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Introduction. Rheumatoid arthritis 
(RA) is an autoimmune rheumatic 
disease of unknown etiology which 
is characterized by chronic erosive 
arthritis and systemic organ involvement 
resulting in early disability and shorter 
life expectancy [6]. Despite significant 
advances in the diagnostics and treatment 
of RA over the past 50 years, there still 
remain unsolved problems. This is due 
to the fact that RA continues to be one of 
the most prevalent rheumatic diseases 
which has significant socioeconomic 
costs [10]. Moreover, the use of 
genetically-engineered biological agents 
frequently leads to RA progression. 
Therefore, in recent years there has 
been a growing interest in the molecular 
and cellular mechanisms of immune-
mediated inflammatory pathogenesis of 
RA. New insights into the mechanisms 
underpinning RA pathogenesis will lead 
to improved diagnostics of RA at an early 
preclinical stage, better assessment of 
disease activity, prognosis and treatment 
outcomes, and the development of novel 
more specific treatment modalities.  

At present there is no credible or 
convincing evidence linking RA with 
one etiological factor. A combination of 
genetic and environmental factors has 
been suggested to cause a cascade of 

abnormal cellular and humoral immune 
responses [12]. These responses cause 
not only the synovial inflammation 
leading to the destruction of joints 
but also internal organ involvement. 
However, the mechanism underpinning 
the transition of autoimmune response to 
joint inflammation still remains uncertain. 
At the same time, numerous studies 
have shown that anti-citrullinated protein 
antibodies appear many years before 
the clinical onset of joint inflammation 
[11]. The production of anti-citrullinated 
protein antibodies is considered to play a 
key role in the pathogenesis of RA. 

Neutrophil granulocytes also play 
a specific role in the induction and 
promotion of autoimmune inflammation 
in RA. It is accounted for by the ability 
of neutrophils to release neutrophil 
extracellular traps (NETs) through cell 
death called NETosis [2, 8, 9, 12, 15]. 

Anti-citrullinated protein antibodies 
and inflammatory cytokines (IL-17A, 
TNF-α and IL-8) can stimulate NETosis, 
whereas NETs externalize citrullinated 
autoantigens which are potential anti-
citrullinated protein antibody targets, 
thus perpetuating a cycle of citrullinated 
autoantigen generation and induction of 
autoimmune responses in RA [12, 13]. 

NETs are networks of condensed 
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Conclusion. Plasma enzymatic profile in RA patients is characterized by an increase of XO 
and SOD activities, which indicates the intensification of prooxidant and antioxidant mechanisms. 
It can be assumed that the excessive generation of reactive oxygen species can stimulate the 
formation of neutrophil extracellular traps by neutrophil granulocytes as a result of the activation 
of free radical reactions.
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chromatin (histones and DNA), 
components of neutrophil granules 
(neutrophil elastase, myeloperoxidase, 
cathepsin G, leucocyte proteinase 3, 
lactoferrin, gelatinase, lysozyme C, 
calprotectin, defensins and cathelicidins) 
and cytoskeletal proteins (actin, tubulin) 
[1]. NET production is commonly 
accompanied by neutrophil cell death. 
According to current data, NETs not only 
induce RA but also initiate autoaggressive 
response which underlies chronic 
autoimmune inflammation in RA [12, 15].

One of the factors triggering the 
production of NETs is overexpression 
of reactive oxygen species (ROS) 
[14]. NADPH-oxidase is considered 
the main source of ROS. The role of 
NADPH-oxidase in the initiation of 
NET production is clearly understood. 
However, ROS can be formed by other 
reactions. The enzyme xanthine oxidase/
xanthine dehydrogenase complex is the 
most important source of ROS. These 
two forms of xanthine oxidoreductase 
(XOR) may be interconverted. NADPH-
oxidase plays a leading role in xanthine 
dehydrogenase (XDH) and xanthine 
oxidase (XO) regulation. ROS generated 
by NADPH may promote the conversion 
of XOR to oxidase [5]. XO is known to 
act as a prooxidant. XO activation is 
accompanied by increased formation 
of superoxide radicals via oxidation of 
hypoxanthine and xanthine. 

Protection from overproduction 
of ROS in the body is provided by 
a complex antioxidant system, with 
superoxide dismutase being the most 
important. Healthy individuals tend to 
have prooxidant-antioxidant balance. A 
shift in the balance between oxidants 
and antioxidants is accompanied by 
increased formation of ROS which can 

result in oxidative stress involved in a 
number of pathological conditions. 

