however of re-
active oxygen species (ROS) involve-
ment in the inflammatory process of JIA 
(1, 2). Oxidative stress is suggested to 
damage joints by causing degradation 
of hyaluronic acid, proteoglycans and 

collagen (3). An ischemia-reperfusion 
injury mechanism is also believed to be 
of importance in JIA patients (4). 
Protein oxidative modification seems 
to be a good marker of oxidative stress 
(5, 6). A significant number of studies 
have shown the accumulation of pro-
tein oxidation products during lifespan 
(reviewed by Levine, 2002). The aim 
of the study was to find out if the pro-
tein oxidation products are accumulat-
ed in children with JIA in the course of 
the disease. Moreover, plasma antioxi-
dants were assayed to find a possible 
correlation with the level of oxidized 
proteins.

Material and methods
The clinical study was carried out at the 
Department of Pediatrics and the De-
partment of Medical Chemistry, Medi-
cal University of Gdansk in the years 
of 1996 -1999. There were 14 children 
(6 males and 8 females) aged from 5 
to 17 years (mean 11.5 ± 3.5) with ju-
venile idiopathic arthritis (JIA) and a 
control group of 30 healthy subjects 
(14 males and 16 females) aged from 6 
to 18 years (mean 12.5 ± 2.5) enrolled 
in the study. An informed consent was 
signed by all the children participating 
in the study or/and their parents. The 
study project was approved of by the 
Local Research Ethics Committee.
The patients were diagnosed accord-
ing to the criteria of the International 
League of Associations for Rheuma-
tology, Durban 1997 (7). They all suf-
fered from polyarticular JIA of moder-
ate activity. The patients were treated 
continuously with oral nonsteroid anti-
inflammatory drugs (NSAID) and pe-
riodically with low doses of oral corti-
costeroids during exacerbations (22.8 – 
45.6 mg/kg of prednisone – equivalents 
per year). No patient was administered 
corticosteroids within the last month of 
the follow-up. 
The level of plasma protein carbonyl 
groups, enzymatic activities of the red 
blood cell SOD and GPx, as well as the 
blood TAS level were assayed twice, 
namely at the admission to the hospital 
(Time 0 = T0) and then after a year of 
treatment (Time 1 = T1).
The carbonyl group content within 
plasma proteins was determined by 
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the method of Levine et al. (1990) (8), 
based on the reaction of protein carbo-
nyl groups with 2,4-dinitrophenylhy-
drazine (DNPH). The results were ex-
pressed in nmol per mg of protein.
Enzymatic activity of SOD and GPx in 
the red blood cells as well as TAS of  the 
blood were assayed with RANDOX kit, 
namely Ransod according to Minami 
and Yoshikawa method (1979), Ransel 
according to Paglia and Valentine meth-
od (1967) (9) and TAS according to 
Rice-Evans and Miller method (1994) 
(10) respectively. The activities of SOD 
and GPx were expressed in Internation-
al Units per gram of hemoglobin. TAS 
was expressed in mmol per liter. 
The results were presented as mean 
values with standard deviation calcu-
lated. The means were compared using 
Student t-test. The correlation analysis 
was performed by Pearsonʼs correla-
tion test.

Results
The results of plasma protein carbo-
nyls content are presented in Table I. 
The levels of protein carbonyls in both 
assays (T0 and T1) were not statisti-
cally different, however they were sig-
nificantly higher than those in healthy 
controls (p < 0.001).
The levels of antioxidants are presented 
in Table I. Enzymatic activities of SOD 
in the red blood cells of children with 
JIA in both assays (T0 and T1) were 

not statistically different, however they 
were significantly higher than those of 
healthy controls (p < 0.05). Enzymatic 
activities of the red blood cell GPx 
remained within the reference range 
throughout the study in both JIA and 
control subjects.
The blood level of TAS taken at the ad-
mission of JIA patients to the hospital 
(T0) did not statistically differ from 
that of healthy subjects. However it 
increased significantly after a year of 
medical treatment (p < 0.05).
No correlation was found between the 
plasma protein carbonyls content  and 
the activity of plasma antioxidants in 
children with JIA.

Discussion
Many reports have suggested a possi-
ble role of reactive oxygen species in 
juvenile idiopathic arthritis (1, 11). In 
the studies an increased level of plasma 
protein oxidation products was found 
in children with JIA. The results are 
consistent with the previous study of 
ours (2). Lipid peroxidation products 
seemed increased (12) also in adults 
with rheumatoid arthritis. Moreover, 
some studies reported increased pro-
tein oxidation as well as lipid peroxi-
dation products in the synovial tissue 
and articular fluid from patients with 
rheumatoid arthritis (13, 14).
The group of JIA patients was relative-
ly homogenous in respect to clinical as-

