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INTRODUCTION 

Rheumatoid Arthritis (RA) is a multisystem autoimmune disease, characterized by 

chronic inflammatory response which leads to both articular & extra-articular clinical 

manifestations. There are progressively severe joint deformities, persistent chronic synovial 

inflammation, progressive articular destruction and bony erosions leading to varying degree of 

crippling disabilities.  Long term outcome of RA is characterized by significant morbidity & 

increased mortality. If RA is untreated, about 40% of patients are considerably unable to work by 

5 years after the diagnosis. By 10 years, however, more than 50% of RA patients are unable to 

work. In this chronic disorder there is cellular proliferation of the synoviocytes and new blood 

vessels formation (neo-angiogenesis) which leads to the formation of the characteristic „Pannus‟ 

which destroys the articular cartilage.    

Prevalence data has been compiled in the west since last few decades, but the prevalence 

in developing countries like Pakistan is less documented, and is quite variable.  The prevalence 

was reported to be 0.5-1% of the total world population (Silman et al., 2002). In the urban 

population of southern Pakistan, Karachi, the prevalence of RA was approximately 0.142%, 

while in northern Pakistan, the estimated prevalence was about 0.55% (Hameed et al., 1995). A 

high prevalence of rheumatoid arthritis was reported in Pima Indians (5.3%) and also in sections 

of Chippewa Indians (6.8%). Epidemiological data, however, reported low incidence in China & 

Japan. Recent studies have shown less familial recurrence risk in RA than in other autoimmune 

diseases. Women were affected more than men. The disease onset was usually fourth and fifth 

decades of life, with 80% - 85% of all patients are between 35 and 50 years of age (Gabriel et 

al.,1990). In the females, it has been seen that after the 1
st
 pregnancy, the postpartum period was 

associated with a greater risk of development of RA. Subsequent research trials on these high 

risk females revealed that this increased risk was most likely due to breastfeeding i.e. those 

women who breastfeed after their first pregnancy, were probably at higher risk of developing 

RA. Some studies have confirmed that women who usedthe oral contraceptive pills were at 

decreased risk of developing RA (Silman et al., 2001). Previously, environmental studies and 

work on different host risk factors for development of RA have suggested that women who were 

nulliparous were at increased risk of developing the disease (Silman et al., 1994). 

Regarding the genetic correlation, it has been oberved that therewas a considerably strong 

genetic correlation between the causation of this disease with the polymorphic HLA DRβ1 



CHAPTER ONE   INTRODUCTION 

  UMER, 2017 

3 
 

alleles. The important role of this HLA DRβ1 gene as a risk factor in development of RA was 

currently estimated to be approximately 60% (Turesson et al., 2006). It has been documented 

that early diagnosis and prompt treatment with specific drugs like DMARDs (Disease modifying 

anti-rheumatic drugs) in these genetically predisposed individuals in adult population of 

Pakistan, could not only maintain the quality of patient‟s life, but also minimized the health care 

cost, which simultaneously reduced the burden on economy (Abid et al., 2005). In some clinical 

trials, male sex hormones, especially plasma testosterone levels were found in lower 

concentration in men who were diagnosed as patients with RA (Silman et al., 2001). On the 

contrary, some studies in the past have documented that the levels of female sex hormones were 

significantly different between RA cases and controls (Heikkila et al., 1998). Similarly, a 

previous case-control study clearly suggested that people who were obese were at much higher 

risk of developing this disease (Symmons et al., 1997).  

In RA, there is approximately 2 to 3-fold increased risk of cardiovascular diseases 

(CVD). This was evident in a prospective study on a cohort of women participants diagnosed as 

cases of rheumatoid arthritis, showing a significantly increased risk of developing myocardial 

infarction as compared to healthy controls (Solomon et al., 2003). Atherosclerosis has been 

considered an important extra-articular manifestation of RA. It has been known that well-

established RA considerably reduced median life expectancy in adult population, compared to 

normal, unaffected individuals (Pinnals, 1987). Besides coronary diseases, the leading causes of 

death in RA patients were malignancies and infections, which significantly contributed to 

enhanced mortality (Symmons et al., 1998).Randomized case studies have documented that 

people who consumed diets rich in eicosapentaenoic acid (EPA) had a moderately beneficial 

effect on the disease prognosis of RA (Volker et al.,2000). It has been suggested that these 

unsaturated fatty acids competed with membrane-associated arachidonic acids, which were vital 

precursors of family of eicosanoids (20 carbon compounds), from which different inflammatory 

mediators were synthesized such as prostaglandins (PGF2α, PGE2) and thromboxane A2. 

Thromboxane promoted platelet aggregation and augmented the inflammatory response within 

the joint synovium.  

In a retrospective study, conducted in a tertiary care unit (Liaquat National Hospital, 

Karachi) at the rheumatology clinic, in June 2007, 4900 patients were examined who presented 

with rheumatic symptoms. Of these 633 patients were diagnosed with RA (12.9%), out of them 
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509 were females and 124 were males (4:1 ratio). Mean age at the onset of RA in females was 

38.5 ± 12.4 years, while in males mean age was 44.8 ± 1 years. The frequency of extra-articular 

manifestations in patients with RA has not been well established or documented in Pakistan 

(Young et al., 2007). Many infectious agents have been implicated in causation of RA, such as 

Epstein-Barr virus (EBV), Parvovirus, some bacteria e.g. Proteus & Mycoplasma. Similarly, a 

study revealed that cigarette smoking was strongly linked with an increased risk of developing 

RA (Rise et al., 2000). In recent studies increased attention was focused on the activity of 

reactive oxygen metabolites (ROS) in plasma and joint synovium as well. Commonly implicated 

oxygen derivatives are superoxide free radical anions (O2
-
), hydroxyl free radicals (H2O2), lipid 

peroxyl radicals (LO
-
), lipid alkoxyl radicals (LOO

-
) and lipid peroxides (LOOH). These free 

radicals (O2
-
,H2O2,LO

-
,LOO

-
andLOOH) were generated in excess, in the intense inflammatory 

environment in the joints of RA patients. This excessive generation of highly reactive oxygen 

radicals (ROS) damaged the local joint proteins, lipids, synoviocytes DNA and components of 

the joint matrix. Modification and alteration of these structural and cellular proteins led to 

impaired biologic functions, rapid apoptosis and joint damage (Baynes et al., 2000).  

As stated above, oxygen derived radicals are highly reactive species and are known to 

stimulate the joint chondrocytes and adjacent synovial fibroblasts, which are activated in the 

initial stages of disease. These activated cells secreted the destructive matrix-metalloproteinases 

(MMPs) (Kumar et al., 2006). Free radicals are distinct chemical species, may be an atom or a 

molecule, and they are comprised of unpaired electrons in its valance shell, which makes them 

highly unstable and short lived, therefore, they readily react with the nearest stable molecule in 

the affected joint for obtaining stability. This phenomenon was also related to “stealing” of 

electrons from the vicinity. The targeted molecules lost their outer valence electrons, and thus 

were converted into free radicals themselves. This initiated a self-propagated chain reaction 

resulting in cellular disruption (Cuzzocrea et al., 2006). Lipid peroxidation caused by these 

highly reactive radicals heralded an era of detection of many significant plasma bio-markers for 

lipid peroxidation in disease progression. In a study conducted in Turkey, significantly high 

levels of malondialdehyde (MDA) and xanthine oxidase (XO), in plasma were reported in 

patients with RA, when compared to controls (Kocabaş et al., 2010). On the contrary, some 

epidemiologic studies conducted on RA patients exhibited an inverse correlation between the 

dietary intake of natural antioxidants and incidence of RA (Cerhan et al., 2003). Inverse 
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associations between the serum antioxidant levels and the progression of inflammation were 

demonstrated in patients with RA (Paredes et al., 2002). In patients of rheumatoid arthritis, 

excessive generation of reactive free radicals accelerated the defects in the antioxidant systems. 

For example, an important antioxidant Catalase has shown significantly reduced activity in 

plasma of many patients suffering from RA (Kartas et al., 2003).  

Monocytes infiltrating the synovium of affected joints had a critical role in producing the 

highly reactive free oxygen radicals 2.7 times more as compared to controls (Ostrakhovitch et 

al., 2001). Exposure to ROS, which were produced in excess in rheumatoid arthritis, was also 

implicated in the down-regulation of the activity of T-lymphocytes. Similarly inflammation 

propagated by further activation of macrophages and neutrophils under intense oxidative stress 

conditions within the joints. NADPH mediated reductase system markedly enhanced the 

localized oxygen consumption and resultant formation of superoxide anions (O2
-
) in the affected 

joints. In the presence of metallic ions such as Fe
+2

, superoxide radicals and H2O2 underwent 

„fenton reaction‟ and these radicals were subsequently converted to hydroxyl radicals (OH
-
), 

which were responsible for the dominant cellular toxicity in RA patients. As stated earlier, under 

oxidative conditions, phagocytic cells such as, macrophages and neutrophils were resultantly 

activated, causing rapid respiratory burst, catalyzed by NADPH oxidase enzyme, and production 

of intracellular superoxide anions. Subsequent fenton reaction occurring in the presence of 

metallic ions like Fe
+
, converted the reactive H2O2 to highly soluble and reactive hydroxyl 

radical HO
-
 which was known to mediate the prevalent cellular toxicity and damage 

characteristically seen in RA. Besides these highly reactive ROS radicals, another group of 

radicals, reactive nitrogen species (RNS) were also generated, mainly by activated macrophages, 

thus accentuating the oxidative damage. Nitric oxide was excessively formed as a byproduct, 

when citrulline was formed from arginine amino acid, catalyzed by the NO synthase enzyme 

(Soneja, 2005). 

L-arginine amino acid is a substrate for NO synthase enzyme, and is acted upon by the  

enzyme Arginase. Expression of arginase also occured within the synovial membranes of normal 

individuals. This expression of arginase enzyme was increased by the local pro-inflammatory 

agent prostaglandin PGE2. This eventually prevented significant NO production by the 

synoviocytes, despite the presence of high γ -IFN levels in the synovium. On the other hand, the 

induction of NO synthesis by γ -IFN simultaneously inhibited the activity of arginase enzyme 
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within the synovium. Although this autoregulation involved complex integrated pathway, but it 

depicted early onset of inflammation and tissue damage, and subsequently increased the activity 

of Arginase, as NO levels correspondingly reduced. This provided a vital source of ornithine 

amino acid which was utilized for gradual tissue repair in the effected joint (Corraliza et al., 

2002).  OONO
-
 radicals had the ability to decrease intracellular -SH concentration, which led to 

the induction of cytosolic IkB kinase enzyme, causing phosphorylation of the inhibitor of NF-

kB. As a result, NF-kB translocated into the nucleus and enhanced the transcription of a variety 

of pro- inflammatory proteinsand cytokines, notably IL-1β and TNF-α (Bar-Shai et al., 2006).  

