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Background: Rheumatoid Arthritis (RA) is the most common cause of systemic inflammatory arthritis 
which causes joint destruction. The pathogenesis of RA is not fully understood, but it seems imbalance 
between oxidant and antioxidant process, plays a significant role on it. As a result, suppression of 
these mechanisms would be helpful to sub side inflammation and eventually control of the disease 
activity. The aim of this study was to evaluate the level of oxidant and antioxidant and their effects on 
disease activity in RA patients.

Methods: In the following case-control study, we evaluated the levels of Malondialdehyde (MDA) and 
oxidized Low-Density Lipoproteins (ox.LDL) as oxidative factors and Catalase (CAT), Glutathione 
Peroxide (GSH-Px) and Superoxide Dismutase (SOD) as antioxidants. Also Tumor Necrosis Factor (TNF)-
α, Interleukin (IL) 1β and IL6 were measured as inflammatory factors.

Results: 43 RA patients and 43 healthy people were enrolled. Significant differences were found in the 
average levels of MDA, ox.LDL, CAT, GPX, SOD, TNFα, IL1beta and IL6 between two groups (p-
value<0.001), but we did not find any significant differences between two groups of patients based on 
DAS28 (p-value>0.05).

Conclusion: The results of our study showed that there were increased oxidative activities in RA 
patients in comparison to the control group which indicated the presence of inflammatory process 
causing cellular damage in the patients group. As a consequence, adding some antioxidant agents to
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RA treatment might have some advantages for the disease control. Based on our findings, it seems
that the oxidative process did not have any effect on the disease severity. We also suggest further
observational study to confirm the results.
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INTRODUCTION
Rheumatoid Arthritis (RA) is one of the most prevalent chronic 
inflammatory diseases with the incidence of 0.5% to 1%. It 
primarily involves joints, but it could affect all other parts of 
body.

The pathogenesis of RA is not fully understood, but it seems 
that oxidative process and loss of antioxidant defense are 
important in the inflammatory process. Migration of 
neutrophils and other leukocytes from blood vessels to the 
inflammatory area leads to increased secretion of oxidative 
substances and plays a key role in the progression of the RA 
inflammation [1].

Malondialdehyde (MDA) and oxidized Low-Density 
Lipoproteins (ox.LDL) are two of the most measurable 
products of oxidative process and high levels of them in RA 
patients are confirmed in several studies. On the other hand, 
various antioxidant systems such as Glutathione Peroxide 
(GSH-Px), Superoxide Dismutase (SOD) and Catalase (CAT) are 
also active in RA patients. SOD is the first line of defense 
against reactive oxygen species (ROS), catalyzes the 
dismutation of the superoxide anion into hydrogen peroxide. 
CAT, in the next step, transforms hydrogen peroxide into H2O 
and O2. Moreover, GSH-Px as a selenoprotein, oxidizes 
glutathione and reduces lipidic or nonlipidic hydroperoxides 
as well as H2O2.

The inflammatory process in the synovial compartment is 
regulated by a complex cytokine and chemokine network; 
Tumor Necrosis Factor (TNF), Interleukin (IL) 6 and probably 
granulocyte-monocyte colony stimulating factor are essential 
for it. Cytokines and chemokines lead to the induction or 
aggravation of the inflammatory response by activating 
endothelial cells and attracting immune cells to accumulate 
within the synovial compartment [2].

There are so many inconsistencies regarding the role of these 
biomarkers in RA pathogenesis and also their relationship to 
RA severity. Furthermore, the correlation between 
inflammatory markers such as TNF-α, IL1β and IL6 with the 
oxidative process has not been adequately addressed. We 
designed this study to evaluate the level of oxidant and 
antioxidant and inflammatory markers in RA patients and their 
effects on disease activity.

MATERIALS AND METHODS

Materials
Activity assay kits of GSH-Px (D-89075), SOD (K335-100) and 
Catalase (D-89075) from Biocore Diagnosik Ulm GmbH Co

(Germany), BioVision Co (USA) and Biocore Diagnosik Ulm 
GmbH Co (Germany), respectively. Quantity assay kits of 
ox.LDL (10-1143-01), IL1β (850.006.048) and IL6 (860.020.048, 
860.020.096, 860.020.192) from Mercodia Co (Sweden), 
DIACLONE Co (France), DIACLONE Co (France) and DIACLONE 
Co (France), respectively. Quantity assay kits of MDA 
(10009055) and TNF-α (DTA00C) from Cayman Co (USA) and R 
and D SYSTEMS Co (USA), respectively [3].

