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INTRODUCTION 

Rheumatoid arthritis (RA) is a chronic progressive 

inflammatory autoimmune disorder characterized by 

symmetric erosive synovitis and sometimes with multi-

system involvement.1 But the exact mechanism of the 

disease is not fully understood. More so, rheumatoid 

arthritis has no complete cure.2 Previous studies have 

shown that reactive oxygen species (ROS) play a key role 

in the pathogenesis of many diseases including RA.3, 4 

ROS production is normally controlled by a number of 

the body antioxidant defence system. These comprised of 

the enzymatic antioxidant which includes glutathione 

peroxidase (GPx), catalase, superoxide dismutase (SOD), 

glautathione-S-transferase (GST) and glutathione 

reductase (GR), while non- enzymatic antioxidant 

defence which includes retinol (vitamin A), ascorbic acid 

(vitamin C), α-tocopherol (vitamin E) reduced 

glutathione (GSH).5 Imbalance between the antioxidants 

and oxidants which may occur from the excessive 

production of the oxidants or insufficient antioxidant      

defence system may result to oxidative stress.4 ROS if not 
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adequately scavenged can damage a number of 

biomolecules including, DNA, proteins and lipids in joint 

tissues.2, 6 

An epidemiological study suggested that low selenium 

status may be a risk factor for rheumatoid factor- 

negative RA and low alpha-tocopherol status may be a 

risk factor for RA independently of rheumatoid factor 

status.7 Another study suggested that ROS generation can 

be decreased via inhibition of an enzyme (thioredoxin 

reductase) by gold thioglucose in RA.8 Overall there are 

evidences that there is increased state of oxidative stress 

in RA, which proposes the use of antioxidant 

supplementation in such patients. Plasma catalase had 

been reported to be significantly lower in patients with 

RA.9 Another study reported impaired glutathione 

reductase activity in synovial fluid in rheumatoid 

arthritis.10 In active RA and juvenile idiopathic arthritis11 

increased oxidative stress and decreased levels of 

antioxidants have been reported.  

Although etiopathogenesis of RA is yet to be fully 

revealed, nonetheless literatures revealed that reactive 

oxygen species (ROS) play important roles in RA 

pathogenesis.1,8-12 ROS, which can be produced as a 

result of normal aerobic metabolism and whose 

production is increased by active neutrophils during 

inflammation, have attracted increasing attention.13 

Oxidative stress generated within an inflammatory joint 

can produce autoimmune phenomena and connective 

tissue destruction in rheumatoid synovitis.14 It is known 

that neutrophils in the joints are activated by infection 

and inflammation. Activated neutrophils lead to the 

production of ROS like hydrogen peroxide, hydroxyl 

radical and superoxide radical as well as, nitrogen 

containing radicals which in turn causes tissue injury.1,2 

Thus it may be hypothesized that oxidative stress is 

involved in the pathogenesis of RA. In the light of above 

explanation, the present study measured the plasma levels 

of TPP, TAP, OSI, MDA and NO in relation to the titer 

of rheumatoid factor in RA patients and compared with 

controls.  

METHODS 

 The current study was conducted among rheumatoid 

arthritis patients who attended the Rheumatology Clinic 

of a tertiary Hospital at Ibadan, Nigeria. An institutional 

ethical clearance and informed consent was obtained 

from each subject prior to the commencement of the 

study. The study included 28 rheumatoid arthritis patients 

and 28 apparently healthy subjects as controls who were 

matched for age (50-60 years), sex, and socioeconomic 

status.  

Diagnosis of RA patients was done on the basis of 

clinical history such as morning stiffness in and around 

joints, serological investigation like serum rheumatoid 

factor and radiographic changes viz. erosions or 

unequivocal bony decalcification on posterior-anterior 

hands and wrists.15 Those having clinical history of the 

disease such as diabetes mellitus, cardiovascular diseases, 

hypertension, inflammatory diseases and infectious 

diseases were strictly excluded. Also excluded are 

cigarette smokers, alcoholics, and those compulsory 

medication, vitamin and mineral supplementation. 