Authors in the past working on the role of reactive nitrogen species (RNS) have detected 

a significant rise in plasma nitrite concentrations in RA patients. Similarly, biochemical analysis 

of the synovial contents in RA patients also revealed high levels of nitrite radicals, higher than 

that expected in serum. This led the authors to suggest that high concentrations of NO generated 

in excess within the affected joints (McInnes et al., 1996).The exaggerated inflammatory 

response characteristically in RA was predominantly mediated by a cascade of cytokines which 

included Interleukin 1, IL-6, Il-8, IL-12, IL-17, IL-18, IL-21 and interleukin-23. Moreover, TNF-

α and IL-1β were also known to provoke the pro-inflammatory NF-kB cascade. For example, 

Interleukin-18 (IL-18) along with its specific receptors was genetically expressed at high levels 

in tissues of patients with RA, which elicited IFN-γ and nitric oxide production in the synovium 

of these patients. IL-18 secretion, however, was said to be regulated by TNF-α and IL-1β 

independently. In experimental models, IL-18 had significance in the pathogenesis of RA, which 

was supported by administering cytokine to a mouse model of RA, where it resulted in the 

development of an erosive, inflammatory and crippling arthritis (Gracie et al., 1999).Considering 

the role of various pro-inflammatory cytokines, the current study was based on the estimation of 

a variety of predictive and oxidative markers which mediate intense inflammation in the 

pathogenesis of RA. We also determined their correlation in the disease progression in adult 

population in the Punjab province of Pakistan.  

Although many studies have focused on the role of oxidative stress in pathophysiology of 

rheumatoid arthritis, however, it has been documented that there was significantly decreased 

concentrations of various anti-oxidants in the sera of RA patients (Hwang, 2007). Few known 

anti-oxidants are vitamin E, vitamin C, β carotenes, selenium and zinc. Regarding the 

antioxidants, a case-controlled study was conducted in the past, using serum of high risk patients 
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prior to the final diagnosis of RA. Thereafter, an overall antioxidant index was assessed, which 

was associated inversely with the later development of RA in these individuals (Comstock et al., 

1997). The plasma estimation of oxidative stress markers was clinically important, and enabled 

us to correlate the disease progress and also the extent of oxidative damage to DNA, joint 

proteins & lipids. This involved estimation of markers of DNA oxidation, lipid peroxidation and 

protein oxidation (Hwang et al., 2007). Increased oxidative damage in RA led to a variety of 

compensatory changes in the plasma and tissue levels of many protective antioxidants, such as 

glutathione and ceruloplasmin. These antioxidants were known to provide protection against 

progressive lipid peroxidation in the patients with rheumatoid arthritis. The antioxidant defense 

system was, therefore, significantly compromised in patients of rheumatoid arthritis. There was a 

marked shift in the oxidant/antioxidant balance in favor of lipid peroxidation, which further led 

to the tissue damage most commonly observed in this disease.  

Studies in the past documented the levels of auto-antibodies such as IgG, IgM, and IgA 

and their isotypes, and they observed their significantly high concentrations in the sera and also 

within the synovial fluids of patients diagnosed with RA (Bizzaro et al., 2001; Lee et al., 2003). 

These autoantibodies (IgG, IgM, IgA and their isotypes) specifically binded with the native 

proteins in the synovium of the affected joint. This binding of auto-antibodies was found to be 

markedly increased if the native joint proteins were modified or denatured at the local site. This 

was attributed to implanted or endogenous antigens, thus triggering the inflammatory response. 

The serologic test detecting RA factor (Anti-IgG autoantibody) was based on binding of 

aggregated IgG with specific joint antigens. Moreover, there was a considerable evidence of high 

levels of IgG aggregates in the plasma and synovial fluid of these patients (Firestein, 2003). 

Regarding the protein alteration and damage in RA, joint proteins underwent excessive 

oxidation at local site, causing protein aggregation. This intracellular aggregation of denatured 

protein was probably due to irreversible cross-linkages formed through many inter-chain 

disulfide bridges (Griffiths, 2004). These intracellular protein aggregates were finally degraded 

by the ubiquitin-proteasome mechanism, whose activity declined with age (Jefferis et al., 2002). 

Tissue concentrations of these oxidized proteins were found to be significantly elevated in 

patients with RA, mainly due to enhanced inflammatory activity and also partly due to increased 

respiratory burst, which triggered characteristic auto-antibody production. 
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It has been documented previously, that the pathognomic neutrophilic infiltrate was 

dominantly seen in the synovial fluid of RA joints, which contributed to about 90% of all the 

infiltrated cells present in synovial fluid of RA patients. These neutrophils exhibited 

considerably elevated levels of ROS generation as compared to neutrophils isolated from other 

tissues (Capsoni et al., 2005). These infiltrated neutrophils responded to high concentrations of 

pro-inflammatory cytokines released in the synovial tissue, and thus over-rode the apoptotic-

signaling cascades. Under normal physiological conditions, these activated neutrophils would 

rapidly initiate the apoptotic cascades (extrinsic and intrinsic), which helped mediate their rapid 

clearance through phagocytosis by the macrophages (Colotta et al., 1992). Collagen Type l was 

structurally most important proteins in particular cartilages, and constituted about 50% or more 

of the extracellular cartilage matrix. In RA, there was accelerated collagen degradation, and the 

degraded fragments were subsequently released into the surrounding synovial fluid. These 

collagen-derived degraded fragments served as potential biomarkers for cartilage remodeling and 

enzymatic and mechanical degradation of articulating bones in RA (Mansson et al., 1995).  

Fragments of Type II collagen, which made about 85-90% of articular cartilage, were 

released in the peripheral blood circulation during extensive collagen synthesis, and levels of 

these fragments have been measured since many years as a useful tool and a marker of collagen 

degradation in acute disease process. Up till now, various circulating antibodies have been 

estimated which were particularly specific against these collagen degradation products belonging 

to type II collagen (Billinghurst et al., 1997). These findings on various biomarkers of RA 

disease progression strongly indicated that reactive oxygen and nitrogen species played a very 

significant role in the structural damage to joints, typically seen in rheumatoid arthritis. 

Previously, it was also suggested that the cartilage matrix components were overwhelmingly 

nitrated locally within the synovium, and then these components were released in the synovial 

fluid, contributing to intense inflammation (Hiran et al., 1997; Henrotin et al., 1992). Based on 

the measurements of these oxidative markers, the current study was focused on the estimation of 

a number of oxidants implicated in the pathogenesis of RA, and elucidation of their significance 

and correlation in patients of rheumatoid arthritis selected from the Province of Punjab in 

Pakistan.   
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2.0 REVIEW OF LITERATURE 

2.1 PREVALENCE AND EPIDEMIOLOGY 

Rheumatoid arthritis is a chronic inflammatory disease commonly affecting the joints in the 

adult population of Pakistan. It is an autoimmune disorder characterized by inflammation and 

hyperplasia of the synovial tissue. Rheumatoid arthritis (RA) leads to excruciating joint pain, 

significant morbidity and adds socio-financial burden to the affected individuals. On palpation, 

the affected joint is markedly tender, and the patient typically complains of morning stiffness in 

the affected joints, and severe movement impairment. Research studies were in agreement 

regarding the increased mortality associated with RA, affecting approximately 1% of the world 

population (Turesson et al., 1999). As far its prevalence was concerned, in year 2006, a 

systematic overall review of estimated worldwide prevalence of this disease was published, 

which was between 0.2% and 1.2% (Alamanos et al., 2006). In Pakistan, statistical data 

regarding the prevalence of rheumatoid arthritis was not well documented, however, limited data 

available considered the prevalence of RA to be approximately 0.1-0.2% of the total population 

of Pakistan. In a house to house survey in Karachi, conducted by K. Hameed et al., which 

included more than 4000 diagnosed patients of RA, the effects of environmental factors on the 

causation of RA were observed. They documented low prevalence of RA in urban population, 

and interestingly, high rheumatic signs and symptoms were observed within the richer sections 

of the Pakistani community in Karachi (Hameed et al., 1995).  

Considering the number of patients reporting with characteristic RA features, a study in past 

reported the prevalence of RA patients in Pakistani population, who self-reported to physicians, 

was quite low, and ranged approximately 14.8%, as compared to affected patients in Greece, 

which was as high as 27.4% (Farooqi, 1998). Immunogenetic studies were also conducted by 

few workers on RA patients in Pakistan, especially those patients who presented in hospital 

outdoors, and they revealed low frequency of HLA DR4 involvement, as compared with 

European patients (Hameed et al., 1996). Much higher prevalence of RA was seen in in Eskimos, 

about 7.1% (Ferucci et al., 2005). In contrast, prevalence rates of RA were found to be 

considerably low in some Asian and Mediterranean countries. In all populations, however, the 

prevalence rates for females were considerably higher as compared to males (Zeng et al., 2008). 

On the same lines, some studies have suggested significant variations in the prevalence of RA 



CHAPTER TWO  REVIEW OF LITERATURE 

  UMER, 2017 

11 
 

among different population groups within the same country (Roux et al., 2007). This variation in 

prevalence clearly indicated the influence of genetic, environmental and behavioral factors in the 

causation of RA (Costenbader et al., 2008). The variability in prevalence was probably also 

attributed to different research methodologices, criteria shift and variations in clinical 

presentations and manifestations of the disease in different age groups. In this regard, some 

studies have suggested that the low prevalence in some countries was probably because these 

studies were conducted in large, major cities only, and focused on a specific region within the 

city, therefore, such studies reflected only the urban prevalence, and truly reflected the national 

prevalence of RA (Spindler et al., 2002). 

2.2 RISK FACTORS 

2.2.1 TOBACCO SMOKING 

Smoking and tobacco use is among the well-recognized and documented risk factor 

leading to the onset of this crippling disease. Many epidemiologic studies concluded that 

smoking considerably increased the risk of developing RA. In this regard, a study was conducted 

in the UK few years ago, which included identical monozygotic twins (13 pairs). In each pair of 

twins, one of the twins was a smoker and only one member was having RA. It was observed that 

in 12 monozygotic pairs, the smoker member was suffering from RA. This finding established 

smoking as a significant risk factor for the development of RA. (Hochberg et al., 2009). Tobacco 

has been among the most widely studied and strongly correlated environmental risk factor for the 

development of severe forms of RA, and it is estimated to involve more than one third cases of 

rheumatoid arthritis worldwide. In sero-positive patients, the disease intensity was evaluated by 

determination of circulating autoantibodies, such as Serum anticitrullinated- proteins / peptide 

antibody (ACPA) ratio, in severly affected cases of RA. Heavy smokers (who routinely consume 

20 cigarettes per day since last 20 years or more) tested 2.5 times more positive for ACPA.  

