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Abstract 

Background: Muscle weakness is a common comorbidity of several severe diseases 

which results in a reduced independence and quality of life and for the afflicted patients. 

Patients with rheumatoid arthritis (RA), a disease characterized by a chronic inflammation 

of the joints, commonly report of muscle weakness as a complication. Muscle weakness is 

the result of reduced muscle size and intramuscular impairments (i.e., intrinsic muscle 

dysfunction).  

Methods: In this study, patients with muscle and joint weakness were sub-grouped. 

Thirty-six RA patients (16 males and 20 females) and forty healthy and age matched 

(control) were evaluated for superoxide dismutase (SOD), malondialdehyde (MDA), 

catalase (CAT, and reduced glutathione (GSH) levels using spectrophotometric methods. 

Results: This study shows that the oxidative status affects very well the cellular 

damage of the tissue in RA patients. Rheumatoid arthritis patients showed a higher ROS 

production, the data showed that the mean level of serum MDA of the patient groups is 

significantly higher compared to control group. Whereas the mean level of SOD activity of 

patients group is significantly lower than that of healthy control group in rheumatoid 
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(p<0.05). There are significant differences in the mean levels of serum GSH and CAT of 

patient groups compared to the control groups. This study shows that the oxidative status 

affects very well the cellular damage of the tissues in RA patients. 

Keywords: inflammation, rheumatoid arthritis, antioxidants, joint weakness 

 

1. Introduction 

 Muscle and joint weakness are kind of disease which characterized by a chronic 

inflammation of the joints and typically known as rheumatoid arthritis. Rheumatoid arthritis 

is a symmetrical, chronic, inflammatory autoimmune disease that affects small joints at 

first, and then it spreads to larger joints, and eventually affecting the skin, heart, eyes, 

kidneys and lungs. Joints typically lose their bone and cartilage, which weakens tendons 

and ligaments [1]. All this damage that occurs to the joints makes deformities and bone 

erosion that is typically very painful for the patients. Rheumatoid arthritis (RA) is a disease 

with an average prevalence of about 1% adults [2]. The disease can strike anyone at any age 

and affects women 2 to 3 times more often than men. The peak occurrence of this disease is 

in the sixth decade [3]. In the past, RA was the reason of disability, inability to work, and 

higher mortality rate. latest improvement in outcomes has been gained through a better 

understanding of pathophysiology of RA and progression of better outcome measures and 

medicines. The body damage due to RA is not only limited to joints [4]. In fact, the 

systemic inflammatory environment noticed in RA patients leads them to increase the risk 

of cardiovascular [5[, besides potential damage to several organs, containing, but not only 

limited to, the eyes [6], lungs [7], heart [8], small vessels [9], and skin [10] eventually 

suggesting a larger risk of dying too soon [11].  

 Oxidative stress is a fundamental player in the irritation of chronic inflammatory joint 

disease. Both experimental models and estimations in patients revealed, extra to elevated 

reactive oxygen species (ROS) and lipid formation of peroxidation, a reduction in 
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antioxidant defenses [12]. The participation of oxidative stress has been demonstrated in the 

pathogenesis of inflammatory diseases, such as RA [13]. Reactive oxygen species (ROS) 

and reactive nitrogen species (RNS) are significant categories of molecules produced in 

living systems for cellular metabolism. However, when such reactive species exceeds 

concentrations over the top limit of normal range, they defect cellular components [14]. In 

this way, therapies that reduce oxidants and/or elevate antioxidants are promising of various 

oxidative stresses related inflammatory diseases treatment [15]. RA patients are treated with 

antioxidant vitamins A, E, and C together with formal disease-modifying antirheumatic 

drugs (DMARDs) for 12 weeks indicated minimized levels of MDA and elevated 

concentrations of thiols and decreased glutathione (GSH) and vitamin C concentrations in 

blood of samples [16]. These patients also displayed reduced Rheumatoid Arthritis Disease 

Activity Index (RADAI), proving that the therapy of antioxidant was effective in improving 

both the redox profile and the disease activity in these patients [17]. On the other side, the 

increased consumption of foods rich with antioxidant during 3 months did not change 

plasma antioxidants and urine MDA levels in RA patients. however, the levels of plasma 

retinol showed an opposite correlation with the erythrocyte sedimentation rate (ESR), 

disease activity score (DAS-28), and C-reactive protein (CRP); the vitamin C, a negative 

association with ESR and the health assessment questionnaire (HAQ) score; the levels of 

uric acid, in turn, were inversely correlated with the thrombocyte count, pointing to the 

relationship between levels of serum uric acid and inflammation degree in RA patients [18].  

