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ABSTRACT

The aim of this study was to assess oxidative status and to
set baseline characteristics for female population with estab-
lished rheumatoid arthritis. Total of 42 patients with rheu-
matoid arthritis and 48 age- and sex-matched controls were
included in the study. Clinical examination was performed
and assessed disease activity. Peripheral blood samples were
used for all the assays. The markers of oxidative stress were
assessed, including plasma levels of index of lipid peroxidation
— thiobarbituric acid reactive substances, hydrogen peroxide,
superoxide anion radical, nitrites and activity of superoxide
dismutase, catalase and reduced glutathione levels as anti-
oxidant parameters. In the patients group, levels of hydrogen
peroxide and index of lipid peroxidation were higher than in
controls. Patients with rheumatoid arthritis had decreased su-
peroxide dismutase and catalase activity compared to healthy
subjects. Interestingly, controls had higher levels of nitrites
compared to patients. Patients showed a marked increase in
reactive oxygen species formation and lipid peroxidation as
well as decrease in the activity of antioxidant defense system
leading to oxidative stress which may contribute to tissue and
cartilage damage and hence to the chronicity of the disease.

Keywords: rheumatoid arthritis, oxidative stress, reac-
tive oxygen species, women
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SAZETAK

Studija ima za cilj da proceni oksidacioni status i utvr-
di osnovne karakteristike Zenske populacije sa dijagnozom
reumato. U istrazivanje je ukljuceno 42 pacijenta sa reuma-
toidnim artritisom i 48 zdrava ispitanika iste starosti i pola.
Uraden je klinicki pregled i procenjena je aktivnost bolesti.
Uzorci periferne krvi su koriséeni za sve testove. Odrediva-
ni su markeri oksidacionog stresa, ukljucujuci plazma kon-
centracije indeksa lipidne peroksidacije, vodonik peroksida,
superoksid anjon radikala, nitrita kao i aktivnost superoksid
dismutaze, katalaze i nivo redukovanog glutationa kao an-
tioksidacionih parametara. Kod pacijenata, nivoi vodonik
peroksida i indeksa lipidne peroksidacije bili su veci nego
u kontrolnoj grupi. Pacijenti sa reumatoidnim artritisom
imali su smanjenu aktivnost superoksid dismutaze i katala-
ze u poredenju sa zdravim osobama. Interesantno, kontrole
su imale vele vrednosti nitrita u poredenju sa pacijentima.
Pacijenti sa reumatoidnim artritisom pokazali su znacajno
povecanje koncentracije reaktivnih kiseonicnih vrsta, kao i
smanjenje aktivnosti antioksidacionog sistema, sto dovodi do
nastanka oksidacionog stresa koji moze doprineti ostecenju
tkiva i hrskavice, a time i hroni¢cnom toku bolesti.

Kljucne reci: reumatoidni artritis, oksidacioni stres, re-
aktivne kiseonicne vrste, Zene
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INTRODUCTION

Rheumatoid arthritis (RA) is systemic autoimmune
disease manifested as erosive polyarthritis with chronic
manner, intermittent acute inflammatory episodes and
extra-articular manifestation (1). It consequently leads to
progressive cartilage and joints damage as well as to dis-
ability (2) and represents a significant burden both for the
individual and for society (3). RA affects almost 1% of the
total population whereby it is characterized by a strong
systemic inflammation with a shortened lifetime and in-
creased mortality (4). Data suggests that the risk to develop
this disease in 3:1 in favor of the female (5) with a signifi-
cant higher disease activity in this population (6).

Oxidative stress and decreased antioxidant sta-
tus are the hallmarks in patients of RA as observed in re-
cent years. It is a dynamic phenomenon involved in the
disease pathogenesis in a complex way. Oxidative stress
represents an imbalance between pro-oxidants and anti-
oxidants in the body in favor of reactive oxygen species
(ROS) (7).

As a response to inflammatory conditions in RA an
ROS overproduction is usually generated from endog-
enous source such as mitochondrial electron transport
chain by the process of oxidative phosphorylation. Gen-
erally, oxygen species in RA have different origin and it
can be produced by activated macrophages in the syno-
vial membrane, by chondrocytes, and also through acti-
vated neutrophils in the synovial cavity (8). Reaction of
ROS production is followed by upregulation of different
enzymes such as NADPH oxidase, nitric oxide synthase
as well xanthine oxidase (9). Thereafter, NADPH oxidase
complex catalyses oxygen reduction to superoxide anion
radicals. Unless the concentration of this ROS is not neu-
tralized by superoxide dismutase it consequently leads to
deadly combination with NO, synthesis of toxic peroxyni-
trite. Components of cartilage and extracellular matrix
are damaged either directly or indirectly by superoxide
anion along with other oxygen and nitrogen radicals by
reducing the synthesis of matrix components such as col-
lagen and proteoglycans (10). In addition, the H,O,-de-
pendent inhibition of proteoglycan synthesis contributes
to cartilage destruction in RA through interfering with
the repairing mechanisms of the proteolytic and oxidative
damages (11).