There was a risk decreased for those subjects who had quit smoking among these 

individuals. Therefore, one of the researches concluded that smoking was definitely responsible 

for approximately 35% of ACPA positive cases, moreover, they reported that every one out of 

five cases of rheumatoid arthritis were positive in this group. (Henrik et al., 2009). It was 

detected in a research study, that tobacco not only modified the clinical manifestations of the 

disease, but also increased the RA seropositivity risk in these individuals. It was concluded that 
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the smokers had an earlier disease onset (Finckh et al., 2007).  It was observed that the persistent 

use of tobacco induced a generalized, mild to moderate inflammatory response in the body, 

promoting cellular necrosis in tissues, and also enhanced citrullination of tissue proteins, 

especially of lungs. These citrullinated peptides served as a substrate and trigger for the 

exaggerated immune response. An observation on brocho-alveolar lavage of smokers showed 

significant concentrations of citrullinated peptides as compared to lavage studies on non-

smokers. There were significant interactions between the intense inflammatory processes in the 

affected joints and these citrullinated proteins/peptides, which led to the formation of several 

immune-complexes with the circulating auto-antibodies to these modified, citrullinated 

peptides.This served as a trigger for characteristic immune response, which subsequently led to 

the release of damaging inflammatory mediators such as Tissue necrosis factor (TNF-α), and a 

cascade of interleukins (Klareskog et al., 2006). Considering the detection of these peptides in 

the tobacco users, a similar study focused on detecting peptidylarginine deiminase 2 enzyme 

expression in the broncho-alveolar cells in smokers (Makrygiannakis et al., 2008). Previously it 

was documented that smoking was linked to increased frequency of extra-articular clinical 

manifestations and complications, compared to the non-smoking patients with RA (Turesson et 

al., 2003). Smoking led to decreased response to anti-inflammatory drugs used for RA treatment, 

such as TNF antagonists and disease modifying anti-rheumatic agents (DMARDs).  

2.2.2 INFECTIONS 

Some infections, especially viral infections were also linked with an increased risk of 

developing RA. Most commonly, it wasEpstein-Barr virus (EBV), and some studies have 

documented high levels of these viruses in the circulating lymphocytes of RA patients. 

Moreover, EBV was also detected in the synovial fluids aspirated from the effected joints of RA 

patients, highlighting its involvement in development of this disease (Gibofsky, 2012). Apart 

from EBV, cytomegalovirus (CMV), E.coli and proteus bacteria had also been significantly 

implicated in the causation of RA. Although the exact mechanisms remained unclear, but it was 

postulated that some kind of molecular mimicry was responsible for the development of RA in 

all cases (Kamphuis et al., 2005). The clinical features and characteristic immunological 

response in RA suggested that infections might have played a causative role in the pathogenesis 

of rheumatoid arthritis. However, cultivations of the blood and even joint fluid did not prove that 

the disease itself was an infectious process. In a separate study, the blood samples of 61 patients 
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of RA were cultured in beef-heart infusion broth. No organisms were recovered in 58 cases, 

while in 3 cases, diphtheria bacilli were isolated; streptococci were never recovered from any 

specimen. In contrast, in 61 control subjects, five positive cultures were obtained, streptococcus 

viridans in three and diphtheria bacillus in two patients with RA. (Fraser, 2004).  

2.2.3 DIETARY FACTORS 

It has been documented that diets which had abundant fruits and well- cooked vegetables, 

sea food (fish) and olive oil provided protective effects against the onet of RA. This protective 

effect was presumed to be due to biochemical actions of omega-3 fatty acids, richly present in 

these diets (Rosell et al., 2009).  

2.2.4 GENDER AND HORMONES 

Some studies in past have described a poor prognosis and relatively more severe 

outcomes of the disease pattern in women patients, as compared to men (Symmons, 2002). 

Within the females, in one study, RA has been shown considerably higher in prevalence in 

women of childbearing age, while the disease showed significant clinical improvement in these 

patients during pregnancy. This underlined the possible role of hormones as contributory risk 

factors for RA (Nelson et al., 1993). Regarding the association of decreased risk of RA with the 

use of oral contraceptives, different studies showed controversial results. In two studies, there 

was a clear association of use of oral contraceptives with the decreased risk of RA (Berglin et al., 

2010; Doran et al., 2004). In contrast, another study conducted on women using oral 

contraceptives, did not show a lower incidence of developing RA (Pedersen et al., 2006).  

 

2.2.5 SOCIOECONOMIC FACTORS 

Socioeconomic factors also influenced the onset and course of this disease. A research on 

evaluation of work activity in affected patients revealed that the socioeconomic status (evaluated 

by work activity) and formal education had an inverse relationship with the risk of developing 

RA (Pedersen et al., 2006). 

 

 



CHAPTER TWO  REVIEW OF LITERATURE 

  UMER, 2017 

14 
 

2.2.6 VITAMIN D DEFICIENCY 

It has been recently shown that vitamin D deficient patients had increased disease activity 

and progression of RA, as compared to the individuals having normal levels of serum vitamin D 

(Haque et al., 2010).  

2.2.7 ALCOHOLISM 

It has been suggested by recent studies that alcohol exerted a mild protective effect on 

disease progression in RA, however this protective effect depended upon the dose of alcohol 

consumed (Pedersen et al., 2006). 

 

2.2.8 OCCUPATIONAL EXPOSURE 

Furthermore, occupational exposure, particularly to crystalline silica had been 

documented as a significant risk factor for the development of RA, and in an analysis few years 

ago, there was a twofold increased risk of development of RA due to exposure to silica (Stolt et 

al., 2010).  

 

2.2.9 GENETIC FACTORS 

Genetic factors were considered to be the most significant risk factors in RA onset and 

progression, and warrant approximately 50% of the risk of development of RA. Although the 

exact etiology of RA has not been known fully, most of the recent findings have indicated a 

genetic basis of this complex inflammatory disease. It is now known, that more than 80% of RA 

patients carry the epitope of the HLA-DRB1*04 cluster. (Smolen et al., 2007). In addition, it has 

been known that RA patients expressing two HLA-DRB1*04 alleles were at much elevated risk 

for systemic organ complications and progressive joint erosions. (Weyand et al., 1992). More 

work up on genetic correlation showed that patients in which the rheumatoid epitope was located 

within the HLA-DRB1 *04 genes, particularly with allele *0401 had poor prognosis. However, it 

has been seen that this HLA-DRB1 region was responsible for about one third of the genetic 

component of RA (Jawaheer et al., 2002). Apart from HLA-DRB1, some non-HLA genes had 

also been associated with development of RA. This was confirmed in recent studies which 

documented few polymorphisms in genes such as PTPN22 genes, thus considered as high 

susceptibility genes for RA development. It was concluded that these genes (HLA-DRB1 and 

PTPN 22) almost doubled the risk of seropositive RA in heterozygous patients (Lee et al., 2005). 



CHAPTER TWO  REVIEW OF LITERATURE 

  UMER, 2017 

15 
 

Further work on susceptibility genes revealed the involvement of STAT4 (Plenge, 2009) 

and TRAF1/C5 genes (Kurreeman et al., 2007).  The genetics basis, thus, determined the effect 

of various environmental exposures on the disease onset in both sero- negative and sero- positive 

RA patients (Buhm et al., 2014). Similarly, in the synovium of patients with RA, the cultured 

fibroblasts demonstrated, somatic mutations of p53 genes in two previous studies. (Inazuka et 

al., 2000, Firestein et al.,1997). These mutations of p53, the tumor- suppressor genes, were 

probably induced by reactive oxygen radicals formed in excess within the fibroblast-like 

synoviocytes (FLS) in RA patients. This probably led to alteration of synoviocytes phenotype 

causing aberrant apoptosis of these joint cells (Tak et al., 2000). 

 

2.3 OXIDATIVE DAMAGE AND ANTIOXIDANTS IN RHEUMATOID ARTHRITIS 

Oxygen is the universal electron acceptor bound with the last component of the 

mitochondrial electron transport chain (complex lV), in which cytochrome c oxidase enzyme 

catalyzes the reduction of four-electrons to O2 to H2O. This generates partially reduced oxygen 

species which are spontaneously produced as byproducts of this entire chain process. These 

species are very highly reactive, diffuse out through the mitochondrial membranes and rapidly 

react with the nearby, neighboring molecules. These reactive oxygen species (ROS) were utilized 

by phagocytic cells for microbial killing. (Babior, 2000). Research in the past had documented 

that circulating proteins in human plasma were a major targets of oxidation by these reactive 

radicals (Dean et al., 1997). Subsequent modification of these plasma proteins by oxidative stress 

altered their conformational structure and influenced their biochemical functions as well, leading 

to rapid cellular degradation and death (Baynes and Thorp, 2000).  

Much research work had focused on a variety of oxidants and antioxidants activity in 

plasma and synovium of affected RA patients. Recently, it was suggested that there was 

induction of early apoptosis of autoreactive, athritogenic T-lymphocytes by the ROS which were 

produced physiologically by the phagocytes in response to different antigens. This mechanism 

prevented the intense autoimmune response present in patients with RA (Hitchon et al., 2004). 

Some of the most commonly implicated oxygen free radicals were hydroxyl free radicals (OH·), 

superoxide free radical anion (O2·-), lipid alkoxyl (LOO·), lipid peroxyl (LO·), lipid alkoxyl 

(LOO·) radicals and also hydrogen peroxide (H2O2) and singlet oxygen (O2) radicals. (Mitchell 

et al., 2003). Antioxidants were specialized agents which prevented further generation of 
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reactive oxidants and simultaneously interfered with the chain production. Antioxidants systems 

rapidly inactivated these newly formed cellular radicals, thereby, blocking the chain reaction 

(Rangan et al., 1993). Clinical studies have provided substantial evidence which implicated free 

radicals and reactive oxygen species in triggering rheumatoid arthritis (Bazzichi et al.,2002; 

Kamanli et al., 2004). Similar epidemiological studies in recent years had well-documented the 

occurrence of RA in individuals who had persistent low levels of antioxidants in blood and 

tissues. (Cerhan et al., 2003). Superoxides were potentially reactive, as they interacted with nitric 

oxide (NO), locally produced in the synovial tissue. This reaction was catalyzed by nitric oxide 

synthase enzyme, leading to formation of another highly reactive peroxynitrite radical, 

peroxynitrite (OONO
-
).  

Increased oxidative enzymes activity, along with decreased antioxidant levels in sera and 

synovial fluids of RA patients was also demonstrated in another study (Taysi et al., 2002). Joint 

cartilage was directly damaged by these ROS and RNS species, and they also destroyed the 

components of extracellular matrix (ECM) primarily by upregulating the mediators responsible 

for matrix degradation (Henrotin et al., 2003). Reactive oxygen species influenced the response 

of chondrocytes to local growth factors, and also caused impaired migration of these cells to the 

sites of cartilage erosion and injury. Reactive nitrogen species interfered with the repair 

processes by interacting with extracellular matrix proteins, such as collagen and proteoglycans,  

and also activated the joint chondrocytes. Collectively, both ROS and RNS inhibited the 

synthesis of type II collagen and matrix proteoglycans by these newly migrated chondrocytes, 

and they also decreased the sulfation of glycosaminoglycans (GAGs) of the synovial matrix. 

Studies have demonstrated defective collagen fibrils cross-linkages formation in RA (Rees et al., 

2003; Rees et al., 2004). The oxidative stress has been crucially involved in the progressive 

erosion of joint cartilage in experimentally induced arthritis in mice (Wruck et al., 2011). In RA, 

the antioxidant defense mechanisms were markedly compromised apparently shifting the 

oxidant/antioxidant balance towards that of lipid peroxidation, which eventually led to the 

progressive articular destruction.A strong correlation between the oxidative stress in RA and the 

disease progress was documented in a previous study. (Jikimoto et al., 2002). 
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2.4 MARKERS OF OXIDATIVE STRESS 

 

2.4.1 MALONDIALDEHYDE (MDA) 

Malondialdehyde is a product of lipid per-oxidation, and it potentially enhances the 

inflammation by generating immunogenic molecules leading to subsequent cell damage. The 

polyunsaturated fatty acids (PUFA) in the cell membranes have been specific targets of lipid 

peroxidation. This damage eventually resulted in the loss of characteristic lubrication of synovial 

fluid typically seen in RA. MDH levels were, therefore, found significantly elevated in serum of 

patients diagnosed with RA, compared to controls. (Walwadkar et al., 2006; Desai et al., 2010). 