 The present study was designed to determine the importance of oxidative stress level 

and determining some antioxidant status in the blood of RA patients. Malondialdehyde 

(MDA) level was measured as a marker for oxidative lipid damage because it is the final 

product of lipid peroxidation. Levels of GSH, SOD, and catalase, were also measured in RA 

patients and were compared to healthy controls. 

 

2. Materials and Methods 
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2.1.  Study design  

This research was conducted in the Department of science, Van Yüzüncü Yıl University. 

The study was performed with 36 RA patients (16 males and 20 females) [19]. The control 

group consisted of 40 healthy and age matched individuals (15 males and 25 females). 

Blood samples were taken from patients and healthy individuals, 4 mL of blood was taken 

from an antecubital venous vein and 2 mL of the blood was added to the biochemistry tube 

and the other 2 mL to the EDTA tube.  

 

2.2.  Blood samples 

Thirty-six patients who were diagnosed with rheumatoid arthritis (RA) and 40 healthy 

individuals were selected with age ranging between 21-84 years. The blood samples were 

centrifuged at 45000 rpm for 3 minutes to separate the serums from plasma. The separated 

serums were used to determine the antioxidants superoxide dismutase (SOD), reduced 

glutathione (GSH), catalase enzyme activity (CAT) and malondialdehyde (MDA) levels. 

The control group consisted of men over 50 years of age, who were eligible for the study 

if they had not been diagnosed with cancer throughout their lives and they had had no major 

surgery. 

 

2.3. Determination of superoxide dismutase (SOD) 

Superoxide dismutase activity was determined by using the proposed method of Popov 

et al. SOD accelerates the dismutation of hydrogen peroxide and molecular oxygen of 

superoxide radicals (O2
-•
) formed during the oxidative energy production. The mechanism 

of this method is based on reading the optical density (λmax= 560 nm) of the blue colored 

dye of the nitro blue tetrazolium (N.B.T) that changes due to the superoxide radicals 

generated using xanthine and xanthine oxidase. Inhibition of the formation reaction by the 

SOD that exists in the sample serum by excluding superoxide radicals from the reaction 

[20]. 
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Under the experimental conditions, 1 unit of SOD is the % 50 inhibition of N.B.T reduction 

rate. 

% Inhibition= [(Blank OD – Sample OD) / Blank OD] x 100 

 

2.4.  Determination of Reduced Glutathione (GSH) 

From the hemolysis of EDTA blood, a yellow color was obtained by the reaction of the 

(SH) groups of the reduced glutathione with of 5’, 5’-(dithiobis 2-nitrobenzoic acid) 

(DTNB). The optical density measurements were done at 412 nm wavelength of the 

spectrophotometer. 

Activity (mg/ dL) = [(OD2 – OD1)/ 13600 x 1:25] x 1000 

OD1= Initial absorbance before addition of DTNB at 412 nm. 

OD2= Absorbance after addition of DTNB at 412 nm. 

13600 is the molar extinction coefficient of the yellow color that formed during the 

interaction of GSH and DTNB. 

2.5.  Determination of Catalase (CAT) Activity 

 Hydrogen peroxide was used as a substrate in the determination of serum CAT 

activity. Sterile water was added to a taube and 0.1 mL of enzyme solution in another tube. 

Buffer and substrate solutions were added to both tubes and mixed with a vortex mixer for 3 

minutes. The enzyme activity was determined from the absorbance at 240 nm [21]. 

Activity = (2,3 / Δx) x [(log A1 / log A2)]; 

Activity; Calculated as in U / L. 

Δx = 30 seconds 

2,3 = 1 μmol optical density of H2O2 in 1 cm light path. 

 

2.6. Determination of Malonaldehyde (MDA) Level  
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Malonaldehyde (MDA) is one of the peroxidation products formed when fatty acids and 

free radicals react. MDA levels were measured following the addition of thiobarbituric acid 

to form a colored product.  