sessment and the course of the disease 
which allowed to objectively evaluate 
the levels of plasma protein oxidation 
products in children with JIA and ob-
tain comparable results within a year of 
the follow-up study. To date, there has 
been no report available on a long-term 
analysis of protein oxidation products 
in the plasma of patients suffering from 
a chronic inflammatory disease. The 
plasma protein carbonyls were found 
to be significantly increased in children 
with JIA as compared to healthy con-
trols, both at the admission (T0) and 
after a year of medical treatment (T1). 
A reason for sustained elevated plasma 
carbonyls in children with JIA still 
needs to be elucidated. On one hand 
it might be assumed that the treatment 
had not been aggressive enough to ef-
fectively reduce the level of oxidative 
stress associated with the pathogenesis 
and progression of the inflammatory 
process. On the other hand, however, 
it might have been the proper therapy 
that prevented a potential accumulation 
of the protein oxidation products in 
plasma in the course of the disease. The 
latter reflection is in concordance with 
the values of the blood TAS taken in 
JIA children which became significant-
ly higher after a year of anti-inflamma-
tory therapy. Although neither plasma 
protein carbonyls nor TAS are routine 
means to evaluate an oxidative stress-
dependent inflammatory process, they 
seem clinically applicable as sensitive 
markers for monitoring and fine-tuning 
medical therapy in case of a chronic 
inflammatory disease. It is noteworthy 
that plasma protein carbonyls level is a 
very dynamic marker of ROS-depend-
ent oxidative stress intensity. 
A possible accumulation of protein ox-
idation products is the subject of many 
studies. It has been well established 
that they do accumulate during life 
span (6, 15, 16). Increase of plasma and 
tissue protein carbonyls is an age-re-
lated process (17, 18). A mechanism of 
the phenomenon remains unknown yet 
(6). Some studies support a hypothesis 
that ROS-dependent oxidative stress 
increases with age (19). Simultaneous-
ly, decreased activity of proteases and 
increased levels of endogenic proteoly-
sis inhibitors are observed (15, 20, 21) 

Table I. Biochemical analyses of the blood taken twice in a group of children with JIA, 
namely at the admission to the hospital (T0) and after a year of follow-up (T1), as compared 
to control group of healthy subjects (HS). Non-significant p values denoted as p = NS.

Patients JIA at Time 0 (T0) JIA at Time 1 (T1) Healthy subjects (HS)

Carbonyls
[nmol/mg of protein] 1.69 ± 0.63 1.64 ± 0.52 0.87 ± 0.18
 n = 14 n = 14 n = 30
 p < 0.001 vs. HS p < 0.001 vs. HS 

SOD 1982.9 ± 883.7 2061.1 ± 1482.8 1203.2 ± 395.6
[IU/g of Hb] n = 14 n = 13 n = 30
 p < 0.05 vs. HS  p < 0.05 vs. HS 

GPx 19.4 ± 16.5 32.1 ± 23.1 22.6 ± 12.6
[IU/g of Hb] n = 13 n = 14 n = 30
 p = NS vs. HS p = NS vs. HS 

TAS 1.68 ± 0.22 1.97 ± 0.34 1.59 ± 0.32
[mmol/L] n = 14 n = 14 n = 30
 p = NS vs. HS p < 0.05 vs. HS 

Carbonyls: protein oxidation products; SOD: superoxide dismutase; GPx: glutathione peroxidase;   
TAS: total antioxidant status.
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which may result in lower degradation 
of oxidized proteins. Thus no accumu-
lation of protein carbonyls observed in 
the patients with JIA may be partly due 
to effective proteolysis in childhood.
In both examinations the activity of 
superoxide dismutase in the red blood 
cells was higher in patients with JIA 
as compared to healthy controls. The 
higher activity of antioxidative enzyme 
seems to be a response to increasing 
generation of reactive oxygen species 
during inflammatory process. The in-
creased activity of SOD in children 
with JIA was also reported in other 
studies (2).
The analysis of antioxidant status in 
children with JIA showed significant 
increase of TAS level after one year 
of the disease duration. All children 
were treated with the anti-inflamma-
tory drugs in the period between the 
two examinations. The increase of 
antioxidative capacity of the blood is 
probably due to the treatment resulting 
in the improvement of the primary and 
secondary antioxidants efficacy, which 
may be an initial phase of restoring the 
antioxidative-prooxidative balance of 
the organism. The finding of increased 
TAS level after a year of treatment 
seems useful for monitoring therapy.
The presented results of our study are 
preliminary. The studied group is limit-
ed due to very strict clinical criteria for 
enrollment of subjects into the study. 
Further research is necessary to obtain 
more in-depth conclusions on the accu-
mulation of protein oxidation products 
and the antioxidant status in the course 
of a chronic inflammatory process.

Conclusions
Analysis of oxidative stress intensity 

markers may be helpful in monitoring 
the medical treatment of children with 
JIA. The lack of accumulation of protein 
oxidation products in children with JIA 
may be a result of effective proteolysis 
in childhood and/or the treatment. An 
increased level of TAS after one year 
of the disease duration seems due to ef-
ficient anti-inflammatory therapy.  The 
finding of increased TAS level may be 
of clinical importance for monitoring 
the efficacy of JIA therapy.
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