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Abstract 
Background: Rheumatoid arthritis (RA) is an autoimmune disorder, occurs when there are 

attacks of the immune system on body’s tissues especially the joint, causing a painful, 

swelling, that finally results in bone deformity, increased free radical level in defect joint and 

reduce the level of the antioxidant system can cause tissue damage. Serum C-reactive protein 

(CRP) can be estimated as an index of the pathogen in RA.A chronic inflammatory case as in 

RA is probable to change magnesium, calcium and phosphorus level in the serum.  

Objective: To study the impact of elevated level of NO in serum of RA as a free radical 

involved in pathogens of arthritis and the role of CRP as an indicator for inflammation. With 

changes in the level of serum magnesium, calcium, and phosphors in patient with RA. 

Patients and Methods: Forty patient with RA were studied and then compared with the 

same number of healthy subjects. Nitrite was estimated by Griess reaction using VCL3 as a 

reducing agent by spectrophotometer at 540nm. CRP was detected by using Avitex-CRP kit 

and serum levels of Ca, Mg, and P was measured by fully automated random-access 

biochemistry analyzer (Cobas Integra 400 plus). 

Results: In our study, it was found that the mean NO levels were 77.33±6.37 in RA and 

26.678±3.637 in healthy subjects, significant at p<0.0001. CRP test was found to be positive in 

34/40 cases of RA and none of the controls. The Mg and Ca level were less than normal and 

significances higher change in P level. 

Conclusion: Our result finding that there is a close relation between oxidative stress and RA, 

in addition to CRP as a marker for inflammation, Mg, Ca and P level can be studied for the 

preferabletherapeutic management of RA. 
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Introduction

   Rheumatoid arthritis is an autoimmune 

disease that influences the Synovial joint 

which is characterized by erosive synovitis, 

that leads to damaging the cartilage and 

bones as well as systemic complications, 

including cardiovascular, pulmonary, 

psychological, and various skeletal problems 

[1]. RA significantly lowers patient’s 

functional capacity, raises the morbidity and 

mortality rates, and results in significant 

costs to the health and social care systems 

[2]. The prevalence of RA in the worldwide 

population is about 1% and female are a lot 

of affected than male [3].Although 
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individuals of any age can be affected but the 

onset is more recurrent in 40’s or 50’s. The 

exact reason of RA remains unknown [4]. At 

this time some of the theories of pathogenesis 

of RA include the autoimmune reactions, 

mediators of tissue injury, genetic 

susceptibility, and or triggering antigens[5]. 

   Nitric oxide (NO) is a small molecule 

produced endogenously that has serious 

functions in cellular signaling and take part 

in diverse physiological processes. Opposite 

biological effectscan be expected from (NO), 

depending upon various environmental and 

pathophysiological situations[6]. 

   Autoimmune phenomena and damage of 

connective tissue within the synovial joint 

can be resulted from oxidative stress formed 

within inflamed joint. Radical species that 

possess oxidative activity, which include 

reactive nitrogen species (RNS) and reactive 

oxygen species (ROS), mediate and cause 

cartilage damage[7]. At the location of 

synovial inflammation, NO mediates various 

cell functions, including signal transduction, 

mitochondrial function, and apoptosis[8]. NO 

has arisen as significant mediator inRA 

synovium. It has been demonstrated that 

patients with RA, ankylosing spondylitis, and 

osteoarthritis have high levels of NO 

synovial fluid and blood serum [9]. 

   Hepatocytes synthesize an acute phase 

protein called CRP to counter 

proinflammatory cytokines in particular IL-6. 

It has been consideredvery importantin RA as 

an inflammatory marker and it is been 

proposed to mediate part of the complement 

activation in RA[10]. 

Magnesium (Mg) is one of the most 

significant micronutrients for human health 

and is highly associated with immune 

responses[11]. Mg levels are altered in 

chronic inflammations and low level of Mg 

have been suggested to be marker of RA[12]. 

In human studies, individuals with decreased 

intake of Mg were linked to elevated CRP 

levels[13]. 