About 200 μL of a lavender serum was taken. On top of this, 800 μL of phosphate buffer 

and 25 μL of BHT solution and 500 μl of 30% TCA were added. The tubes were vortexed 

and kept in ice bath for 2 hours after the caps were closed. The tubes were brought to room 

temperature. Then, after the caps of the tubes were removed, they were centrifuged at 2000 

rpm for 15 min. The supernatant (filtrate) obtained from the centrifuge was transferred to 

another tube by taking 1 ml. 75 μL of EDTA and 25 μL of TBA were added to 1 mL of the 

filtrates. The tubes were vortexed and held in a hot water bath for 15 min (70 ° C). Then it 

was brought to room temperature and read absorbance at 532 nm in UV / Vis 

spectrophotometer. 

Concentration (μmol/L) = F x 6.41 x Abs 

Where F is the dilution factor and Abs is the absorbance reading. 

 

3. Results and discussion  

The comparison results for SOD, GSH, CAT and MDA and their descriptive statistics 

are given in Table 1. The groups average differences were found to be statistically 

significant (p <0.05). In accordance, GSH, SOD and CAT levels were significantly lower in 

patients group compared to the control group, while the MDA level was found to be quite 

high. 

 

 

Table 1. Descriptive statistics and comparison results (results of biochemical 

parameters) 
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Group n 

Mean ± Std. 

Deviation P 

SOD (U/L) Patient 36 3.9714±0.4741 0.00112 

Control 40 7.8933±0.2058  

GSH (mmol/L) Patient 36 0.0303±0.0065 0.00137 

Control 40 0.0685±0.0073  

CAT (U/L) Patient 36 0.0686±0.0011 0.00165 

Control 40 0.1356±0.0167  

MDA (mmol/L) Patient 36 11.9972±2.9092 0.00144 

Control 40 5.0653±0.0437  

 

A significant difference in the level of SOD has been observed between the two 

groups (patients and control) (Fig. 1). The mean level of SOD in control group is higher 

than patients group and the comparison between control and patient group level (7.893 ± 

0.2058 U/L and 3.971 ± 0.4741 U/L, respectively), was found to be statistically significant 

(p<0.05).  

 

Fig. 1  Mean of serum SOD (U/L) level for patients and control group 
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The difference between the antioxidant level of GSH between patient group and 

control was found to be significant also.  The RA patients have lower level of GSH 

compared to the control group. The relationship between control and patient group 

glutathione (GSH) reducing enzyme activity results (0.0685±0.00726 μmol/L and 

0.03028±0.00654 μmol/L, respectively) (Table 1), were found to be statistically significant 

(p<0.05).   

 

Fig. 2  Mean serum GSH (µmol/L) activity level for patients and control group 

 

 The antioxidant CAT activity difference between patients and controls is significant 

also and higher catalase activity was observed in control group compared to patients’ group 

(Fig. 3).  
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Fig. 3  Mean serum CAT (U/L) activity level for patient and control group 

 

 Figure 4 shows the level of malondialdehyde activity, which is the end product of 

lipid peroxidation, between control and RA patient. A significant difference was observed 

and clearly shows higher level of MDA activity in RA patients. When malondialdehyde 

(MDA) level was examined (Table 1), it was proved that there was a statistically significant 

relationship (p<0.05) between control and patient group levels (5.065±0.0437 μmol/L and 

11.997±2.9505 μmol/L, respectively). 

 

  Fig. 4  Mean serum MDA (mmol/L) activity level for patient and control group 
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Reactive oxygen species and oxidative stress both have a role in RA pathogenesis [22]. 

Free radicals and other reactive species play a significant role of super oxidant leading to 

oxidation of biomolecules such as proteins, amino acids, lipids and DNA [23], which are 

eventually responsible for injury of cells and death [24]. The main attack are the 

polyunsaturated fatty acids in the membrane lipids leading to lipid peroxidation (LPO) 

which may cause disorganization of cell structure and function. additional decomposition of 

peroxidized lipids produces an extended variety of final-products, including 

malondialdehyde (MDA) [25]. Malondialdehyde (MDA) is one of a significant lipid 

peroxide which is high in RA patients [26]. MDA Measurement is greatly used as an 

indicator of LPO. 