Increased values od ROS are potentially harmful for
different macromolecules and it may result in impairment
of physiological processes and damage cell membranes,
lipids, proteins and nucleic acids. This leads to fast proton-
ation, - SH group’s depletion, deamination od DNA bases
and lipid peroxidation (12). Afterwards, lipid peroxida-
tion has been implicated in pathogenesis of many diseases
such as cancer, degenerative disease as well inflammatory
disease. It can be measured as thiobarbituric acis reactive
substance (TBARS) and it may play an important role (13).
Increased lipid peroxidation has been reported in various
biological samples of RA patients (14).
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Body has developed an antioxidant defense system in
order to prevent damaging effects of the pro-oxidants and
to protect the cells from oxidative damage. Some common
enzymes involved in the neutralization or elimination of
ROS are superoxide dismutase (SOD), glutathione peroxi-
dase (GSH-Px) and catalase (CAT) as well as glutathione
reductase (GR), glutathione-S-transferase (GST), thiore-
doxin reductase (TR) and heme oxygenase (10). Catalase
and reduced glutathione have affinity to H,O,. Affinity
of CAT increases due to higher values of H,O, (15) while
SOD has mail effect in superoxide anion radical neutral-
ization (10).

RA is a condition with strong influence of both ge-
netic and environmental factors. Accordingly, data avail-
able about this disease and the biochemical aspects in our
population are very minimal, limited and non-compliant.
Regarding, the aim of this study was to assess oxidative sta-
tus and to set baseline characteristics for female popula-
tion with established rheumatoid arthritis.

PATIENTS AND METHODS

Patients

Forty two women with diagnosed rheumatoid arthritis
referred to the outpatient of Internal Clinic, Department
of Rheumatology were included in the study (mean age
54.849.1). The mean disease duration was 12.8+8.0 years
and the mean value of DAS28 was 3.8+1.1 at the moment
of blood sampling. All patients were treated with the stan-
dard treatment protocol methotrexate (15-25mg per week)
and prednisolone (<10mg per day). The diagnose of rheu-
matoid arthritis was established according to Classification
criteria for RA American College of Rheumatology (ACR)/
European League Against Rheumatism (EULAR) 2010. Pa-
tients included in this study did not have history of diabe-
tes, malignancy, inflammatory disease except rheumatoid
arthritis, liver- or renal insufficiency, previous hospitaliza-
tion due to cerebrovascular, cardiovascular disorders and
venous thromboembolism. The patients treated with high
doses of steroids (=10 mg/day, including parenteral admin-
istration) and those treated with biologic therapy were ex-
cluded from the study. The number of swollen and tender
joints of the selected patients was recorded with the help
of a rheumatologist. Disease activity score (DAS28) was
calculated using a universally accepted formula. Addition-
ally, at the time of blood sampling patients were free of any
medication known to influence oxidative balance.

Healthy controls

Forty eight age- and sex-matched subjects (mean age
54.1+6.2) were included in the study as healthy controls
and had a medical investigation to ensure absence of a his-
tory of diabetes, malignancy, inflammatory disease includ-
ing rheumatoid arthritis, liver- or renal insufficiency. As
well as in patients group, controls were free of any medica-
tion known to influence oxidative balance.



Written informed consent was obtained from all par-
ticipants, and the study protocol was approved by the
Ethics Committee of the Clinical Center Kragujevac pri-
or to the onset of the study. The investigation was con-
ducted in accordance with the principles outlined in the
Declaration of Helsinki and principles of Good Clinical
Practice (GCP).

Laboratory analysis

During blood sampling, blood was taken to perform
laboratory analyzes. Biochemical and hematological ana-
lyzes (RF, anti-CCP, ESR, CRP, lipid status, leukocytes, leu-
kocyte formula, fibrinogen, aPTT, PT, INR) for all research
participants were obtained in the Central Laboratory of the
Clinical Center Kragujevac.