As ROS promotes NET generation, 
the study of oxidant and antioxidant 
enzyme activity in patients with RA is of 
great interest.

The aim of our study was to 
characterize the activity profile of 
prooxidant and antioxidant systems 
key enzymes in plasma of rheumatoid 
arthritis (RA) patients.

Matherials and methods. 71 RA 
patients (46 women and 25 men) were 
enrolled in the study. Mean age of patients 
was 43.2±3.6 years, mean RA duration 
was 11.9±2.6 years. The diagnosis 
was verified with ACR/EULAR criteria 
(2010) [7]. All patients were treated in 
Municipal Clinical Hospital № 25.  The 
control group consisted of 30 healthy 
individuals. RA patients and healthy 
individuals were comparable in gender 
and age. Disease activity was calculated 
using DAS 28. 24 (33.8%) patients had 
low disease activity, moderate and high 
disease activities were determined in 41 
(57.7%) and 6 (8.5%) cases, respectively. 
Extra-articular manifestations were 
revealed in 30 (42.2%) patients. Mostly, 
involvement in the pathological process 
of the heart (30%), lungs (23.3%) and 
kidneys (23.3%) was diagnosed. 41 
patients (57.8%) had an articular form 
of the disease. Тhe radiological stage 
of joint involvement was evaluated using  
Steinbroker  criteria. Most RA patients 
had II and III stages of joint involvement: 
36 (50.7%) and 27 (38.0%), respectively. 
I stage was determined in 5 (7.0%) cases, 
IV stage – in 3 cases. Joint functional 
limitations had 68 (95.8%) patients. 28 
(39.4%) of them were related to the first 
functional class, 35 (49.3%) – to the 
second functional class, 5 (7.1%) – to 

the third functional class. Rheumatoid 
factor antibodies were revealed in 67.6% 
cases. 

Plasma xanthine oxidase (XO; Е.С. 
1.17.3.2), xanthine dehydrogenase (XDH; 
Е.С. 1.17.1.4) and superoxide dismutase 
(SOD; Е.С. 1.15.1.1) activities were 
measured using previously described 
spectrophotometric techniques. XO 
and XDG activities were expressed as 
nmol/mlmin, SOD activity – as units of 
activity [3, 4]. 

Statistical analysis was performed 
using Statistica 6.0 software package. 
Results were presented as (Ме, Q25, 
Q75). The Mann-Whitney U test was used 
for statistical analysis. Differences were 
considered significant when p<0.05.

Results and discussion. All the 
plasma enzymatic activities of healthy 
individuals were not dependent on 
gender and age. These factors were not 
considered in the enzymatic activities 
analysis of RA patients. Reference 
intervals (М±2σ) of enzymatic activities 
were 2.28-5.12 nmol/mlmin (for XO), 
3.96-7.24 nmol/mlmin (for XDH), and 
3.13-6.58 units (for SOD). 

We conducted research of the plasma 
enzymatic activities in RA patients with 
different clinical manifestations. The 
dependence of XO, XDG, SOD activities 
on RA activity and presence of extra-
articular manifestations was analyzed. 
The results are presented in the Table 1. 

We have revealed substantial changes 
in all the plasma enzymatic activities 
of RA patients. These changes were 
multidirectional. XO and SOD activities 
were increased in all RA patients. XO 
activity have been reached its highest 
values at maximum disease activity and 
presence extra-articular involvements, 
SOD activity – in moderate and high 

Activity of enzymes in plasma of rheumatoid arthritis patients (Me (Q25; Q75))

Group Enzymes Significance of differences 
with healthy individuals

Significance of differences 
between patient's groupXO XDG SOD

Healthy individuals, n=30 3.71.2.3.4.6.8

(3.2; 4.1)
5.62.5.7.9

(4.9; 6.1)
4.91.2.3.4.6.8

(4.3; 5.1)

RA patients, n=71 6.31

(4.8; 9.6)
5.5 

(4.8; 6.7)
9.21

(7.3; 11.6)
1р˂0.001

RA activity (degree)

1, n=24 5.32.10.11 
(4.1; 6.1)