Anthropometric parameters were estimated using 

standard techniques. Subjects were weighted with 

minimum clothing to the nearest 0.1 kg by using a 

regularly calibrated weighing health scale; model ZT 120 

(manufactured by Seca Gmbh and Co., Germany), while 

the heights were measured by using a calibrated 

Stadiometer, model 220 (manufactured by Seca Gmbh 

and Co., Germany). Body mass index (BMI) for each 

subject was calculated using the following formula: BMI 

(kg/m2)=Body Weight (kg)/Height (m2).   

Blood samples were gotten from the Department of 

Chemical Pathology and Immunology, University 

College Hospital, Ibadan, Nigeria. About 5 ml of venous 

blood samples were collected in bottles containing 

lithium heparin and plasma were processed for 

rheumatoid factor using latex method as described by 

manufacturer. The plasma levels of total peroxide 

potential (TPP), malondialdehyde (MDA), total 

antioxidant potential (TAP), and the level of NO was 

estimated using Griess reagents method.16-19 The ratio of 

the plasma TPP level to the TAP level was regarded as 

the oxidative stress index (OSI). 

Statistics analysis 

All results were expressed as means ±SD. Student’s t-test 

and Spearman’s correlation analysis were performed 

using SPSS for Windows Release 11.0 (SPSS Inc. 

Chicago, Illinois, USA). The P value less than 0.05 was 

considered to be significant. 

RESULTS 

The anthropometric parameters among rheumatoid 

arthritis patients and controls are presented in Figure 1. 

 

Figure 1: Anthropometric parameters among 

rheumatoid arthritis patients and controls. 
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The result indicated that with the exception of mean body 

weight which was significantly higher (90.61±2.02 years) 

in RA patients as compared with controls (77.91±2.51 

years), the mean age, height and body mass index of RA 

patients (55.68±1.05kg, 1.65±0.01m and 33.40±0.83 

kg/m2 respectively) were not significantly different 

compared with the corresponding control values 

(54.07±1.04kg, 1.61±0.02m and 30.44±1.28 kg/m2 

respectively). The result of oxidative stress factors in 

rheumatoid arthritis patients and controls is presented in 

Figure 2.  

 

Figure 2: Oxidative stress factors among rheumatoid 

arthritis patients and controls.  

The result indicated significantly (p<0.01; p<0.001) 

higher plasma TPP (11.43±0.42 mmol Trolox eq/l), OSI 

(1.21±0.08), NO (6.61±0.17mmol/l) and MDA 

(14.43±0.43µmol), while plasma TAP (1.13±0.05µmol 

H2O2) is significantly (p<0.01) lower among RA patients 

compared with normal healthy controls (9.79±0.3 mmol 

Trolox eq/l, 2.03±0.09 µmol H2O2, 0.49±0.04, 4.01±0.12 

mmol/l and 4.71±0.21 µmol respectively). Table 1 shows 

the correlation between oxidative stress biomarkers and 

rheumatoid factors (RF). The result indicated that plasma 

MDA was positively correlated with titer of rheumatoid 

factor in the RA patients. The correlation of TAP with 

TPP, OSI, NO and MDA among rheumatoid arthritis 

patients is presented in Table 2 and Figures 3 to 4. The 

result indicated a significant (r = -610; p<0.001) negative 

correlation between plasma TAP and OSI. Significant (r= 

-0.610; p<0.01) negative correlation was also established 

between plasma TAP and TPP. 

Table 1: Correlation between oxidative stress and 

Rheumatoid Factors (RF).  

Parameter 

 

Titre of RF 

r-value 

TPP (mmol Trolox eq/l) 0.11 

TAP (µmol H2O2) 0.21 

OSI 0.24 

NO (mmol/l) 0.22 

MDA (µmol) 0.76* 
Values are correlation coefficient (r); TPP=total peroxide 

potential; TAP= total antioxidant potential; OSI=oxidative 

stress index; NO=nitric oxide; MDA=malondialdehyde; 

*Significant positive correlation at the 0.01 level. 

Table 2: Correlation of total antioxidant potential 

(Tap) with TPP, OSI, NO, MDA among rheumatoid 

arthritis patients. 

Parameter 

 

Correlation coefficient 

r-value 

TPP (mmol Trolox eq/l) r = - 0.53* 

OSI r = - 610** 

NO (mmol/l) r = 0.344 

MDA (µmol) r = 0.185 
Values are correlation coefficient (r); TPP=total peroxide 

potential; OSI=oxidative stress index; NO=nitric oxide; 

MDA=malondialdehyde;*Significant negative correlation at the 

0.01 level, ** Significant negative correlation at the 0.001 level. 