Biochemical assays

Blood sampling was obtained in the same manner
for all patients at the Internal Clinic, Department of
Rheumatology, Clinical Center Kragujevac, Serbia.
The examinations were performed in a quiet, air-
conditioned, temperature-controlled room (22-24°C).
Venous blood from all participants was collected
between 8—10 a.m at least a 10-h fast in both patients
and controls. Blood was collected in Vacutainer tubes
containing 0.129 M sodium citrate (BD Vacutainer
Blood Collection System) using 21-gauge polyethylene
catheter for taking blood samples (BD Vacutainer
needles). Blood was centrifuged to separate plasma and
red blood cells (RBCs).

Redox status

Redox status was evaluated spectrophotometrically
by measuring the levels of hydrogen peroxide, superoxide
anion radical, nitrites and index of lipid peroxidation in
plasma. Activities of corresponding antioxidative enzymes
superoxide dismutase, catalase, and reduced glutathione
were measured in erythrocytes in the same manner.

Index of lipid peroxidation (thiobarbituric acid reac-
tive substances)

The degree of lipid peroxidation in plasma was estimat-
ed by measuring of thiobarbituric acid reactive substances
(TBARS) using 0.4 ml 1% thiobarbituric acid (TBA) in 0.05
NaOH mixed with 0.8 ml of plasma, incubated at 100 °C
for 15 min and measured at 530 nm. Distilled water was
used as a blank probe. TBA extract was obtained by com-
bining 0.8 ml plasma and 0.4 ml TCA (trichloroacetic
acid). Thereafter, samples were put on ice for 10 min, and
centrifuged for 15 min at 6000 rpm (16).

Nitrite determination

Nitric oxide (NO) decomposes rapidly to form sta-
ble metabolite nitrite/nitrate products. The method for
detection of the plasma nitrite levels is based on the
Griess reaction. Nitrites (NO,") were determined as
an index of NO production with Griess reagent (forms

purple diazocomplex) (17). 0.1 ml 3 N PCA (perchloric
acid), 0.4 ml 20 mM EDTA (ethylenediaminetetraace-
tic acid), and 0.2 ml plasma were put on ice for 15 min,
then centrifuged 15 min at 6000 rpm. After pouring
off the supernatant, 220 ul K,CO, was added. Nitrites
were measured at 550 nm. Distilled water was used as
a blank probe.

Superoxide anion determination

The level of superoxide anion radical (O,”) was mea-
sured using Nitro Blue Tetrazolium (NBT) reaction in
TRIS-buffer with plasma and read at 550 nm. Distilled wa-
ter was used as a blank probe (18).

Hydrogen peroxide determination

Determination of hydrogen peroxide (H,O,) concen-
tration is based on oxidation of phenol red using hydrogen
peroxide, in reaction catalyzed by enzyme peroxidase from
horse radish (POD) (19). 200 pl sample with 800 pl PRS
(phenol red solution) and 10 ul POD were combined (1:20)
and measured at 610 nm.

Determination of catalase, superoxide dismutase,
and reduced glutathion

Isolated RBCs were washed three times with 3 volumes
ice-cold 0.9 mmol/l NaCl and hemolysates containing
about 50 g Hb/l, prepared according to McCord and Fri-
dovich (20), were used for the determination of catalase
(CAT) activity. Determination of CAT activity was deter-
mined according to Beutler (21). Lysates were diluted with
distilled water (1:7 v/v) and treated with chloroform—etha-
nol (0.6:1 v/v) to remove hemoglobin. Then 50 ul CAT buf-
fer, 100 pl sample, and 1 ml 10 mM H,O, were added to
the samples. Detection was performed at 360 nm. Distilled
water was used as a blank probe. Determination of super-
oxide dismutase (SOD) activity is based on epinephrine
method of Misra and Fridovich (22). A 100 pl lysate and
1 ml carbonate buffer were mixed, and then epinephrine
in a volume of 100 pl was added. Detection was performed
at 470 nm. This method belongs to'negative’ type group of
methods, since it monitors decrease of autoxidation speed
in alkaline medium, which is dependent of O, The level of
reduced glutathione (GSH) concentration was determined
based on GSH oxidation with 5.5-dithiobis-6.2-nitroben-
zoic acid, using Beutler method (23). Measurement of the
absorbance is carried out at a wavelength of maximum ab-
sorption of 420 nm.