6.92.13.14

(6.3; 7.6)
6.72.15.16 

(5.3; 7.4)
2р˂0.001

10р˂0.001
11р˂0.001
12р=0.015
13р˂0.001
14р˂0.001
15р˂0.001
16р˂0.001

2, n=41 7.23.10.12 
(5.0; 10.0)

5.213 
(4.8; 5.8)

9.93.15 
(9.0; 13.2)

3р˂0.001

3, n=6 10.64.11.12 
(8.3; 11.7)

4.65.14 
(3.9; 5.2)

11.54.16 
(9.7; 12.9)

4р˂0.001
5р=0.008

Форма заболевания

Articular form, n=41 5.06.18 
(3.8; 6.2)

6.57.19 
(5.2; 6.9)

10.56.20 
(6.7; 13.2)

6р˂0.001
7р=0.011 18р˂0.001

19р˂0.001
20р=0.038Presence of Extra-articular 

manifestations, n=30
9.78.18 

(7.5; 10.8)
5.19.19 

(4.6; 5.5)
8.48.20 

(7.5; 9.3)
8р˂0.001
9р=0.025
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disease activities as well as in patients 
with articular form of RA. XDG activity 
was increased at low disease activity 
and articular form of RA, while moderate, 
high disease activities and extra-articular 
involvements were characterized by 
decreased activity of this enzyme. 

Plasma enzymatic profile of RA 
patients is characterized by an increase 
of XO and SOD activities, which indicates 
the intensification of prooxidant and 
antioxidant mechanisms. SOD activity 
was substantialy lower in RA patients 
with extra-articular manifestations, that 
confirms the debilitation of the antioxidant 
protection with disease progression 
and visceral organs involvement in the 
autoimmune rheumatoid process. The 
progressive increase of XO activity 
against the background of the decreased 
XDG activity indicates the intensification 
of free radical oxidation in more severe 
forms of RA. It can be assumed that 
the excessive generation of ROS can 
stimulate the formation of neutrophil 
extracellular traps by neutrophil 
granulocytes as a result of the activation 
of free radical reactions.

Conclusion.
1.	 RA is characterized by 

the activation of the prooxidant and 
antioxidant systems enzymes.

2.	 The severe forms of RA 
accompanied by the intensification of 
free radical oxidation.

3.	 The visceral organs 
involvements are accompanied by the 
debilitation of the antioxidant protection.

1. Мамус М.А., Тихомирова Е.А., Бедина 
С.А., Доценко С.С., Трофименко А.С., Мозго-
вая Е.Э. Внеклеточные нейтрофильные ло-

вушки и их возможная роль в образовании ан-
тицитруллиновых антител при ревматоидном 
артрите. Актуальные проблемы современной 
ревматологии: Сб. науч. работ / под ред. И.А. 
Зборовской. М.: Планета, 2018; XXXV:202-
11. [Mamus MA, Tikhomirova EA, Bedina SA, 
Dotsenko SS, Trofimenko AS, Mozgovaya EE. 
Neutrophil extracellular traps and their eventu-
al role in the anti-citrullinated protein antibodies 
generation in rheumatoid arthritis. Aktualnyye 
problemy sovremennoy revmatologii: Sb. nauch. 
rabot / Zborovskaya I.A., ed. М.: Planet, 2018; 
XXXV:202-211. (In Russ.).] DOI: 10.18411/978-5-
907109-24-7-2018-xxxv-202-211

2. Воробьева Н.В., Пинегин Б.В. Нейтро-
фильные внеклеточные ловушки: механизмы 
образования, роль в норме и при патологии. 
Биохимия. 2014;79(12):1580–91. [Vorobjeva 
NV, Pinegin BV. Neutrophil extracellular traps: 
Mechanisms of formation and role in health and 
disease. Biokhimiya. 2014; 79(12):1286-96. (In 
Russ.).]

3. Дубинина Е.Е., Сальникова Л.А., Ефимо-
ва Л.Ф. Активность и изоферментный спектр 
супероксиддисмутазы эритроцитов и плазмы 
крови человека. Лаб. дело. 1983;10:30-3.  [Du-
binina EE, Salnikova LA, Efimova LF. Activity 
and isozyme spectrum of superoxide dismutase 
human erythrocytis and blood plasma. Lab. delo. 
1983; 10:30–3. (In Russ.).]