In the past, Ozturk et al elucidated the status of oxidants and antioxidants activity in RA patients. 

Estimation of malondialdehyde (MDA), antioxidant potential (AOP) value, and superoxide 

radical scavenger activity (NSSA) were performed, by obtaining fasting blood samples of 24 

effected cases and 20 control individuals. They observed decreased values of both NSSA and 

AOP, but, in contrast, higher plasma levels of MDA were seen in these cases as compared to the 

controls. This finding indicated significantly impaired antioxidant activity in RA patients, and 

enhanced oxidative stress along with reduced antioxidant activity in these cases (Oztürk et 

al.,1999). Similarly, measurement of the levels of important lipophilic antioxidants and pro-

oxidants in patients suffering from RA were compared to the normal, healthy subjects. A study 

included 50 patients of RA and plasma MDA and vitamin E levels were measured in these 

patients and the control group. It was concluded that MDA was significantly high in the plasma 

of patients with RA, while the plasma levels of vitamin E levels were found to be low in RA 

patients, compared to the controls (Pallinti et al., 2004). In most studies on MDA, it hasbeen 

observed that elevated levels were mainly due to significant reduction in the antioxidant 

mechanisms in the patients of RA. These elevated levels of MDA were observed not only in 

plasma or serum, but also within the synovial fluids of these patients (Bandt et al., 2002). On 

contrary, some researchers reported no change in the plasma levels of MDA in patients with RA 

(Kamanli et al., 2004). 

2.4.2 THIOBARBITURIC ACID 

Thiobarbituric acid is an organic, heterocyclic compound, and currently used for assessing 

products of lipid peroxidation in thiobarbituric acid assay (TBA test). This test produced a red 

adduct when the end product of lipid peroxidation, malondialdehyde (MDA) reacted avidly with 

http://www.ncbi.nlm.nih.gov/pubmed?term=Ozt%C3%BCrk%20HS%5BAuthor%5D&cauthor=true&cauthor_uid=10651080
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TBA. A study conducted on children, revealed a significantly increased plasma levels of 

thiobarbituric reacting substances, compared to controls (Sklodowska et al., 1996).   

2.4.3 8-ISOPROSTANES  

These oxidants are formed due to lipid peroxidation of arachidonic acid in cellular 

membranes, without direct involvement of the cyclo-oxygenase mechanism, thus serving as 

markers for oxidative stress. In 2009, 8-isoprostanes levels and other oxidative stress agents were 

estimated in RA patients, such as C-reactive protein, interleukin-6, adiponectin, vascular cell 

adhesion molecule (VCAM) and E-selectins. Plasma levels of C-reactive proteins, VCAM, 

adiponectin and interleukin-6 were found to be elevated in patients with RA. However, serum 

selenium and LDL-cholesterol levels were noticed to be reduced in all patients with RA (Philip 

et al., 2009).  

2.4.4 SUPEROXIDE DISMUTASE (SOD) 

Activated neutrophils and macrophages underwent oxidative, respiratory burst, thereby 

utilizing large amounts of oxygen, and resultant generation of radicals such as superoxide (O2
-•
) 

radicals, catalyzed by intracellular NADPH oxidase enzyme system. Superoxides might be 

converted into H2O2 spontaneously or more rapidly, when catalyzed by the enzyme superoxide 

dismutase. Superoxide dismutatase enzyme was potentially induced by tumor necrosis factor-α 

(TNF-α), which is an inflammatory cytokine released by activated macrophages. Both 

superoxide radical and hydrogen peroxide might be converted into hydroxyl radicals (OH
•
) in the 

presence of transition metals, such as ferrous ions (Fenton reaction). This chain reaction further 

aggravated the cellular toxicity associated with oxygen radicals in patients with RA. (Lotz, 

2003). It has been known that both H2O2 and superoxides had the ability to accelerate the joint 

bone resorption by increased activity of osteoclasts. These activated osteoclasts generated 

superoxide radicals (O2
-
) in large amounts, causing active bone resorption (Henrotin et al., 

2003).  

However, conflicting results were obtained in various research studies on superoxide 

dismutase (SOD) activity in patients of RA. In one such study, reduced activity of superoxide 

dismutase (SOD) was observed indicating enhance doxidative stress in RA (Bae et al., 2003). 

SOD has three specific isoforms: Manganese-SOD is found in mitochondria, its activity 

wasinduced by some cytokines via NF-kB pathway; Copper-zinc-SOD had constitutive 

properties; and lastly, extracellular-SOD also called SOD3 (Halliwell, 2007)  

http://arthritis-research.com/sfx_links?ui=ar1447&bibl=B1
http://arthritis-research.com/sfx_links?ui=ar1447&bibl=B2
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2.4.5 MYELOPEROXIDASE ENZYME ACTIVITY 

Myeloperoxidase enzyme is richly present in the phagocytic neutrophils, and it rapidly 

oxidizes the intracellular halides such as chloride ions (Cl
-
), and converts H2O2 rapidly into 

hypochlorous acid (HOCl), thus promoting oxidative damage by reacting readily with synovial 

amino acids to form reactive chloramines. Other halides might also contribute in these reactions, 

such as iodides and bromide. HOCl was potentially capable of producing singlet oxygen, which 

was considered another highly reactive and damaging radical present in high concentrations in 

the synovium of patients suffering from RA. (Lotz, 2003). Myeloperoxidase (MPO) contained 

heme as a tightly bound prosthetic group, and produced a strong oxidant, hypochlorous acid, 

along with H2O2 and chloride ions. A similar work on myeloperoxidase activity illustrated high 

serum levels of myeloperoxidase enzyme (MPO) in patients with RA. In addition, no significant 

differences were observed between serum levels of MPO in patients with RA with high disease 

intensity and patients with low disease intensity. The research highlighted the role of MPO in the 

production of reactive hypochlorous acid (HOCl) in pathogenesis of RA (Lisa et al., 2012). 

2.4.6 HOCL AND PROTEIN CARBONYLS 

HOCl radicals potentially reacted with cysteine and methionine amino acids in the tissue 

proteins and altered their stable tertiary conformation, and simultaneously inactivated the local 

enzymes (Davies et al., 2008). HOCl also formed chloramines by reacting with lysine residues in 

the vicinity. These chloramines potentially reacted with tissue protein carbonyls causing release 

of ammonia (Coker et al., 2008). These protein carbonyls which were produced in excessive 

amounts in RA served as important biomarkers of oxidative stress (Winterbourn et al., 2000). 

Protein carbonyls were found in high concentrations in synovial fluid, a finding correlating with 

its plasma levels. On the other hand, levels of 3-chlorotyrosine were not detected in the plasma 

of RA patients. It was probably due to rapid oxidation of 3-chlorotyrosine by strongly reactive 

radicals such as HOCl and peroxynitrites at inflammation sites (Whiteman et al., 2008). 

Therefore, it was further suggested that HOCl radicals were probably not involved in the 

generation of protein carbonyls in the plasma of patients with RA.      

Hypochlorous acid (HOCl) also activated neutrophilic intracellular enzymes such as 

gelatinases and collagenases, which aggravated cartilage degradation in the joints of patients 

with RA (Michelis et al., 1992). It was documented that the presence of the biomarker 3-

chlorotyrosine correlated with the excessive production of HOCl in the synovial fluid of RA 
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patients. Interestingly, only myeloperoxidase (MPO) enzymes were capable of producing HOCl 

within the affected synovium. Study in the past revealed a strong association between plasma 

MPO levels and 3-chlorotyrosine levels indicating that MPO catalysed the formation of HOCl in 

the synovial fluid (Winterbourn and Kettle, 1996). These observations clearly indicated that 

HOCl was mainly responsible for the oxidative damage to proteins within the inflamed RA joint. 

Moreover, in recent years it has been observed that HOCl was more highly reactive than H2O2, 

or even peroxynitrite radicals (Winterbourn, 2008). HOCL rapidly oxidized methionine and 

cysteine amino acids in the synovial tissue, causing progressive disintegration of structural 

proteins (Chapman et al., 2003). MPO was also implicated in generating various damaging 

oxidants, such as urate hydroperoxide and hypothiocyanous acid radicals in the synovial tissue of 

RA patients, thus further perpetuating the oxidative stress (Meotti et al., 2011).  

2.4.7 8-HYDROXY-2’-DEOXYGUANOSINE 

It is derived from oxidation of deoxyguanosine, and is considered as one of the major by-

products of DNA oxidation, resulting from oxidative stress to tissue cells. Oxidative damage to 

DNA by oxygen radicals resulted in the production of (8-OHdG) 8-hydroxy-2'-deoxyguanosine, 

which was detected in high concentration in urine of patients of RA, compared to healthy 

individuals. (Rall et al., 2000). The reactive oxygen species and the nitrogen species damagedthe 

DNA strands directly, and also impairedthe repair mechanisms in DNA, such as strand breakage 

or nucleotide codon damages. Reactive products derived from DNA were formed, such as 8-oxo-

7-hydro-deoxyguanosine due to the reaction of deoxyguanosine with OH radicals, which were 

typically elevated in sera and leukocytes of patients of RA. (Hajizadeh et al.,2003). DNA 

modification by this oxidative damage by radicals such as peroxynitrites and N-nitrosamines, led 

to mutations in the somatic cells. This mutagenesis was evident in synovial tissue of RA patients, 

as the DNA repair mechanism became typically defective due to this oxidative stress. (Lee et al., 

2003).  

2.4.8 NITRIC OXIDE 

It has been known that Nitric oxide (NO) is the most significant mediator in the chondrocyte 

death and gradual destruction of cartilage destruction. It mediated this destruction by repressing 

the synthesis of synovial proteoglycans and collagen type II (Taskiran et al., 1994). Further 

research highlighted the involvement of NO in mediating enhanced apoptosis of joint 

chondrocytes. (Hof et al., 2000). On the same lines, another scientist concluded that increased 
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nitric oxide accumulation in affected joints enhances the apoptosis of chondrocytes (Rees et al., 

2003). In another research on the inflammatory role of NO, it was noted that NO activates matrix 

metalloproteinases (MMPs), and simultaneously inhibits the synthesis of structural collagen by 

the joint chondrocytes. NO acted as a local vasodilator with in the synovium, which aggravates 

the extravasation of fluid into the inflammatory site. Earlier, it was documented that NO was 

capable of efficiently binding with localized reactive oxygen species (ROS) to produce highly 

reactive peroxynitrite radicals, which enhancedthe chondrocyte apoptosis (Lotz et al., 1999). 

Nitric oxide synthase enzyme is an inducible enzyme and, in RA, it was considered as a major 

source of NO production within the narrow intra-articular environment. (Tesch et al.,2002).  

2.4.9 AGGRAVATED IMMUNE RESPONSE 

The oxidative stress in RA led to marked hypo-responsiveness in the circulating T 

lymphocytes, thus inducing progressive degradation of the local tissue proteins. The 

immunogenic functions of T lymphocytes were significantly influenced by changes in the redox 

balance within the cells. It was documented that exposure to reactive oxygen radicals in the 

synovium down-regulated the functions of the circulating T lymphocytes (Jones, 2006). 