Statistical analysis

The statistical analysis was performed using the sta-
tistical package SPSS 20.0 for Windows. The results are
expressed as means + standard deviation of the mean
(SD). The differences between parameters in different
time measurements were assessed by analysis of variance
test with repeated measures and independent samples t-
test as post hoc. The alpha level for significance was set
to p < 0.05.
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Table 1. Baseline characteristics of healthy subjects (controls) and pa-
tients with rheumatoid arthritis

Features of the participants Controls RA patients
Number of patients 48 42
Age (years) 54.15 (6.29) 54.81 (9.05)
Weight (kg) 71.75 (12.04) 72.02 (13.37)
Height (cm) 166 (6) 166 (6)
BMI (kg/m?) 26.13 (3.90) 26.16 (4.87)
Disease duration (years) / 12,81 (7.99)
Number of tender joints / 5(5)
Number of swollen joints / 2 (2)
DAS28 - ESR / 3.75 (1.09)
RF (IU/ml) / 91.50 (71.43)
RE, n (%) / 36 (85.71)
Anti-CCP antibodies (U/ml) / 173.05 (128.68)
Anti-CCP antibodies, n (%) / 40 (95.24)
Menopause (Yes/No) 34/14 31/11
Smokers, n (%)

Current smokers 20 (41.7) 17 (40.5)

Non-smokers 20 (41.7) 19 (45.24)

Past smokers 8(16.6) 6 (14.26)

The values are expressed as means + SD. BMI — Body Mass Index; DAS28
— Disease Activity Score 28; ESR — Erythrocyte Sedimentation Rate; RF
— Rheumatoid factor; anti-CCP — Anticyclic citrullinated polypeptide.

Table 2. Comparison of values of biochemical, hematological and he-
mostatic analysis between healthy subjects (controls) and patients with
rheumatoid arthritis

Parameter Controls RA patients
ESR (mm/h) 13,33 (8,83)** 22,95 (13,50)
CRP (mg/L) 2,54 (2,40)** 11,55 (26,42)
Cholesterol (mmol/L) 6.50 (1.23) 6.06 (1.01)
Triglycerides (mmol/L) 1.5 (0.65) 1.49 (0.62)
HDL (mmol/L) 1.60 (0.30) 1.49 (0.29)
LDL (mmol/L) 4.21 (1.12) 3.81 (0.94)
Leukocytes (10°/L) 6,51 (1,98) 7,58 (3,02)
Neutrophils (10°/L) 3.77 (1.62)* 4.76 (2.69)
Neutrophils (%) 56,95 (6,40)** 61,92 (9,28)
Lymphocytes (%) 32,71 (5,68)** 27,87 (7,79)
Fibrinogen 3.26 (0.52)* 3.55 (0.69)
aPTT 28.16 (3.17) 28.35 (3.12)
PT 11.15 (0.67)** 11.89 (1.95)
INR 1.01 (0.06)** 1.08 (0.2)

The values are expressed as means * SD. Statistical significance between
control and experimental group presented as* (p < 0.05); **(p < 0.01).
ESR — Erythrocyte Sedimentation Rate; CRP — C-reactive protein; HDL
— High-Density Lipoprotein; LDL — Low-density lipoprotein; aPTT — ac-
tivated partial thromboplastin time; PT — prothrombin time; INR — In-
ternational Normalised Ratio.
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RESULTS

Subjects characteristics

Demographic and clinical characteristics of the study pop-
ulation as well as results regarding the presence of traditional
CV-risk factors are presented in Table 1. Thirty six out of 42
patients were RF seropositive and 40 of 42 had anti-CCP anti-
bodies. There wasn't any statistical difference between healthy
controls and patients regarding age, BMI and smoking.

Parameters of laboratory analysis

Patients with RA had higher ESR, CRP, fibrinogen lev-
els as well as values of PT and INR. Furthermore, leuko-
cyte formula showed higher percent of neutrophils and
lower percent of lymphocytes in RA patients compared
to healthy controls. Also, higher value of neutrophils was
noticed in patients. These results can indicate increased
inflammation and changes in hemostatic balance in RA
patients. Results for biochemical, hematological and he-
mostatic analysis are presents in Table 2.

Redox status parameters

The dynamics of oxidative stress parameters (H,0,, O,
NO, and TBARS) in healthy control and patients with rheu-
matoid arthritis are shown in Figure 1, while activities of the an-
tioxidative enzymes (SOD, CAT, GSH) are shown in Figure 2.