Methods
Samples: 10 ml of venous blood sample of each patient was 
drawn in the hospital lab. Then, each sample was mixed with 
anticoagulant ethylenediaminetetraacetic acid. The blood 
sample was centrifuged at 2500 × g for 10 min and the serum 
was then separated and aliquoted into tubes. Samples were 
stored at -70°C until assayed [4].

Measuring Markers
MDA: The serum level of MDA was assessed by colorimetric 
method and cayman kit, USA). Microplate reader instrument 
(sunrise model) (Teacan Co, Austria) was applied to determine 
mentioned parameter.

ox.LDL: Quantity level of ox.LDL in rat’s serum was 
determined by ELISA method and Mercodia kit (Sweden). 
Mindray ELISA reader apparatus (MR-96A model, Germany) 
was used to measure related amounts.

CAT: Catalase activity of patient’s serum was assessed by 
activity assay kit of Biocore Diagnostik Ulm GmbH Co 
(Germany) and colorimetric technique. Microplate reader 
instrument (sunrise model) (Teacan Co, Austria) was applied 
to determine mentioned parameter [5].

GSH-Px: Glutathione peroxidase activity of patient’s serum 
was determined by activity assay kit of Biocore Diagnostik 
Ulm GmbH Co (Germany) and colorimetric technique. 
Microplate reader instrument (sunrise model) (Teacan Co, 
Austria) was applied to determine mentioned parameter.

SOD: Superoxide dismutase activity of patient’s serum was 
determined by activity assay kit of BioVision Co (USA) and 
colorimetric technique. Microplate reader instrument (sunrise 
model) (Teacan Co, Austria) was applied to determine 
mentioned parameter.

Interleukins: The serum levels of IL1β and IL6 were assessed 
by ELISA method and immunoenzymometric assay (DIACLONE 
kit, France). All measurements were done using a Mindray 
ELISA reader instrument (MR-96A model, Germany).

TNF-α: The serum levels of TNF-α were assessed by ELISA 
method and  immunoenzymometric  assay  (R and D SYSTEMS
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kit, USA). All measurements were done using a Mindray ELISA 
reader instrument (MR-96A model, Germany) [6].

Study Population
43 RA patients who referred to the rheumatology clinic of 
Imam Khomeini hospital complex in 2017 were chosen as a 
case group. All of RA patients were diagnosed based on 
American College of Rheumatology criteria. 43 healthy people 
who were matched with the case group were selected as a 
control group. The exclusion criteria were smoking (smoking 
longer than past 5 years), alcohol intake (drinking longer than 
past 12 months), using narcotics (any type of narcotic drugs at 
any frequency anytime), hypertension, diabetes mellitus, 
hypothyroidism, hyperthyroidism and any other form of 
inflammatory arthritis except RA, receiving alternative and 
complementary treatments such as ayurveda, homeopathy 
and siddha [7].

This study was approved by ethical committee of Tehran 
university of medical sciences and all participants completed 
the informed consent form.

Data Collection
An expert rheumatologist discussed the study to the patients 
and questionnaires including demographic factors, Disease 
Activity index (DAS28) and global health assessment were 
completed. Both cases and control groups were referred to 
the central endocrinology lab located in Imam Khomeini 
hospital to evaluate the levels of oxidants, antioxidants and 
other inflammatory factors. We used DAS28 to evaluate RA

activity. Patients with DAS28<2.6 were considered in 
remission and above it were grouped as active RA [8].

Data Analysis
The data was analyzed by SPSS, version 15.0. Values are 
expressed as the mean and standard deviation. The 
differences were assessed by T test or Man-Whitney test 
between two groups. Also, p value<0.05 was considered 
statistically significant.

RESULTS
43 patients and 43 healthy volunteer were included in two 
groups of case and control study. The average age of patients 
in the case and control groups was 51.1 and 50.56 
respectively with no statistically significant difference (p-
value=0.8). 6 males and 37 females were enrolled in each 
group [9].

Significant differences were found in the average levels of 
MDA, ox.LDL, CAT, GSH-Px, SOD, TNF-α, IL1β and IL6 between 
the two groups (p-value<0.001). MDA, ox.LDL were higher in 
the case group. The average of antioxidants levels (CAT, GSH-
Px and SOD) were higher in the control group than the case 
group. Also we noticed that levels of inflammatory cytokines 
such as TNF-α, IL1β and IL6, were higher in the patients (Table 
1) [10].