Oxidative stress mediatedthe oxidation of LDL particles within the synovium, thus setting up a 

vicious cycle of inflammation, such as chemokines secretion and upregulation of adhesion 

molecules. Tissue macrophages and monocytes phagocytosed these oxidized LDL particles, thus 

forming the foam cells, histologically seen in the synovial fluid of many RA patients. (Dai et al., 

2000). It has been recently found that in RA, the myeloid cells which migrated from the blood 

circulation into the diseased joint showed abubdant toll-like receptors 5 (TLR-5) on the surface, 

as compared to healthy subjects. Activation of these TLR5 receptors led to the characteristic 

angiogenesis within the joints of RA patients. The toll-like receptors (TLRs) up-regulatedthe 

production of TNF-alpha (TNF-α), which was a potent and active inflammatory mediator, by 

recruiting large numbers of myeloid cells into the affected joint. These myeloid cells got actively 

transformed into osteoclasts, which were responsible for the typical bone erosion and 

degradation seen in RA patients (Kim et al., 2014).  

2.4.10 ADVANCED GLYCATION END-PRODUCTS (AGEs) 

Oxidative stress in RA caused non-enzymatic damage to the tissue proteins by the 

process of glyoxidation, involving mainly the lysine and arginine residues of synovial tissue. 
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This led to the production of advanced glycation end-products (AGEs). Antibodies to AGE-IgGs 

were specifically detected in the sera of patients with RA (Lee et al.,2003).  

2.4.11 PROTEIN THIOLS 

In another study, a small group of 40 RA patients receiving conventional treatment, were 

included for estimation ofoxidative stress markers, glutathione, total thiols, ascorbic acid and 

malondialdehyde. Another small group of patients with RA were also included, receiving the 

same conventional treatment, but supplemented with antioxidant preparations. Blood analysis 

were performed for the estimation of oxidative stress markers, glutathione, total thiols, ascorbic 

acid and malondialdehyde in both groups. It was observed that the serum concentrations of 

glutathione, total thiols and ascorbic acid were significantly lower in patients of RA receiving 

conventional treatment, while they were normal in patients receiving antioxidant supplements. 

Similarly, MDA levels were found significantly higher in these patients with RA, thus indicating 

an oxidative stress pattern in RA. (Jaswal et al., 2003). It was documented that these protein thiol 

groups scavenged the reactive radicals within the synovial tissue; therefore, spared the utilization 

of antioxidants at the site of inflammation. Their estimation in serum of RA patients served as a 

useful indicator of antioxidant defense activity against these highly reactive radicals (Taysi et al., 

2002).  

Determination of protein oxidation levels in plasma of patients with RA and osteoarthritis 

was conducted in another study and it was observed thatthe plasma levels of protein thiols were 

significantly low in both patient groups. Interstingly, the plasma thiol levels were considerably 

lower in patients with RA, compared to the patients with primary osteoarthritis, undermining a 

higher oxidative stress levels in patients with RA. Low serum thiol levels provideda good 

evidence for antioxidant protection in patients with RA (Sermin et al., 2010).  

2.4.12 MICRNONUTRIENTS 

Studies conducted on the possible role of micronutrients in the pathogenesis of RA have 

documented the role of various antioxidants associated with delayed disease onset, and also in 

suppressing the production of oxidative radicals. However, conflicting results were obtained, but 

overall; supplements of antioxidants certainly exerted a protective role in the disease 

progression. It has been observed that α-tocopherol (vitamin E), selenium, β-carotenes and total 

anti-oxidant index were inversely related to disease progression and development of RA 

(Comstock et al., 1997). It has been shown that the administration of α-tocopherol supplements 
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(vitamin E) resulted in significant decreased rate of destruction of articular cartilage in an 

experimental animal model of RA, however, tocopherol did not alter the overall active 

inflammatory components in the synovium of RA (De-Bandt et al., 2002). 

A prospective study on the protective role of micronutrients in diagnosed patients of RA 

provided an insight of relationship of various micronutrients such as zinc, carotenes, selenium 

with the disease progression. A cohort of about 29,368 women was included, aged 55-69 years. 

It was concluded in the study that vitamin E and vitamin C supplements were associated 

inversely with clinical outcomes in rheumatoid arthritis. Earlier, a case-control study in Finland 

(Heliovaara et al., 1994), documented that the patients of RA, (n = 27), had low serum serum 

levels of α-tocopherol (9% lower, p = 0.29). β-carotene levels were also significantly low pre-

diagnostically (28% lower, p = 0.12), as compared to the selected controls (n = 51).  

2.4.13 PURINE METABOLITES 

It has been worked out that the presence of purine metabolites within the inflamed synovial 

fluid in patients with RA had a significant role in the progression of inflammation (Gudbjornsson 

et al., 1999). A research conducted on the patients with RA in the past, highlighted an underlying 

defect in the oxidative phosphorylation in mitochondria, leading to decreased ATP production 

and increased production of free, toxic radicals by means of xanthine/xanthine oxidase system. 

Collectively, these impairments led to cellular accumulation of adenosine along with its 

degradation products xanthine and hypoxanthine. Both these degradation products were 

important substrates for xanthine oxidase enzyme. Molecular oxygen in this reactive 

environment was converted to superoxide radical, which was rapidly dismutated into H2O2 by 

the action of Superoxide dismutase enzyme (SOD). Thus, the increased activity of xanthine 

oxidase enzyme in the synovial tissue was responsible for enhanced production of oxygen free 

radicals leading to characteristic joint damage seen in patients with RA (Winrow et al., 1993).   

In the same line, a study conducted on 24 diagnosed patients with rheumatoid arthritis and 20 

healthy controls, estimated the activity of catalase (CAT), glutathione peroxidase (GSH-Px), 

malondialdehyde (MDA), xanthine oxidase (XO) and superoxide dismutase (SOD) in 

erythrocytes. It was concluded that RA patients had high erythrocytic activities of XO, MDA and 

SOD systems as compared to the healthy controls. On contrary, the activities of GSH-Px and 

CAT enzyme systems remained unchanged in the affected group. These results indicated that the 

production of increased amounts of free radicals by the xanthine-xanthine oxidase system was 
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most significant factor in the pathogenesis of RA, instead of a defective antioxidant system. 

(Cimen et al.,2000). In another study, plasma XO levels were observed to be high in patients of 

RA, suggesting its role in the pathogenesis of RA (Karatas et al., 2003).  

2.4.14 GLUTATHIONE PEROXIDASE 

Glutathione peroxidase (GSH-Px) is a selenium containing protein which catalyzes the 

reduction of hydroperoxides and H2O2 via oxidation of glutathione (Michiels et al., 1994). 

Catalase enzymes were located within the peroxisomal matrix, therefore, they neutralizedH2O2 

radicals generated in the core of these peroxisomes. The H2O2 radicals which were produced in 

the nucleus were finally transported to the cytoplasm via the tubules in the nuclear membrane, 

where these radicals were rapidly degraded by glutathione peroxidase enzyme. This enzyme 

mechanism also potentially degraded other peroxides within the joint vicinity (Fritz et al., 2007).    

2.4.15 F2-ISOPROSTANES 

F2-isoprostanes were useful indicators of lipid peroxidation in RA patients, and definitely 

associated with the pathogenesis of RA (Basu et al., 2001). Urinary presence of F2-isoprostanes, 

was detected in the past, and it has been observed that they were produced by the oxidation of 

arachidonic acid by oxygen free radicals non-enzymatically (Morrow et al., 1992).  

2.4.16 8-ISO-PGF2 

8-iso-PGF2α was documented as a useful biomarker of lipid peroxidation in RA. It was 

derived from the membrane-bound precursor of eicosanoids, arachidonic acid, which was 

extensively oxidized by the free radicals in the synovial tissue and subsequently hydrolyzed by 

the membrane-associated phospholipases. 8-iso-PGF2α circulated in the peripheral blood, and 

was then removed through urine. Increased levels of 8-IP levels in urinary samples of RA 

patients were observed in a previous research conducted on the patients with RA (Morrow et al., 

1992). In addition, it was documented that that the urinary 8-iso-PGF2α concentration had a 

strong association with the over-all 10-year cardiovascular risk in RA patients (Philip et al., 

2009).  

2.4.17 PENTOSIDINE 

Pentosidine was formed in increased amounts in urine of RA patients, due to enhanced 

oxygen radicals within the synovium, and is therefore, termed as an advanced glycation end-

product (AGE) (Takahashi, 2006). A similar study on pentosidine levels observed an increased 

http://link.springer.com/search?facet-author=%22M.+Y.+B.+%C3%87imen%22
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expression of AGE receptors in the synovium of RA patients, suggesting the involvement of 

AGEs in the pathogenesis of RA (Steenvorden et al., 2006).    

2.4.18 INFLAMMASOMES 

It has been known that specialized protein complexes called Inflammasomes had a vital role 

in the progression of RA. Work on experimental mice demonstrated inhibition of development of 

RA by blockage of the effects of inflammasomes, which were responsible for enhanced 

formation of (IL-1) interleukin-1, a potent inflammatory mediator (Lieselotte V and L 

Mohammad 2014). 

2.4.19 HYPOXIA-INDUCED FACTORS 

A research study supported the fact that the synovitis in RA showed characteristic hypoxic 

micro-environment that accelerated the anaerobic metabolism (Taylor et al., 2000). Synovial 

fluid oxygen concentration (PO2) was mostly found to be lower than that estimated in the venous 

blood. Hypoxic tissue injury released metallic ions, such as copper and iron which themselves 

served as catalysts for ROS generation, therefore, wereabundantly produced in the synovium of 

patients with RA (Hitchon, 2004). Most recently, role of Hypoxia Induced Factors (HIFs) in the 

pathogenesis of rheumatoid arthritis was studied, in which it was emphasized that HIF-1α and 

HIF-2α had a role in the progression of complex inflammatory processes in the effected joint. 

HIF-1α was encoded by genes HIF1A,where as, HIF-2α was encoded by EPAS1 genes.HIF-1α 

was detected within the sub-lining and deeper layers of the synovium, in contrast, the over-

expressed HIF-2α was primarily found within the intimal lining of the rheumatoid synovium. 

Enhanced expression of HIF-1α had no mentionable effect on the joint, whereas HIF-2α over-

expression in the rheumatoid joint caused a specific RA-like phenotype.  

HIF-2α regulatedthe pathogenesis of RA by modulating the functions of fibroblast-like cells 

in the joints, such as, rapid proliferation, expression of a variety of cytokines, matrix-degradation 

enzymes and chemokines. HIF-2α potentially increased the capability of joint fibroblasts to 

promote IL-6 dependent maturation and differentiation of TH17 cells; the key players in RA 

pathogenesis. (Je-Hwang et al., 2014). Similar findings suggested that HIF-1α was significantly 

associated with synovial angiogenesis (Konisti et al., 2010). 