Oxidative parameters

Values of hydrogen peroxyde were lower in healthy sub-
jects compared to patients suferring of RA (0.82 + 0.33 vs.
1.05 + 0.41 nmol/min/g wt, respectively; p<0.01) (Fig la).
When it comes to O, values, there was no statistically signifi-
cant difference between controls compared to patients (26.92
+ 5.68 vs. 23.05 + 5.64 nmol/min/g wt, respectively) (Fig 1b).
Values of nitrites were higher in control group relative to pa-
tients with RA (4.98 £ 0.9 vs. 3.83 + 0.52 nmol/min/g wt, re-
spectively; p<0.01) (Fig 1c). Futhermore, the same trend as for
the H,0, was noticed for TBARS. The values were lower in
controls relative to RA patients (1.04 + 0.11 vs. 0.94 + 0.13
umol/min/g wt, respectively; p<0.01) (Fig 1d).

Activity of antioxidant parameters

Activity of CAT was statistically increased in control
group compared to patients (3.39 + 0.58 vs. 3.10 + 0.51 U/
gHbx10?, respectively; p<0.05) (Fig 2a). The same trend
was noticed in SOD activity with statistically higher values
in controls relative to RA group (23.57 + 5.27 vs. 13.95 +
5.80 U/gHbx10? respectively; p<0.05) (Fig 2b). Values of
GSH were not statistically different between controls and
patients (75071.02 + 8616.41 vs. 69814.68 + 8503.38 nmol/
ml RBCs, respectively) (Fig 2c).

Correlation

There was no correlation between the measurements of
the serum oxidative stress markers and antioxidant capac-
ity and diseases duration, DAS28, CRP, ESR, fibrinogen,
the values of RF, anti- CCP antibodies.



DISCUSSION

In addition, it is well known that a pro-inflammatory
mediator such as cytokines and prostaglandins plays an
important role in the RA pathogenesis. However there is

strong evidence that oxidative stress has additional impact
through the overproduction of ROS at inflammation sites.
Oxidative stress occurs either due to the overproduction
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of oxidants or their elimination weakness by antioxidant
defense system. In this study, balance of pro-oxidative and
oxidative parameters was assayed to gain insight into the
oxidative stress status in RA.

Previously, it has been shown that NO values were sta-
tistically higher in patients with RA compared with healthy
controls (1) (8) NO is a reactive nitrogen species produced
mainly by macrophages and it is an important component of
the oxidative burst during inflammation and autoimmunity.
Interestingly, in our study; statistically higher values of nitrites
were noticed in healthy control compared to patients suf-
fering of RA (Fig 1c). Some of possible explanation for these
results is in the fact that combined NO and superoxide an-
ion radical can induce deadly peroxynitrite formation. Nitric
oxide (NO) is produced by the deamination of L-arginine
from nitric oxide synthase. This oxide reacts with superoxide
radical in favor of peroxynitrite production (24). In our study
we noticed lower values of O, in patients compared to con-
trol group without statistical significance (Fig 1b). This can
be result of the previously mentioned peroxynitrite synthesis
due to primary higher values of NO and O, in RA patients
that induced reaction between themselves and reduce O,
and NO levels. O, has a half-life of 10° of a second, and NO
molecules last for few seconds, both of which support this
possibility (25). Furthermore, it is quite possible that the high-
est values of NO is in inflammation is in situ on the original
place of inflammation origin, in joints. It has been found that
one more important source of NO were articular chondro-
cytes and synovial fibroblasts. During chronic inflammation
in affected joints, different type of cells such as neutrophils,
lymphocytes, mast cells and macrophages could result with
increased production of NO (1). Kundu et al showed higher
concentration of NO in different biological fluids. The levels
of intracellular NO were 1.56 times higher in isolated mono-
cytes from the blood of RA patients relative to healthy as well
as in monocytes of the synovial infiltrate (12). Increased levels
of the marker molecule for peroxynitrite, nitrotyrosine, were
found in synovial fluid samples from rheumatoid patients
(24). During long-term of disease duration and high disease
activity measured as DAS28 it is possible that in the place of
ROS origin in inflammated joint there is strong and fast re-
action between NO and O, and production of peroxynitrite.
But, that remains unknown considering that in our study we
didn’t measure values of this radical.