 Variables Groups Mean Standard deviation P-value

MDA (μm/ml) Case 3.21 0.35 0.001

Control 2.74 0.37

Ox.LDL (mu/ml) Case 17.13 0.9 0.001

Control 14.43 1.17

CAT (U/ml) Case 2.15 0.31 0.001

Control 2.48 0.36

GSH-Px (U/ml) Case 84.27 6.79 0.001

Control 90.1 7.06

SOD (U/ml) Case 3.93 0.41 0.001

Control 4.34 0.35

TNF-α (pg/ml) Case 1139.39 73.01 0.001

Control 514.32 44.8

IL1β (pg/ml) Case 644.06 68.54 0.001

Control 410.02 44.58

IL6 (pg/ml) Case 612.69 105.9 0.001
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According to DAS28, 9 patients (20.9%) were in remission and 
others had an active phase of the disease (Table 2). No 
significant differences were found in the average levels of 

Table 2: Comparison of oxidant and antioxidant status between two groups of patients according to 
DAS28, remission and active group.

DAS28 MDA
(μM/ml)

Ox.LDL
(mU/ml)

CAT
(U/ml)

GSH-Px
(U/ml)

SOD
(U/ml)

TNF-α
(pg/ml)

IL1β
(pg/ml)

IL6
(pg/ml)

Remission Mean 14.37 2.4 91.66 4.35 515.74 404.48 405.17 14.37

SD 1.1 0.34 7.16 0.34 44.78 42.01 49.59 1.1

Active Mean 14.51 2.57 88.32 4.34 512.7 416.4 408.25 14.51

SD 1.26 0.37 6.75 0.37 45.87 46.93 48.7 1.26

P-value 0.6 0.7 0.1 0.1 0.9 0.9 0.3 0.8

DISCUSSION
Rheumatoid arthritis is a systemic disorder characterized by 
chronic inflammation in the body. It affects women more than 
men and is more common in ages over 35 years. Rheumatoid 
arthritis is a complex disease with unknown pathophysiology, 
however it is obvious that tissue damages and inflammation 
mostly in the joints lead to arthritis. In RA, the 
polymorphonuclear leukocytes are activated and ROS are 
excessively generated. Studies have shown these ephemeral 
molecules have an important role in the progression of RA.

As we showed before, MDA level as an oxidant marker was 
higher in the case than the control group and this is congruent 
with several studies. We believe that MDA is one of the 
substances produced in the lipid peroxidation process and 
important material to control the function of cell membrane 
enzymes and increase the permeability of the membrane 
which leads to cell destruction, as a result it contributes an 
important role in pathogenesis of RA. More likely it can be 
used as a predictor of RA development.

We found out the same result for another oxidant marker 
which was ox.LDL. The average level of this biomarker was 
higher in the patients group than controls and also in patients 
with active disease than remission. According to our study, it 
appears that these biomarkers are essential for pathogenesis 
and development of RA.

We also showed decreased antioxidant activity in RA patients 
which referred to lack of antioxidant defense in RA patients, 
most of the reports showed low level of GSH-Px in RA patients 
as we found in our study but it has been reported to be high in 
other studies. The reduction of GSH-Px activity in RA 
patients happens during detoxification process because of 
high levels of ROS especially hydrogen peroxide. It is 
associated with saturation of enzymatic antioxidant systems 
and enzymatic inhibition. Lower level of this enzyme in 
patients group could happen due to severity of oxidative

process. Moreover, as we showed, low level of CAT in RA 
patients has been reported because of ROS attack. On the 
other hand there are several controversies about SOD level in 
RA patients and it has been observed to be low in RA patients 
the same as our finding. As a result, we suggest doing more 
studies to establish a definitive role of these markers in RA 
pathophysiology. On the other hand, higher amount of 
inflammatory cytokines such as TNF-α, IL1β and IL6 in the case 
group confirms the relationship between oxidative stress and 
inflammation like another study [11].

We used DAS28 criteria to investigate the effect of 
inflammatory biomarkers in RA severity. However, we 
observed that levels of oxidants were higher in active group 
and also antioxidants were lower remission group but we 
couldn’t find any statistically significant differences between 
two groups. As a result, it seems that severity of RA is not 
affected by the oxidants and antioxidants activity and 
therefore cannot be used as a predictor of RA severity. The 
results of our study were incongruent with other studies. 
According to this finding, we recommend to do more 
observational studies with larger sample size to establish 
more reliable results [12].

CONCLUSION
Among our investigated biomarkers, we concluded that these 
biomarkers are involved in the pathogenesis and development 
of RA by forming an inflammatory process. Therefore, 
effective treatment which targets these markers could be an 
effective method to subside the inflammation. Based on our 
findings, it seems that the oxidative and inflammatory process 
did not have any effect on the severity of the disease. We 
suggest a further interventional study to confirm the results.
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