  The calcium role is not clear in RA, 

however, the relationship between calcium, 

vitamin D, and parathyroid hormone suggests 

the possible role of calcium in RA and there 

is a change in mineral within bone which are 

calcium, and phosphorus [14]. Changes in 

lipid profile have been observed in different 

inflammatory disease such as RA [15]. RA 

patients are in increased risks of 

atherosclerosis and cardiovascular diseases 

(CVD) than the overall population [16]. 

   This study was aimed to study NO level as 

a marker of oxidative stress in patients with 

RA and to correlate it and the possible 

changes in CRP in serum, as well as the 

changes in Mg, Ca, and P level in recently 

diagnosed RA patients compared to healthy 

subjects. 

Patients and Methods 

 Subjectsand Samples 

  The data in this article has been collected 

from Rizgari Hospital. The sample was taken 

from a group of 40 patients with RA (15 

male and 25 female), age (45-70 years). The 

control was diagnosed if they having any 

diseases such as diabetes, infectious diseases. 

RA was diagnosis based on clinical histories 

such as ESR and rheumatoid factor. The 
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patient who fulfill with American 

Rheumatism Association (ARA). 

   To estimate NO, CRP, calcium, 

magnesium, and phosphorus, 10 ml was 

drawn from forearm vein for both controls 

and patients. The collected blood samples 

were allowed time to form a clot at room 

temperature and then centrifuged for 10 

minutes at 3000rpm. The separated serums 

were drawn and divided into three parts. 

Finally, the separated serums were kept in a 

deep-freezing atmosphere (-18°C) until they 

are utilized. 

Instruments 

  Different instruments have been used for 

this study including spectrophotometer 

(LKB, Model 4050), centrifuge Centra 4, 

International (IEC), Cobas Integra 400 Plus 

and analytical balance. 

Chemicals 

   All the common laboratory chemicals and 

reagents used in this study were of 

analargradeunles,purchase from (Merk), 

Analar ethanol, Griess reagent, vanadium 

(111) chloride, sodium nitrite,Avitex-CRP 

kit, 5-nitro-5-methyl-BAPTA (NM-BAPTA), 

EDTA, Chlorophosphonazo-III, ammonium 

molybate, sulphuric acid, EGTA(ethylene-

glycol-tetraacetic-acid), and 

sodiumhydroxide. 

Measurement of Serum NO 

   Serum NO evaluated by Griess reaction, 

Griess reaction is based on the principle that, 

in an oxygenated solution, NO decomposes 

to form nitrite (NO2-) and nitrate (NO3-). 

The only steady product formed by 

spontaneous auto-oxidation of NO in 

oxygenated solutions is nitrite (NO2-). Nitrite 

reacts with sulfanilamide and heterocyclic 

amine of naphthylene-ethylene-diamine 

(Griess reagent) under conditions of low pH 

to form a magenta colored azo dye that can 

be measured by the spectrophotometer at 540 

nm [17]. Ethanol was cooled at an average of 

1:2 v/v (0 °C) and was added to the serum 

samples, which were then vortexed and 

deproteinized. The collected samples were 

centrifuged for 5 minutes at 14000rpm, 

following a 30-minute incubation at 0 °C. 

   The supernatant was used for the 

measurement of NO. Vanadium (III) Cl 

(reducing agent) was injected into the 

supernatant and the measurement of NO, 

produced as a result of the reduction of 

nitrate, to nitrite, Griess reagent was added 

into the mixture. Then they mixed well by 

vortexing for about 2 minutes. This sodium 

nitrite reacts with Griess reagent [18].  

   Finally, the absorbance of the product 

spectrometrically reads by using a 540nm 

filter.  The nitric oxide concentration in 

serum sample was determined from standard 

curve established by 0 to 120µmol/L of 

sodium nitrite by taking OD of the serum 

sample [19]. 

Detection of CRP 

   To detect CRP in the serum of the patient 

with RA and control, agglutination test was 

done by using Avitex-CRP kit. Avitex-CRP 

latex partials are coated with human 

antibodies. clear agglutination will be visible 

on the slide when the Avitex-CRP is mixed 

with serum and when there is a high level of 

CRP. The test is measured as negative when 
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the CRP concentration in serum is less than 6 

mg/liter and positive when the CRP serum 

concentration is more than 6 mg/Liter [20]. 