The primary targets of ROS are double bonds in polyun-
saturated fatty acids in the cell membrane, which increase
lipid peroxidation (LPO) and result in more oxidative dam-
age. Deleterious by-product is generated by oxidative dam-
age mediated by ROS as well as a thiobarbituric acid reac-
tive substance (TBARS), malondialdehyde (MDA) which
leads to synthesis of various adducts with protein induc-
ing pathogenic antibodies and tissue damage in patients
with RA. MDA has been reported as a primary biomarker
of free radical induced lipid damage and oxidative stress
(26). Increased LPO has been shown in previous studies
confirming the presence of oxidative stress in rheumatoid
arthritis. Vasanthi et al showed statistically higher values
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of MDA in patients compared to control group (1). Desai
and coworkers pointed out that mean level of blood malo-
ndialdehyde (in nmol/ml) in controls was lower compared
to cases (27). Large number of previous studies indicated
increased levels of MDA in RA patients relative to healthy
subjects in different biological fluids (14, 28, 29). Pasupathi
et al showed that level of plasma and erythrocyte thiobar-
bituric acid reactive substances (TBARS) was markedly
increased in the rheumatoid arthritis patients when com-
pared to control subjects (30) as well as Veselinovic et al
(31) who correlate with our study.

In our study values of H,O, were statistically increased
in patients compared to controls (Fig 1a). That follows de-
creased CAT activity in RA patients due to detoxified con-
centration of H,O, by CAT. Several studies in patients with
RA documented evidence of increased values of H,O, lev-
els compared to healthy control. Veselinovic and cowork-
ers noticed higher serum concentrations in RA patients
compared to healthy subjects that correlate with our re-
sults (31). The higher values of H,O, were noticed in previ-
ous study by Khojah et al (8).

In our study, statistically higher SOD and CAT activ-
ity as antioxidant defense system enzymes was noticed in
controls as well as higher values of GSH without statistic
significance in the same group (Fig 2a-c). These enzymes
have an important function in antioxidant defense system.
Catalase has a different role in physiological and patho-
logical conditions. Under physiological condition, catalase
has low affinity for H,O, (compared to glutathione peroxi-
dase) but CAT affinity increases due to increased concen-
tration of H,0, (15). Glutathione peroxidase uses reduced
glutathione as hydrogen donor for metabolizing H,0O, to
water. In addition, previous findings promoted glutathione
(GSH), the main thiol antioxidant, as an important anti-
inflammatory mediator (32). Two enzymes of antioxidative
protection, gluthathione peroxidase and catalase are very
important in metabolism regulation of hydrogen peroxide
which in excess can cause damage to DNA, RNA and lip-
ids. The role of SOD is in superoxide anion neutralization
one of the mail ROS involved in inflammation (10).

Futhermore, SOD and CAT activity was higher in
healthy subjects relative to patients (Fig 2 a-b). The same
trend was noticed in Feijéo and coworkers research. In
control group there were higher SOD and CAT activity
compared to RA patients (7). Likewise, higher activity of
SOD and CAT followed by decreased level of pro-oxidative
parameters in healthy control compared to RA patients
were noticed in other studies (14, 26, 27) that correlate to
our results. In previous studies values of GSH were higher
in control group compared to RA patients (7, 14, 26, 27).
But, our results showed correlation with Cimen and co-
workers study. They showed unchanged values of GSH in
controls compared to RA patients (33).

Our results are in agreement with other recent stud-
ies that indicate that oxidative stress generated within an
inflamed joint can produce connective tissue destruction
leading to joint and periarticular deformities in RA.



CONCLUSION

This study confirmed that redox status in RA patients
is changed and that antioxidant defense system is com-
promised in these patients. There is a shift in the oxidant/
antioxidant balance in favor of lipid peroxidation, A
marked increase in ROS formation and lipid peroxidation
as well as decrease in the activity of antioxidant defense
system can lead to oxidative stress which may contribute to
the tissue and cartilage damage observed in RA and hence
to the chronicity of the disease. These results may suggest a
potential benefit from exogenous antioxidant supplements
in women with RA.

REFERENCES

1. Vasanthi P, Nalini G, Rajasekhar G. Status of oxidative
stress in rheumatoid arthritis. Int ] Rheum Dis 2009;
12(1): 29-33. DOI: 10.1111/j.1756-185X.2009.01375 x.

2. Smolen JS, Aletaha D, Mclnnes IB. Rheumatoid arthri-
tis. Lancet. 2016; 388(10055): 2023-38. DOL: 10.1016/
S0140-6736(16)30173-8.

3. Cross M, Smith E, Hoy D, et al. The global burden of
rheumatoid arthritis: estimates from the global bur-
den of disease 2010 study. Ann Rheum Dis 2014; 73(7):
1316-22. DOL: 10.1136/annrheumdis-2013-204627.