2.4.20 ANGIOGENIC FACTORS 

Most patients of RA showed increased levels of a variety of serum angiogenic factors such as 

Angiopoietin-2 (ANG-20, Vascular Endothelial Growth factor (VEGF-D), Fibroblast Growth 
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Factor (FGF) and Matrix Metalloproteinases (MMP-2). This exaggerated angiogenic response 

was probably responsible for the characteristic inflammatory synovitis, typically seen in RA 

disease. Although a variety of cytokines and growth factors demonstrated angiogenic activity, 

but it was mainly VEGF, which had been considered most important angiogenic factor for the 

RA pathogenesis. VEGF levels showed significant increase in RA patients, which further 

consolidates VEGF role in the formation of the destructive, erosive pannus (Maruotti et al., 

2006). Other factors such as Angiopoietin-2 (ANG-2), were also observed to be over-expressed 

in chronic synovitis, resulting in enhanced proliferation of synovial vessels (Cañete et al.,2004). 

Similar findings suggested the pro-inflammatory role of placental growth factor (PGF), which 

was an important ligand for vascular endothelial growth factor receptor (VEGFR-1), responsible 

for the induction of cellular growth and subsequent migration of synovial capillary endothelial 

cells.PGF was observed to be moderately expressed in the synovium of RA patients and was 

known to be derived from fibroblast-like synoviocytes (Yoo et al., 2009). Another angiogenic 

factor, stromal-cell derived factor-1 (SDF-1) was found to be highly expressed by the interstitial 

and stromal cells in the synovium of RA, and it probably mediated angiogenesis in the affected 

joints. (Pablos et al., 2003). 

2.4.21 BASIC FIBROBLAST GROWTH FACTOR 

Basic fibroblast growth factor (bFGF) is an inflammatory cytokine, documented to be 

responsible for enhanced angiogenesis in the synovial tissue of RA patients, and it aggravated 

the inflammation cascade in affected joints (Ashraf et al., 2010). 

2.4.22 FIBROBLAST-LIKE SYNOVIOCYTES 

The lysophsphatidic acid (LPA) pathway led to the activation of specialized fibroblast-like 

synoviocytes (FLSs) in RA patients (Yoshishige et al., 2014). The expression of mRNA of LPA 

in the activated fibroblast-like synoviocytes (FLSs) was studied by obtainingsynovial samples 

from the patients of RA, and osteoarthritis (OA), and utilizing the real-time quantitative RT-PCR 

technique. It was observed that the proliferation of FLSs was significantly induced by LPA. In 

this study, they found high expression of LPA1 in FLSs of RA. These stimulated FLSs led to 

their enhanced self-proliferation, and simultaneously increased the generation of inflammatory 

mediators and intravascular adhesion molecules. The expression of LPA in RA on the cell 

surfaces was considerably higher than LPA expression by FSLs in OA. LPA markedly increased 
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the production of mediators such as, IL-6, VEGF and MMP-3 by these activated FLSs 

(Yoshishige et al., 2014).   

Lysophosphatidic acid (LPA) is a bioactive lipid, produced by rapid hydrolysis of 

lysophosphatidylcholine by a specific secretory protein, called Autotaxin (ATX) which showed 

some lysophospholipase D-like activity in the synovium (Aoki, 2004). Similarly, FLSs highly 

expressed the protein ATX within the RA synovium. In the animal models, it was demonstrated 

that the genetic ablation of ATX in the mesenchymal cells led to the attenuation of arthritis 

(Nikitopoulou et al., 2012). Moreover, it has been reported earlier, that LPA significantly 

induced the expression of mRNA of interleukin-6 (IL-6) in RA FLSs (Kehlen et al., 2001). 

2.4.23 THIOREDOXIN  

Thioredoxin has been known as a cellular reductant which reduced intracellular proteins by 

oxidation of their di-thiol groups in protein molecules, converting them into disulfides. The 

levels of thioredoxin were observed to be elevated in the synovial fluid of patients of RA 

(Maurice et al., 1999). Thioredoxin protein was an endogenous protein associated with specific 

intracellular functions, and wassecreted across cell membranes but the exact targets were not 

well known. Oxidative stress in RA simultaneously induced a redox-active system called 

Thioredoxin (Trx)/Thioredoxin Reductase (TrxR) enzyme system. In a study conducted on this 

enzyme system, blood samples were obtained from 64 patients of RA and 27 healthy subjects. 

The concentrations of thioredoxin proteins and the activity of Redox thioredoxin reductase 

enzyme activity (Trx) were significantly high in the serum of patients with RA, compared to 

controls (Lemarechal et al., 2006).  

2.4.24 MATRIX METTALOPROTEINS (MMPs-10) 

Expression of matrix metalloproteins MMP-10 was stimulated by cytokines in the affected 

chondrocytes, which significantly contributed to collagen degradation (Barksby et al., 2006).  

2.4.25 PROSTAGLANDIN-E2(PGE2) 

Synthesis of prostaglandins, primarily PGE2 by COX-2 pathway,was a significant pro-

inflammatory mechanism in RA. Inhibiting thisCOX-2 pathwayby various inhibitors, such as 

celecoxib, provided cartilage protection and facilitated symptomatic relief to patients with RA. 

(Mastbergen et al., 2002).  

2.5 ROLE OF CYTOKINES IN THE PATHOPHYSIOLOGY OF RHEUMATOID 

ARTHRITIS 
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2.5.1 INFILTRATION BY NEUTROPHILS, MACROPHAGES  

The synovial membrane was typically inflamed in RA, and it contained fibroblasts (also 

called synoviocytes) and synovial macrophages. On the other hand, the residing dendritic cells, 

plasma cells, mast cells and T lymphocytes were mainly located in the sub-synovial layer. These 

synovial macrophages were observed to have a pivotal role in mediating joint inflammation and 

subsequent destruction in the effected rheumatoid joint (Kinne et al., 2000). In patients with RA, 

the earliest lesion observed within the synovial lining of the effected joint was progressive 

proliferation of fibroblast-like synoviocytes (FLSs), and simultaneous injury to the joint 

microvasculature (Lipsky et al., 2001). A previous studyobserved that the synovial macrophages 

were activated by cytokines which were released from the activated T cells, following antigen 

presentation by the resident macrophages. Principle cytokines released were IL-12, IL-18 and 

Gamma-Interferons (IFN-ƴ). Macrophage activation also occured due to stimulation by specific 

immune complexes or bacterial fragments and products present within the synovial fluid (Vey E 

et al., 1997). Macrophages were readily activated bytoll-like receptors (TLRs) and nucleotide-

binding oligomerization domain receptors (NLRs), which potentially recognized a variety of 

pathogen-associated molecules with specific signaling cascades, and antigenic molecules, such 

as viral and bacterial ligands (Seibl et al., 2003). Following activation, macrophages released a 

variety of cytokines, chemokines and several inflammatory mediators, which aggravated the 

joint destruction and simultaneously amplified the inflammatory response in RA patients (Choy 

et al., 2001). Macrophages were the antigen presenting cells (APCs) present in the synovium, 

and also secreted the matrix degradation enzymes (MMPs), TNF-α, IL-1, IL-6, IL-12, IL-15, IL-

18, IL-23 and reactive oxygen radicals (ROS). Neutrophils were observed to be most destructive, 

and were most significant in synthesizing prostaglandins, proteases, elastases and reactive 

oxygen intermediates. Mast cells in the joints synovium locally released chemokines, cytokines 

and proteases casusing localized joint damage (Rasheed et al., 2008). Most recently, it was 

documented that the synovial neutrophils synthesizedexcessive amounts of reactive oxygen 

species (ROS), destructive proteases and local prostaglandins, all of which significantly 

contributed to synovitis in RA (Cascao et al., 2010).  

In chronic inflammatory conditions, such as RA, neutrophils not only induced the 

impairment of innate and humoral immune responses, but they perpetuatedthe inflammation by 

enhanced respiratory burst and release of chemokines (Kessenbrock et al., 2008). These 
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activated neutrophils were found in high concentrations in the synovial fluid of RA patients 

(Belcher et al.,2002). Neutrophils were excessively recruited in the RA inflamed joints possibly 

due to the  impaired regulatory responses of Th17 lymphocytes (Cascão et al.,2010). In RA, the 

activation of neutrophils induced by immune complexes led to the over production of IL-1β, 

which further induced the activation of synovial cells (synoviocytes) which excessively releasd 

chemokines, thus perpetuating neutrophilic infiltration within the inflamed joints (Sadik et 

al.,2012). 

The RA has been characterized by marked infiltration of neutrophils, macrophages, plasma 

cells and T-lymphocytes into the synovium and the synovial fibroblasts underwent tumor-like 

proliferation, which caused the formation of a typical hyperplastic pannus. Pannus proliferated 

and progressively destroyed and invaded the underlying bone and cartilage in the affected joints. 

(Martinez-Gamboa et al., 2006). Synovial fibroblasts in RA patients were observed to synthesize 

large amounts of matrix-degradation enzymes and inflammatory cytokines (Häupl et al.,2007). 

The interaction of RA synovial fibroblasts with polymorphonuclear leucocytes via the specific 

β2 integrin/vascular cell adhesion molecule (VCAM)-1 caused considerable up-regulation of 

MIP-1α enzyme synthesis within these monocytes and neutrophils (Hanyuda et al., 2003).  

Role of specific factors, like granulocyte colony-stimulating factor (G-CSF), macrophage 

colony-stimulating factor (M-CSF) and granulocyte-macrophage colonystimulating factor (GM-

CSF), considerably enhanced the maturation of immune effector cells and these factors 

simultaneously enhanced the efflux of these cells from the juxta-articular bone marrow, towards 

the effected synovium, causing progressive synovitis (Cornish et al., 2009).  

2.5.2 INTERLEUKIN-1 & TNF-α 

Normally, under physiological conditions, pro-inflammatory and anti-inflammatory 

cytokines workcoherently, and werekept in balance; however, in RA, this balance shifted 

considerably in favor of pro-inflammatory cytokines, further perpetuating the inflammatory 

response. Cytokines have usually pleiotropic functions, for example, in RA, interleukin-1 (IL-1) 

and tumor necrosis factor-α (TNF-α) both shared some of their pro-inflammatory actions, while 

IL-13 and IL-4 possessed resembling anti-inflammatory functions in RA. Multiple cytokines 

were known to accumulate within the synovium, thus acting synergistically, amplifying the 

inflammation (Van-Roon et al., 2001). Both IL-1 and TNF-α upregulated and mediated a variety 

of functions in our body. It has been known that these cytokines upregulated the genetic 
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expression of adhesion molecules over the vascular endothelial cells, which recruited other pro-

inflammatory cells at the site (Proudman et al., 1999). Studies have shown that these cytokines 

activated other cell types present in the rheumatoid joint, such as osteoclasts, macrophages, 

chondrocytes, fibroblast-like synoviocytes, and were responsible for the release of destructive 

enzymes, matrix metalloproteases (Lader et al., 1998).  