In the present study, lipid peroxidation in terms of MDA production was crucially 

increased in RA patients (Table 1) which might result from increased ROS during chronic 

inflammation. Lipid peroxides are produced at the location of tissue injury due to 

inflammation and it diffuses into blood and can be measured in serum or plasma [27]. 

Studies have reported increased levels of MDA in the plasma, serum and erythrocytes of 

RA patients. In our research SOD levels are greatly increased (Table 1). Superoxide anion 

(O2
-
) has an important role in the pathogenesis of many diseases [28]. It is neutralized by 

SOD to hydrogen peroxide (H2O2). H2O2 is further ended by activity of both glutathione 

peroxidase and catalase. conversion of O2
-
 to H2O2 prevents the creation of harmful 

compound such as peroxynitrile (ONOO
-
) and hydroxyl radical (OH

-
) [29]. The patients 

revealed significantly higher activity of SOD (Table 1).   

 Many studies have reported elevated MDA level in the serum, plasma and synovial 

fluid of RA patients [30]. MDA plays an important role in pathogenesis of RA. There is 

developing awareness that reactive oxygen species and free radicals may play a crucial part 

in rheumatoid arthritis' cellular injury and tissue damage mediation. It was reported that 

malondialdehyde-acetaldehyde (MAA) adduct production is increased in RA [31]. They 
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seem to result in robust antibody reactions which are strongly linked with anti-citrullinated 

protein antigens (ACPAs) suggesting that MAA production may be a cofactor that causes 

tolerance loss, which leads to the autoimmune responses characteristic of RA. But perhaps 

elevated activity of SOD may be attributed to increased production of O2- by hyperactive 

cells leading to enhancing SOD activity [32]. Another possibility may be extreme free 

radical generation through the xanthine-xanthine oxidase system is the basic factors in RA, 

rather than a weakened antioxidant system [33]. Else higher levels of SOD may be a change 

to stop over production of free radical. Post treatment the antioxidants are raised which lead 

to minimize plasma MDA and increased total capacity of antioxidant (TAC) [34]. Extra 

generation of extracellular SOD causes dismutation of superoxide resulting in H2O2 

accumulation as a consequence. Analysis of H2O2 in various settings is being carried out 

and authors conclude, more SOD does not indicate more H2O2 [35]. The generation of H2O2 

because of dismutation of superoxide is restricted by the amount of superoxide, not by the 

rate it is converted to H2O2. superoxide accumulation leads to the oxidation of NO yielding 

peroxynitrite. There more H2O2 is improbably to be toxic as this would amount to replacing 

a very mild cytokine (H2O2) for a powerful (peroxynitrite) [36]. Catalase activity was not 

discovered in serum of RA patients. Our study presented lower activity of catalase in serum 

of RA patients. Lower catalase level may be responsible for high inflammation in RA [37]. 

In the current study, we have noticed an important decrease in the catalase activity in 

rheumatoid arthritis patients compared to controls. Catalase is the enzyme, which protects 

the cells from the buildup of hydrogen peroxide by dismutating it to generate water and 

oxygen or by consuming it as an oxidant in which it serves as a peroxidase [38]. There have 

been similar reports of reduced catalase activity in rheumatoid arthritis by Kerimova et al 

[39]. However, others have discovered an elevation in activity of plasma catalase in patients 

with rheumatoid arthritis when it comes to be compared to controls [40]. Jalili et. al. [41] 

indicated that antioxidants may significantly improve activity of disease but do not 



Journal of Kufa for Chemical Sciences Vol. (2)No.(10) ………………..……….……….Jun 2023  
 

 133 

 

influence the number of swollen and painful joints. Thus, antioxidants may be useful in 

managing of clinical results and oxidative stress in RA patients. 

 

4. Conclusion 

Oxidative stress happened by ROS increases the risk of several disorders, including 

inflammatory diseases, cardiovascular disease, diabetes, cancer, Alzheimer’s disease, 

cataracts, autism and aging. Antioxidants can directly interact with the reactive radicals to 

destroy them by receiving or giving an electron(s) to remove the unpaired radical 

conditions, or they may indirectly decrease the generation of free radicals by restricting the 

activities or limiting of free radical generating enzymes or by intensifying both expressions 

activities and of other antioxidant enzymes.  

In conclusion oxidative stress management may be regarded as RA treatment option along 

with DMARD. Combining catalase and/or GPX with antioxidant supplements may increase 

protection. 
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