4. Ungurianu A, Margina D, Gradinaru D, Bacanu C, Ilie
M, Tsitsimpikou C, Tsarouhas K, Spandidos DA, Tsat-
sakis AM. Lipoprotein redox status evaluation as a
marker of cardiovascular disease risk in patients with
inflammatory disease. Mol Med Rep 2017; 15(1): 256-
62. DOI: 10.3892/mmr.2016.5972.

5. Oliver JE, Silman AJ. Why are women predisposed to
autoimmune rheumatic diseases? Arthritis Res Ther
2009; 11(5): 252. DOI: 10.1186/ar2825.

6. Sokka T, Toloza S, Cutolo M et al. Women, men, and
rheumatoid arthritis: analyses of disease activity, dis-
ease characteristics, and treatments in the QUEST-
RA study. Arthritis Res Ther 2009; 11(1): R7. DOL:
10.1186/ar2591.

7. Feijéo M, Tunez [, Ruiz A, Tasset I, Muiioz E, Collantes
E. Oxidative stress biomarkers as indicator of chronic
inflammatory joint diseases stage. Reumatol Clin 2010;
6(2): 91-4. DOI: 10.1016/j.reuma.2008.12.016.

8. Khojah HM, Ahmed S, Abdel-Rahman MS, Hamza
AB. Reactive oxygen and nitrogen species in patients
with rheumatoid arthritis as potential biomarkers for
disease activity and the role of antioxidants. Free Radic
Biol Med 2016; 97: 285-91. DOI: 10.1016/j.freerad-
biomed.2016.06.020.

9. Vaya J. Exogenous markers for the characterization
of human diseases associated with oxidative stress.
Biochimie 2013; 95(3): 578-84. DOIL 10.1016/j.bio-
chi.2012.03.005.

10. Mateen S, Moin S, Zafar A, Khan AQ. Redox signal-
ing in rheumatoid arthritis and the preventive role of

polyphenols. Clin Chim Acta 2016; 463: 4-10. DOL:
10.1016/j.cca.2016.10.007

11. Bates EJ, Lowther DA, Handley CJ. Oxygen free-rad-
icals mediate an inhibition of proteoglycan synthesis
in cultured articular cartilage. Ann Rheum Dis. 1984;
43(3): 462-9. DOLI: 10.1136/ard.43.3.462

12. Kundu S, Ghosh P, Datta S, Ghosh A, Chattopadhyay S,
Chatterjee M. Oxidative stress as a potential biomarker
for determining disease activity in patients with rheu-
matoid arthritis. Free Radic Res 2012; 46(12): 1482-9.
DOI: 10.3109/10715762.2012.727991.

13. Tiku ML, Shah R, Allison GT. Evidence linking chon-
drocyte lipid peroxidation to cartilage matrix protein
degradation. Possible role in cartilage aging and the
pathogenesis of osteoarthritis. ] Biol Chem 2000: 275:
20069-76. DOLI: 10.1074/jbc.M907604199

14. Mateen S, Moin S, Khan AQ, Zafar A, Fatima N. In-
creased Reactive Oxygen Species Formation and Oxi-
dative Stress in Rheumatoid Arthritis. PLoS One 2016;
11(4): €0152925. DOL: 10.1371/journal.pone.0152925.

15. Kalpakcioglu B, Senel K. The interrelation of glutathi-
one reductase, catalase, glutathione peroxidase, su-
peroxide dismutase, and glucose-6-phosphate in the
pathogenesis of rheumatoid arthritis. Clin Rheumatol
2008; 27(2): 141-5. DOI: 10.1007/s10067-007-0746-3

16. Ohkawa H, Ohishi N, Yagi K. Assay for lipid perox-
ides in animal tissues by thiobarbituric acid reaction.
Anal Biochem 1979; 95: 351-8. DOI: 10.1016/0003-
2697(79)90738-3.

17. Green LC, Wagner DA, Glogowski J, Skipper PI, Wish-
nok JS, Tannenbaum SR. Analysis of nitrate, nitrite and
[15N] nitrate in biological fluids. Anal Biochem 1982;
126: 131-8. DOI: 10.1016/0003-2697(82)90118-x.

18. Auclair C, Voisin E. Nitrobluetetrazolium reduction.
In: Greenwald RA (ed) Handbook of methods for oxy-
gen radical research. CRP Press, Boca Raton 1985: pp
123-32.

19. Pick E, Keisari Y. A simple colometric method for the
measurement of hydrogen peroxide by cells in culture.
J Immunol Methods 1980;38: 161-70.