 

Figure 3:  scatter plot of TPP and tap among 

rheumatoid arthritis patients. 

 

Figure 4:  scatter plot of tap and OSI among 

rheumatoid arthritis patients. 
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oxidative stress biomarkers in plasma of patients that 

tested positive for rheumatoid factor and controls were 
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in RA patients as evidenced by increased total plasma 

peroxide, oxidative stress index, nitric oxide and decrease 

in plasma total antioxidant potential compared with 

controls. 

Polyunsaturated fatty acids present in membrane lipids 

are the main target of attack by ROS leading to the 

formation of lipid hydrogen peroxide (LPO) and 

subsequently generating malondialdehyde (MDA).9 It is 

known that activated inflammatory cells lead to ROS 

production.1,13 and increased ROS, in turn, increase lipid 

peroxidation products and cause tissue injury.1,9 

Hydrogen peroxide and other derivatives of peroxides, 

produced physiologically diffuse into plasma. It is known 

that H2O2 and lipid peroxides increase in RA, therefore 

raised TPP in our RA patients might be the inevitable 

increase in lipid peroxides and ROS including H2O2 in 

RA.2,21 Elevated levels of superoxide radical are produced 

by both the synovial fluids of macrophages and 

neutrophils of rheumatic patients provably because of 

their exposure to cytokines within the synovial fluids.22 

We observed significantly higher levels of NO in RA 

patients compared to controls. Reticular cartilage and 

synovial fibroblasts synthesize substantial amounts of 

nitric oxide and that the cause of inflammation in RA is a 

result of cytotoxic and cytostatic effects of nitric oxide.10 

The increased plasma NO observed in RA patients might 

also be due to enhanced activity of the nitric oxide 

synthase, an enzyme responsible for the formation of 

NO.23 Other studies have also reported similar findings.24, 

25 Therefore increased level of NO expected as shown by 

the present study.  

Depolymerization and peroxidation of hyaluronic acid in 

synovial fluid result into loss of lubricating property of 

the fluid. It has been reported that, it is very important 

consequence of exposure of synovial fluid to superoxide 

and hydrogen peroxide.26 MDA, the product of lipid 

peroxidation reacts with lysine residues in proteins to 

produce immunogenic molecules, which can exacerbate 

inflammation.27 Thus, raised MDA in RA might have a 

direct link with pathogenesis of RA.  Higher serum and 

synovial fluid concentrations of MDA have reported 

among patients with RA.28 In the current study, plasma 

MDA concentration was significantly higher in RA 

patients compared with controls. Our results are in 

agreement with the previous studies, where elevated 

plasma MDA levels were reported among RA patients 

compared to controls. The increased plasma MDA 

concentration in RA patients could be due to excessive 

generation of ROS which progresses in chronic 

inflammation causing tissue damage.2,5,25,29-32 The current 

study demonstrated that plasma MDA was positively 

correlated with titer of rheumatoid factor in the RA 

patients, while plasma TAP was negatively correlated 

with OSI and TPP. The established negative correlations 

observed in the current study suggest that RA patients are 

prone oxidative stress which leads to decreased total 

antioxidant capacity and increased lipid peroxidation 

products (MDA). The resulting oxidant/antioxidant 

imbalance could deleterious leading to tissue damage in 

RA patients. Thus, our results are in keeping with 

possible evidence of increased reactive oxygen/nitrogen 

species generation and tissue damage in RA. Increased 

generation of ROS lead to enhanced lipid peroxidation 

accompanied by elevated MDA concentrations in plasma 

of RA patients.  It can therefore be deduced that, lipid 

peroxidation may play a significant role in the 

pathogenesis of RA. 

CONCLUSION 

The study raise the concept that oxidative stress as 

evidenced by increased MDA, NO, TPP, OSI and 

decreased TAP may play a key role in the pathogenesis of 

RA. The study also indicated a strong relationship 

between oxidative stress and rheumatoid arthritis and 

underscores the role of antioxidants in reducing oxidative 

stress associated with rheumatoid arthritis. 
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