Estimation of Calcium 

   Calcium ions react with 5-nitro-5-methyl-

BAPTA (NM-BAPTA) under alkaline 

conditions to produce a complex. This 

complex reacts in the later step with EDTA. 

The alteration in absorbance is directly 

proportional to the calcium level and is 

measured photometrically. The Cobas Integra 

400 Plus system automatically calculates the 

analyte concentration of every sample [21]. 

Estimation of Phosphorus 

   Ammonium molybate combines with 

phosphate in present of sulphuric acid to 

produce a phosphomolybate complex. The 

absorbency increase is directly proportionate 

to the phosphate concentration. The Cobas 

Integra 400 Plus system automatically 

calculates the analyte concentration of each 

sample [22]. 

Estimation of Magnesium 

   Chlorophosphonazo-III (CPZIII) binds to 

magnesium and causes an absorbance raise at 

659 nm. Egtazic acid (EGTA) is used to 

inhibit bindings of calcium to CPZIII. Mg++ 

+ CPZIII pH 7.5 > Mg-CPZIII complex. 

Nonspecific absorbance interferences are 

decreased by the addition of EDTA 

(ethylenediaminetetraacetic acid), which 

removes magnesium from the magnesium-

CPZIII complex and permit for a precise 

sample blank measurement. 

Mg + CPZIII complex + EDTA at pH 7.5 → 

Mg-EDTA + CPZIII. 

   The variation in absorbance between the 

magnesium-CPZIII complex and the EDTA 

treated complex is the absorbance due to 

magnesium only. The analyte concentration 

of each sample automatically calculates by 

the Cobas Integra 400-plus system [23]. 

Statistical analysis 

   Statistical analysis was done by using 

student t-test to compare between the two 

groups which performed by GraphPad Prism 

6 (GraphPad Software) with the level of 

significance set at p<0.05. The data of this 

study were given as mean ± standard 

deviation. 

Results  

  Forty patients (15 male and 25 female) were 

diagnosed with rheumatoid arthritis at 

Rizgari hospital with 40 healthy people who 

represent controls. 

Age and Sex 

   In this study patient with RA belonged to 

the age group of 45-70 years. Among patients 

of RA 15 patients were males and 25 were 

females as shown in table 1. The mean±SD 

of age in males was 53.35±8.14 and the 

mean±SD of the female was 55±11.3. 

Serum level of NO 

   Serum level of NO (µmole/L) of arthritis 

patient and control are shown in figure 1. The 

mean value of serum NO in RA subjects was 

found to be 77.733±6.370 and that of the 

controls was 26.678±3.637. The variance in 

the mean value was statistically significant at 

p< 0.0001. 

Serum CRP Levels 

  Detection of CRP in the subjects with and 

without RA are given in table 2, in the 
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present study 34 of 40 samples of RA were 

detected to be positive to CRP test while the 

whole of the subjects without RA was 

negative for the same test. 

 Table (3)and Figure 2 shows Mg, Ca and 

Phosphorus levels in (mg/dl) of patients with 

RA and control. Serum levels of magnesium 

and calcium were decreased (1.2598±0.3829 

and 7.088±0.306, respectively) compared 

with control (2.5075±0.6776 and 

8.410±0.338, respectively) while 

phosphorous levels were significantly 

increased in RA group (4.230±0.430) in 

comparison to control group (2.575±0.437).

Table (1): Gender and age of rheumatoid patients (Mean ±SD). 

CasesNo. =40 

Sex (male/female) 15/25 

Age (years) 

Male 53.35 ± 8.14 

Female 55 ± 11.3 

 

 
Figure (1): Levels of serum NO in patients with RA and Controls (Mean ±SD). 

 

Table (2):Detection of CRP in serum from subjects with and without RA. 

Groups for CRP No. of cases No. of positive cases 

RA patients 40 34 

Controls 40 NIL 

 

Table (3): Serum level of Mg, Ca and Phosphorus(Mean ±SD). 