20. McCord JM, Fridovich I. The utility of superoxide dis-
mutase in studying free radical reactions. I. Radicals
generated by the interaction of sulfite, dimethyl sulfox-
ide, and oxygen. ] Biol Chem 1969; , 244: 6056—63.

21. Beutler E. Catalase. In: Beutler E (ed) Red cell metabo-
lism, a manual of biochemical methods. Grune and
Stratton, New York 1982, pp 105-6.

22. Misra HP, Fridovich I. The role of superoxide anion in
the autoxidation of epinephrine and a simple assay for
superoxidedismutase. ] BiolChem 1972; 247: 3170-5.

23. Beutler E. Reduced glutathione (GSH). In: Beutler E (ed)
Red cell metabolism, a manual of biochemical methods.
Grune and Stratton, New York 1975, pp 112—4.

24. Bauerova K, Bezek A. Role of reactive oxygen and ni-
trogen species in etiopathogenesis of rheumatoid ar-
thritis. Gen Physiol Biophys 1999; 18 Spec No: 15-20.
DOI: 10.1007/978-3-642-18619-6.

35



25.

26.

27.

28.

29.

36

Ristic P, Srejovic I, Nikolic T, Stojic I, Ristic D, Zivkovic
V, Jakovljevic VL. The effects of zofenopril on cardiac
function and pro-oxidative parameters in the strepto-
zotocin-induced diabetic rat heart. Mol Cell Biochem
2017; , 426(1-2): 183-93. DOI: 10.1007/s11010-016-
2890-z

Shah D, Wanchu A, Bhatnagar A. Interaction between
oxidative stress and chemokines: possible pathogenic
role in systemic lupus erythematosus and rheumatoid
arthritis. Immunobiology 2011; 216(9): 1010-7. DOL:
10.1016/j.imbio.2011.04.001.

Desai PB, Manjunath S, Kadi S, Chetana K, Vanishree
J. Oxidative stress and enzymatic antioxidant status in
rheumatoid arthritis: a case control study. Eur Rev Med
Pharmacol Sci 2010; 14(11): 959-67.

Jaswal S, Mehta HC, Sood AK, Kaur J. Antioxidant
status in rheumatoid arthritis and role of antioxidant
therapy. Clin Chim Acta 2003; 338(1-2): 123-9. DOL
org/10.1016/j.cccn.2003.08.011

Sarban S, Kocyigit A, Yazar M, Isikan UE. Plasma
total antioxidant capacity, lipid peroxidation, and
erythrocyte antioxidant enzyme activities in patients
with rheumatoid arthritis and osteoarthritis. Clin
Biochem 2005; 38(11): 981-6. DOI: 10.1016/j.clinbio-
chem.2005.08.003.

30. Pasupathi P, Deepa M, Rani P, Sankar RR. Circulating

31.

lipid peroxidation, plasma and erythrocyte antioxidant
status in patients with rheumatoid arthritis. Bangladesh
Med Res Counc Bull 2009; 35(2): 57-62. DOI:10.3329/
bmrcb.v35i2.2798

Veselinovic M, Barudzic N, Vuletic M, Zivkovic V,
Tomic-Lucic A, Djuric D, Jakovljevic V. Oxidative
stress in rheumatoid arthritis patients: relationship
to diseases activity. Mol Cell Biochem 2014; 391(1-2):
225-32. DOLI: 10.1007/s11010-014-2006-6.

32. Al Arfaj AS, Chowdhary AR, Khalil N, Ali R. Immu-

33.

nogenicity of singlet oxygen modified human DNA:
implications for anti-DNA antibodies in systemic lupus
erythematosus. Clin. Immunol 2007; 124: 83-9. DOL
org/10.1016/j.clim.2007.03.548

Cimen MY, Cimen OB, Kacmaz M, Ozturk HS, Yorgan-
cioglu R, Durak I. Oxidant/antioxidant status of the eryth-
rocytes from patients with rheumatoid arthritis. Clin
Rheumatol 2000; 19(4): 275-7. DOI:10.1007/pl00011172

34.Prevoo ML, van’t Hof MA, Kuper HH, van Leeuwen

MA, van de Putte LB, van Riel PL. Modified disease ac-
tivity scores that include twenty-eight-joint counts. De-
velopment and validation in a prospective longitudinal
study of patients with rheumatoid arthritis. Arthritis
Rheum. 1995; 38(1): 44-8. DOI:10.1002/art.1780380107