IL-1 and TNF- α both share almost similar signaling pathways intracelllarly. The TNF-

receptors (TNF-R) and the Type-1 IL-1 receptors both activated special adapter proteins which 

were called as TNF-R associated factors (TRAF), i.e. TRAF2 in of TNF- α and TRAF6 in IL-1 

(Bradley, 2001). TRAF proteins activated the signaling pathways downstream, especially the 

NF-kB pathway. Normally NF-kB was kept sequestered in the cytoplasm by IkB, keeping it 

inactive. The TRAF proteins activated IkB kinase, which phosphorylated IkB, which dissociated 

from the complex, and liberated the active NF-kB. The NF- IkB, now a transcription factor, 

translocated into the nucleus, binded with the promoter sites on multiple genes to enhance 

transcription and subsequent generation of multiple pro-inflammatory products. These products 

included many cytokines and chemokines, growth factors, adhesion molecules, cytokine 

receptors, acute phase proteins and a variety of immune-regulatory molecules. Lastly, NF-kB-

induces genes encoded the enzymes of cyclooxygenase (COX-2) pathway, responsible for the 

synthesis of prostanoids, and nitric oxide synthase (iNOS) which generated nitric oxide.  

Two principle cytokines, IL-1 and TNFα were pro-inflammatory in RA patients. Therapeutic 

regulation of IL-1 and TNF-α was of key significance in RA. IL-1 and TNF have most important 

role regarding the communication between specific inflammatory cells in the affected 

rheumatoid joint. Both IL-1 and TNF significantly up-regulated the expression of special 

molecules such as, Vascular Cell Adhesion molecules (VCAMs) on the synovial endothelial 

cells, thus mediating the emigration of inflammatory cells from the blood circulation into the RA 

synovium (Proudman et al., 1999). It has been suggested that in RA, there was a significant 

imbalance between the antagonist of IL-1 receptor (IL-1Ra) and IL-1 (Arend et al., 2001). 

2.5.3 INTERLEUKIN-6 (IL-6) 

IL-6 aggravates synovitis by stimulating neovascularization, progressive infiltration of 

synovial inflammatory cells, and hyperplasia of synovium. IL-6 was also responsible for 

cartilage and bone resorption by enhancing the osteoclast activity through induction of genes, 

particularly RANKL genes, within the synoviocytes. IL-6 and TNF-α along with IL-17, 
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amplified the differentiation and activation of osteoclasts in the effected joint (Schett et al., 

2009). IL-6 mediated over-production of specific chemokines such as monocyte chemotactic 

protein-1 (MCP-1), and also the production of IL-8 from the damaged endothelial cells, 

simultaneously inducing the formation of many vascular adhesion molecules, such as, 

intravascular Cell Adhesion Molecules (ICAM-1), on the synovial endothelial cells, which 

caused enhanced adhesion of tissue monocytes with the endothelial cells. Thus, IL-6 

considerably aggravated the synovial inflammation by amplifying the infiltration of a variety of 

inflammatory cells (Suzuki et al., 2010). 

Some anti-inflammatory effects of IL-6 were also reported by more workers and these effects 

includedthe stimulation of production of anti-inflammatory cytokines, such as IL-1RA, 

glucocorticoid production, and simultaneous suppression of TNF and IL-1 (Nishimoto et 

al., 2000). IL-6 and its cognate receptors were shown to repress matrix genes of cartilage, such 

as proteoglycans, through the STAT signaling pathway. (Legendre et al., 2003).   

2.5.4 RANKL GENES 

Although the blockade of RANKL resulted in effects on the bones only, its inhibition had no 

significant regressive effects on the inflammation or progressive degradation of joint cartilage in 

RA (Schett et al., 2008).  

 

2.5.5 ROLE OF OTHER CYTOKINES & CHEMOKINES 

Apart from IL-1 and TNF, other cytokines were also richly present within the synovial 

membrane of RA patients. These cytokines included granulocyte macrophage-colony stimulating 

factor, IFN-γ, IL-6, IL-16, IL-15, IL-17, IL-18 and IL-21. Chemokines which were released 

include, monocyte chemoattractant protein-1, macrophage inflammatory protein-1α and IL-8. In 

normal individuals, these pro-inflammatory cytokines were balanced by some anti-inflammatory 

cytokines, for example, Interleukin-4, IL-10, IL-11, Interleukin-13, IL-1 receptor antagonist (IL-

1ra), soluble TNF receptor (sTNF-RI) and IL-18 binding proteins. In the joints of RA patients, 

there was overwhelming formation and action of pro-inflammatory cytokines (Arend, 2001). 

Recently, new novel cytokines were documented in the pathophysiology of RA, which 

included, IL-17, IL-18, RANK ligand (RANKL), which significantly contributed to the 

formulation of better and effective therapies for treating RA. It has been obervedthat the T cell 

released IL-17, was an important cytokine for the osteoclasts induced bone resorption via over-
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expression of RANKL genes (Van Bezooijen et al., 1999). Apart from IL-17 A, it has been 

documented that IL-17F was an important contributor to the activation of fibroblasts, but it was 

considered less potent than IL-17A. (Zrioual et al., 2009). IL-17A was synthesized mainly in the 

T cells, while IL-17F was produced in T cells, epithelial cells and innate immune cells (Ishigame 

et al.,2009). Elevated levels of cytokine IL-17 have been detected in the inflammed synovial 

tissues of RA patients (Lubberts et al.,2001). Therefore,IL-17 was considered to have a central 

role in the erosive destruction, by supplementing the effects of tumor necrosis factor (TNF) and 

IL-1 (Miossec et al., 2003). 

2.5.6 ROLE OF HUMORAL IMMUNITY IN THE PATHOGENESIS OF 

RHEUMATOID ARTHRITIS 

Plasma cells and their precursors, plasmablasts were richly present in the synovium, and also 

found within the juxta-articular bone marrow. B cells in the synovium were primarily located in 

T-cell-B-cell aggregates, however, few tissues exhibited ectopic follicles of lymphoid tissue 

which expressed certain proliferation factors such as, B-lymphocyte stimulator (BLyS), 

chemokine ligand 14 and CC chemokine ligand 21 (Ohata et al., 2005). A previous study had 

demonstrated the role of immune-modulatory Peroxisome proliferator-activated receptors 

(PPAR-γ factors), which were highly expressed within the synovial fibroblasts, macrophages and 

endothelial cells of patients with RA. Strong expression of these transcription factors was 

observed in the patients with RA (Yutaka et al., 2000).  

2.5.7 C- REACTIVE PROTEIN (CRP) 

CRP is synthesized in the liver due to stimulation by IL-6, thus acting as a useful marker of 

disease activity in RA, and was associated with an increased incidence of plaques in the carotid 

arteries (Yildirim et al., 2004). 

2.5.8 COX-2 PATHWAY EXPRESSION 

Prostaglandins are lipid eicosanoids, produced via cyclo-oxygenase-1 and cyclo-oxygenase-2 

pathways (COX-1 and COX-2) derived from its precursor arachidonic acid, playing a key role in 

inducing an inflammatory response in RA. Furthermore, these COX-1 and COX-2 pathways 

have been primes targets of various Non-steroidal anti-inflammatory drugs (NSAIDs) for 

limiting the inflammatory damage in RA. COX-1 was highly expressed in inflammatory cells in 

RA, and a studyhighlighted that there was evidence for COX-1 pathway induction during 

inflammatory responses mediated by lipopolysaccharides (LPS) (McAdam BF et al., 2000). It 
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has been known that prostaglandin I2 (PGI2) was abundantly present in the synovial fluids of 

knee joints in arthritis, and suppressed the immune response in RA (Higgs GA et al., 1983). 

Prostaglandin D2 (PGD2) has long been associated with inflammatory disorders and it potentially 

modulated the development of exaggerated immune responses in RA (Urade Y et al., 1989). 

Prostaglandin F2α (PGF2α), was mainly derived from COX-1 pathway, and it has been seen that 

the administration of PGF2α caused acute inflammatory response (Sugimoto Y et al., 1997). 

Some recent studies have demonstrated that in RA, COX-2 was highly expressed, as 

compared to patients of osteoarthritis (OA). It has been observed that both IL-1 and TNF were 

significantly involved in up-regulating the expression of COX-2 pathway within the rheumatoid 

synoviocytes (Stichtenoth et al., 2001). Studies conducted on the animal models in the past have 

shown that PGE2 considerably induced bone resorption in the affected joints via synovial 

osteoclasts (Lader CS, 1998). This bone resorption by PGE2 was mediated through the EP4 

receptors via cAMP dependent mechanism (Miyaura et al., 2000). High concentrations of PGE2 

in the synovium, stimulated the release of cellular degradative matrix metalloproteinases 

(MMPs), which progressively degraded the articular cartilage. Both these important cytokines 

stimulated the proliferation of synoviocytes, which led to the formation of erosive pannus. In 

RA, synovitis occurred, when the leukocytes excessively infiltrated the synovial tissue within the 

joint compartment. Leukocytes accumulated due to enhanced migration from the intra-vascular 

compartment. This leukocytic migration was mediated by microvascular endothelial activation in 

the synovium, which significantly increased the expression of specific adhesion molecules such 

as selectins, integrins, chemokines and gamma globulins. There was subsequent enhanced neo-

angiogenesis, induced by cytokines and localhypoxic conditions, which impaired the cellular 

integrity, leading to typical features of synovitis (Szekanecz et al., 2009). 

2.5.9 PANNUS FORMATION 

Pannus, which was a characteristic feature in this disease, was the osteoclast-rich portion of 

the synovial membrane. It destroyed the bone, whereas, the enzymes secreted by both 

synoviocytes and chondrocytes progressively degraded the cartilage. A key feature of RA has 

been the conversion of fibroblast-like synovial cells in self-proliferating, hypeprlastic tissue 

which was infiltrative in nature. This hyperplastic tissue lacked inhibitory control by factors, and 

potentially expressed a variety of oncogenes. These oncogenes were characteristic of those cells 

which had escaped the mechanisms of growth regulation. (Tak et al., 2000). The eroded bones 



CHAPTER TWO  REVIEW OF LITERATURE 

  UMER, 2017 

34 
 

exhibited very little evidence of gradual repair in patients of rheumatoid arthritis, while repair of 

bone was significantly observed in most other inflammatory arthropathies. The important 

cytokine-induced mediators, such as, frizzled-related protein 1, inhibited the differentiation of 

mesenchymal precursors into specific osteoblasts and chondroblasts (Diarra et al., 2007).   

Granulations were formed within the synovial membrane which mostly extended and 

penetrated into the peri-articular structures leading to contractures. These granulations might 

even break through the internal layer of the synovial membrane, and subsequently eroded the 

articular cartilage (pannus), and caused its progressive destruction. When the opposing cartilages 

were completely eroded, the granulations contracted to form adhesions, leading to debilitating 

fibrous ankylosis of the effected joint. Progressive destruction of cartilage RA showed impaired 

homeostasis function of the effected chondrocytes, which resulted in increased cartilage 

catabolism due to degradation of extracellular matrix by means of specific matrix 

metalloproteinases and suppression of adequate synthesis of extracellular matrix. There was 

induction of inflammatory inducible enzymes, cytokines, chemo-attractants, chemokines and 

resultant activation of NF-κB signaling pathway. Damage to the cortical bone allowed synovial 

encroachment up to the bone marrow, resulting in the inflammation of the bone marrow (called 

as osteitis), with appearance of aggregates of B-cells and T-cells, which gradually infiltrated and 

replace the marrow fat (Jimenez-Boj et al., 2005).  