4. Мартемьянов В.Ф., Мозговая Е.Э., Беди-
на С.А. Клиническое значение исследования 
активности ферментов и изоферментов пури-
нового метаболизма в плазме крови больных 
анкилозирующим спондилитом. Международ-
ный журнал прикладных и фундаментальных 
исследований. 2015;12(6):1048-52. [Martemy-
anov VF, Mozgovaya EE, Bedina  SA. Clinical 
significance of research of the activity of enzymes 
and isozymes of purine metabolism in the blood 
plasma of patients with ankylosing spondylitis. 
Mezhdunarodnyy zhurnal prikladnykh i funda-
mentalnykh issledovaniy. 2015; 12(6):1048-52. 
(In Russ.).]

5. Надеев А.Д., Гончаров Н.В. Активные 
формы кислорода в клетках сердечно-сосу-
дистой системы. Комплексные проблемы сер-
дечно-сосудистых заболеваний. 2014;4:80-94. 
[Nadeev AD, Goncharov NV. Reactive oxygen 
species in the cells of cardiovascular system. 
Kompleksnyye problemy serdechno-sosudistykh 
zabolevaniy 2014; 4:80-94. (In Russ.).] DOI: 
10.17802/2306-1278-2014-4-80-94

6. Насонов Е.Л., ред. Российские клиниче-

ские рекомендации. Ревматология. М.: ГЭО-
ТАР-Медиа, 2017;464. [Nasonov E.L., ed. Rus-
sian Clinical recommendations. Rheumatology. 
M.: GJeOTAR-Media, 2017; 464.  (In Russ.).]

7. Aletaha D, Neogri T, Silman AJ [et al.]. 2010 
Rheumatoid arthritis classification criteria. An 
American College of Rheumatology/European 
League against Rheumatism collaborative initia-
tive. Arthritis Rheum. 2010; 62:2569–81. 	   DOI: 
10.1136/ard.2010.130310. 

8. Angelotti F, Parma A, Cafaro G [et al.]. One 
year in review 2017: pathogenesis of rheumatoid 
arthritis. Clin.Exp.Rheumatol. 2017; 35(3):368-
378.

9. Sur Chowdhury C, Giaglis S, Walker UA [et 
al.]. Enhanced neutrophil extracellular trap gener-
ation in rheumatoid arthritis: analysis of underly-
ing signal transduction pathways and potentialdi-
agnostic utility. Arthritis Res Ther. 2014; 16:R122. 
DOI: 10.1186/ar4579

10. Ma VY, Chan L, Carruthers KJ. Incidence, 
prevalence, costs, and impact on disability of 
common conditions requiring rehabilitation in the 
United States: stroke, spinal cord injury, traumat-
ic brain injury, multiple sclerosis, osteoarthritis, 
rheumatoid arthritis, limb loss, and back pain. 
Arch Phys Med Rehabil. 2014; 95(5):986-995. 
DOI: 10.1016/j.apmr.2013.10.032 

11. Catrina AI, Svensson CI, Malmström V [et 
al.]. Mechanisms lead-ing from systemic autoim-
munity to joint-specific disease inrheumatoid ar-
thritis. Nat Rev Immunol. 2017; 13(2):79-86. DOI: 
10.1038/nrrheum.2016.200.

12. Khandpur R, Carmona-Rivera C, 
Vivekanandan-Giri A [et al.]. NETs are a source 
of citrullinated autoantigens and stimulate in-
flammatory responses in rheumatoid arthritis. Sci 
Transl Med. 2013; 5(178):178ra40. DOI: 10.1126/
scitranslmed.3005580

13. Corsiero E, Bombardieri M, Carlotti E [et 
al.]. Single cell cloning and recombinant mono-
clonal antibodies generation from RA synovial B 
cells reveal frequent targeting of citrullinated his-
tones ofNETs. Ann Rheum Dis. 2016; 75:1866-
75. DOI: 10.1136/annrheumdis-2015-208356.

14. Stoiber W, Obermayer A, Steinbacher P 
[et al.]. The Role of Reactive Oxygen Species 
(ROS) in the Formation of Extracellular Traps 
(ETs) in Humans. Biomolecules. 2015; 5:702-23. 
DOI: 10.3390/biom5020702.	

15. Wright HL, Moots RJ, Edwards SW. The 
multifactorial role of neutrophils in rheumatoid 
arthritis. Nature Reviews Rheumatology.  2014; 
10(10):593-601. DOI: 10.1038/nrrheum.2014.80.

References