Parameters Subjects with RA Subjects without RA p-value 

Magnesium (mg/dl) 1.2598± 0.3829 2.5075 ± 0.6776 <0.0001* 

Calcium (mg/dl) 7.088 ± 0.306 8.410 ± 0.338 <0.0001* 

Phosphorus (mg/dl) 4.230 ± 0.430 2.575 ±0.437 <0.0001* 
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Figure (2):Serum levels of some minerals in subjects with and without RA. 

 

Discussion 

   Nitric oxide is a singling molecule in 

numerous physiological and pathological 

processes. NO has a role in blood vessels 

dilation, raising blood supply and dropping 

blood pressure, its known as an endothelium-

derived relaxing agent [24]. NO synthesized 

via several nitric oxide building enzymes 

from L-arginine, O2, and NADPH. NO has a 

very short life as a free radical and consider 

as a potent inflammatory mediator, its 

interact with the O2 compound containing 

iron [25]. 

  Our study shows that serum NO level is 

highly significant (P˂0.0001) in RA patient 

compared with healthy control. That may be 

due to two possible reasons. 1- Increasing in 

synovial inflammation, which causes 

increases in NO level, synovial fluid 

eventually enters blood circulation .2- other 

possible cause may be due to the generation 

of NO by vascular system and other cells [9]. 

When NO transforms to peroxynitrate radical 

(ONOO’) it may cause cell damage or 

convert to another product like OH (NO2 + 

hydroxyl radical). production of NO in  

 

inflammation joint may participate to 

immigrate to the synovial and periarticular 

tissue resulting in the destruction of cartilage 

and bone within the joint by inflammatory 

cells [26]. 

   In this study, the concentration of CRP was 

higher in the cases compared to healthy 

subjects. Similarly, [27] and [28] observed 

the high value of CRP indicated the presence 

of inflammation. CRP has an annular ring 

shape pentameric protein, its production in 

the liver in response to inflammation and can 

play a role in the pathogenesis of RA. 

Cytokines which is considered as a 

proinflammatory can be released in response 

to interleukin-1-beta and tumor necrosis 

factor-α, that stimulated the liver to increase 

inflammatory process, on another hand 

interleukin-6 stimulate the liver to secrete 

CRP. Many studied consider that CRP may 

directly contribute to the inflammatory by 

stimulating many types of cytokines like IL-

1ß and IL-6 [29]. 

   Lower calcium level may be due to 

insufficient calcium intake and quicken 
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osteoporosis, more sodium intake in our food 

may cause calcium depletion [30]. 

   Free radical that produced by ROS that 

case chronic inflammatory cells nearby bone 

with subsequent bone destruction [31]. Many 

drugs shave an affected-on calcium 

metabolism and cause a low level of calcium 

in RA. It was assuming that high level of 

phosphorous was related to tissue hypoxia 

with an elevated in ATP breakdown resulting 

in the release of inorganic phosphorous from 

cells. However, hypoxia create by 

hypertrophy and hyperplasia within synovial 

joints [32]. 

   Acidosis will promote shift of phosphorous 

from intracellular to extracellular pool. 

Serum magnesium level decreases 

significantly in RA patient compared with 

control possibly due to chronic inflammatory 

conditional and autoimmune injury [33]. 

Conclusion 

  Diagnosis and determine its diseases 

activity of RA can be assessed by 

determining some biochemical marker in 

blood, such as NO level which plays an 

important role in the pathogenesis of RA. 

The further study requires to determine the 

exact role of NO in the assessment of disease 

activity in RA cases. 

   CRP has shown a big role as a biomarker 

in determining the intensity of inflammation 

and better control of the condition. It was 

observed that Magnesium, Calcium in RA a 

low level in serum whereas Phosphorous has 

shown a high level in contrast to control, that 

can be concluded to be a danger factor for 

RA cases. Our suggestion that change at a 

mineral level has an interesting role in 

patients with RA, which participate in the 

pathological process. 

   These results recommend to increase Mg, 

Ca, P in the dies with a supplement that 

might be helpful for a patient with RA. 

Further studying is necessary to estimate 

various biochemical markers that influences 

patient with RA. 
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