In RA, there was a cascade of immune-inflammatory reactions resulting due to interaction of 

genetic and environmental factors, causing progressive joint damage, synovial inflammation and 

erosive bone damage (McInnes et al., 2011). Earliest immune response involved the dendritic 

cells, which expressed chemokines and many cytokines, most significant of which were 

interleukins (IL)-12, 15, 18, and 23 and HLA class II molecules. These cytokines activated T-cell 

via antigen presentation. (Huppa et al., 2003). These activated T-cells subsequently 

recruitedmore T helper (Th) cells (for example Th17). These Th17 cells secrete IL-17A, IL-17F, 

IL-21, IL-22, and TNF-α. Furthermore, recruited macrophages and dendritic cells both secreted 

transforming growth factor β, IL-1β, IL-6, IL-21, and IL-23, thus creating an invasive, enhanced, 

inflammatory environment within the synovium. Synovial B-cells, which were overwhelmingly 

stimulated by Th17 cells, mediated the humoral adaptive immunity. These cells also secreted 

auto-antibodies, simultaneously stimulate the synovial fibroblasts by secreting cytokines such as 

lymphotoxin-β and TNF (Isaacs, 2010).  
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In this regard, RA was, therefore, considered primarily to be a disease that was mediated by 

T1 helper cells, and recent studies focused much more on the role of T 17 helper cells (Th17), 

which produced interleukin-17A, IL-17F, IL-21, IL-22 and tumor necrosis factor α (Miossec et 

al., 2009). Interleukin-17A, which potentiated TNF-α to promote the activation of synovial 

fibroblasts and proliferation of chondrocytes, was focused in many clinical trials (Genovese et 

al., 2010). Type I gamma interferons were observed to be present at high concentrations within 

the rheumatoid joints, which inhibited the apoptosis of neutrophils through the PI3K-mechanism. 

This process required the activation of protein kinase C-delta and induction of NF-kB-regulated 

genes (Wang et al., 2003). Increased activation of the transcription factor, NF-κB from cytokines 

and growth factor signaling pathways, stimulated the prolonged survival of neutrophils causing 

enhanced ROS production through NADPH oxidase enzyme activation in the synovium (Scapini 

et al., 2000). 

2.5.10 ROLE OF SYNOVIAL FIBROBLASTS 

In RA, synovial fiborblasts were significant producers of interleukin-6 (IL-6) and 

chemokine IL-8 (CXCL8).  IL-6 expression in the patient synovial fluid was closely associated 

with inflammatory markers (Gabay, 2006). In healthy subjects, synovial fibroblasts (FLSs) 

physiologically provided the interacting joint cavity and the adjacent articular cartilage with 

nutrition, plasma proteins, and a remarkable lubricating agent, hyaluronic acid. FLSs performed 

continuous remodeling of the matrix by synthesizing vital matrix components, mainly collagen, 

and also the matrix-degradation enzymes. FLSs were specifically not the components of human 

immune system. These FLSs, together with macrophages, were key mediators of destructive 

process in RA, where they actively promoted degradation and inflammation of the joint by 

excessively forming matrix-degradation molecules and inflammatory cytokines. Some reliable 

markers for the activity of FLSs have been suggested, such as vimentin, prolyl-5-hydroxylase 

and Thy-1. This provided us some insight into this transition process of FLSs from a normal 

mesenchymal cell to a markedly destructive cell in synovium playing a key role in RA (Müller-

Ladner et al.,2007).  

In RA, the synovial membrane lining proliferated, and the fibroblast-like synoviocytes 

(FLSs) lost their contact inhibition, and highly expressed certain specific chemokines 

andcytokines, matrix metalloproteinases(MMPs) and chemokines, adhesion molecules and tissue 

inhibitors of metalloproteinases (TIMPs) (Filer et al., 2006). These FLSs further contributed to 
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the direct destruction of the local joint cartilage, thus enhancing the deleterious effects of chronic 

inflammation within the synovial tissue. FLS, therefore, promoted a feasible microenvironment 

which sustained enhanced survival of T-cells and B-cells (Bradfield et al., 2003). Activation of 

NF-κB pathway by cytokines significantly favored the survival of FLSs, specifically after TNF-α 

receptor ligation. Subsequent acetylation and methylation of regulatory genes of cell-cycle and 

enhanced expression of micro-RNAs were suggested to be crucial in the enhanced FLSs survival 

(Stanczyk et al., 2008). Further workup on RA pathogenesis revealed that β-catenin and 

cadherin-11 proteins were responsible for mediating the FLS-homotypic interactions, which 

accentuated the chronic inflammatory response of synovial tissue in patients with RA (Djouad et 

al., 2005).  

2.5.11 ANTI-CITRULLINATED PEPTIDES 

Many citrullinated, modified, self-proteins were detected in anti-CCP assays. These included 

α-enolase, fibrinogen, keratin, collagen, vimentin and fibronectin. About 40 to 60% of ACPA-

positive patients with rheumatoid arthritis were seropositive for these citrullinated α-enolase, 

which were strongly associated with HLA-DRB1*04, PTPN22, and smoking (Mahdi H et al., 

2009).  

Antibodies against citrullinated peptides (collagen type I and type II) have been more specific 

than rheumatoid factor (RF), and detected more frequently in RA patients than in control groups 

(Konttinen et al., 2001). Previously, a study was conducted to compare the accuracy of anti-CCP 

antibody and rheumatoid factor (RF) as reliable markers in the diagnosis of RA. The sensitivity 

of anti-CCP antibodies was found to be 67% and of immunoglobulin M (IgM) RF was 69%. The 

pooled specificity was 95% for anti-CCP antibodies and 85% for IgM RF. Similarly, Anti-CCP2 

was found to be a more sensitive marker than anti-CCP1. It was concluded that the risk of 

radiographic progression of RA was significantly greater with anti-CCP antibody positivity than 

with IgM RF positivity in patients diagnosed with RA (Nishimura et al., 2007). 

The predictive value of anti-CCP antibody testing in healthy individuals was studied, and 

the potential role of anti-CCP antibody testing, in predicting the onset of RA in healthy subjects 

was documented. These subjects might be at risk of developing RA later in their lives (Avouac et 

al., 2006). Previously, a similar study reported significantly high levels of anti-CCP antibodies in 

the synovial fluid, as compared to CCP levels in the serum (Vossenaar et al., 2004). Anti- cyclic 

citrullinated peptide antibody had been strongly linked with the development cartilage erosion in 
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the joints of RA patients. These antibodies were specifically directed against those antigens 

which contained citrulline, such as, citrullinated fibrin, present in the rheumatoid joint. It has 

been known that citrulline was produced by the enzyme peptidyl arginine deiminases through 

post-translation modification (Vossenaar et al., 2003). In another research, it was observed that 

these antibodies against citrullinated antigens were produced in excess within the joints of RA 

patients (Snir et al., 2010). Regarding the presence of anti-CCP antibodies in the serum of RA 

patients, a research study concluded that about 50% of patients of palindromic rheumatism 

eventually progressed to rheumatoid arthritis, and, similarly, among 83% of these confirmed 

patients of RA had high titers of anti-CCP antibodies in their blood. Thus the presence of anti-

CCP antibodies in patients clinically presenting with palindromic rheumatism certainly 

determined and predicted their progression to the development of RA in future. (Russell et al., 

2006). In a similar research on patients clinically presenting with early manifestations of 

arthritis, it was observed that the patients having serum levels of anti-CCP ≥ 50 or IgM 

rheumatoid factor ≥ 40 certainly predicted their progression to RA with a specificity of 96.7% 

and sensitivity of 55.4% (Jansen et al., 2002). The presence of anti-CCP antibodies 

wasconsidered the most significant risk factor for the development of RA, with an odds ratio 

(OR) of 37.8 (95% confidence interval 13.8-111.9) (Van Gaalen et al., 2004). 
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3.0 MATERIALS AND METHODS 

This study was approved by Research and Ethics Committee at the University of Lahore. 

Three hundred eighty eight (388) adult males of mean age 40-70 years were included in the 

following study and were evaluated for different physiological and biochemical parameters. 

Patients under study were divided into two groups: 

3.1 GROUP A 

One hundred (100) age and sex matched healthy adult males were selected as positive 

controls in the present study. These selected healthy adult males had no underlying infective 

disease such asacquired immune deficiency syndrome (AIDS), hepatitis B (HBV) or hepatitis C 

(HCV) viral infection, cancer or any congenital deformity.Blood and synovial fluid samples were 

equally normal with no detection of arthritis. 

3.2 GROUP B 

This group consisted of two hundred eighty eight (288) adult males, with clinical and 

radiographic diagnosis of rheumatoid arthritis 

3.3 INCLUSION AND EXCLUSION CRITERIA 

Patients with high blood levels of erythrocyte sedimentation rate, (ESR), C-reactive 

proteins (CRP) and Sero-positive for rheumatoid factor (RA-factor) were included in the current 

study as patients with RA. Whereas, the individuals with history of non-steroidal inflammatory 

drugs or antibiotic therapy in past three months were excluded from the current study. In 

addition, individuals with any history of arthritis, diabetes, Hypertension, Cardiovascular and 

liver disease were also excluded. Likewise, smokers were not included in this study. Informed 

consent was taken from all the patients included in this study. All the healthy controls had no 

history of specific medications such as multivitamins, immune suppressants or alcohol intake. 

These healthy males had no chronic infection or metabolic dysfunction which could possible 

interfere with the biochemical results. Pre-formed protocols were approved by the Ethical 

committee of Institute Of Molecular Biology and Biochemistry (IMBB), The University Of 

Lahore (UOL). For the analytical assessment, venous blood samples were obtained from the 
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anticubital vein of each participant and the blood samples were then centrifuged within one after 

extraction. The separated serum was then stored at -70°C for the future assays. 

3.4 CHEMICALS  

Reagents and chemicals of high analytical grade were acquired from Sigma Chemical Co. 

(St. Louis, Mo, USA). 

3.5 BIOCHEMICAL ANALYSIS OF DIFFERENT VARIABLES IN PATIENTS OF 

RHEUMATOID ARTHRITIS AND HEALTHY CONTROLS 

3.5.1 ESTIMATION OF THIOBARBITURIC ACID REACTIVE SUBSTANCES 

(TBARS) 

Thiobarbituric acid reactive substances (TBARS) or Malondialdehyde (MDA) were 

estimated in the patients of rheumatoid arthritis by a method that employs the use of calorimeter. 

For the purpose first of all (TBARS) were estimated by spectrophotometric analysis (Ohkawaet 

al., 1979). Sample of almost 200 µl to 2ml was taken in a tube and was added with about 0.2ml 

of SDS (sodium dodecyl sulfate) 8.1%. After wards, 1.5ml of acetic acid and TBA were added 

into the sample solution. It was then centrifuged at the speed of 3000 rpm for ten minutes and 

then the upper layer was separated and its absorbance was measured at the wavelength of 532 nm 

against an appropriate blank. Finally solution levels were expressed in milimoles. 

3.5.2 DETERMINATION OF ISOPROSTANES  

For the estimation of Isoprostane its 8-Isoprostane EIA standard was added in every test 

tube. About 50 µl sample and 8-isoprotane AChE Tracer was added in each well. Afterwards 8-

isoprotane EIA antiserum was added in the wells. Plates were then covered with the thin plastic 

film and were allowed to stand for 18 hours at 4
o
C. These wells were then emptied and rinsed 

with wash buffer for five times. Then about 200 µl of Ellman‟s reagent and 5 µl of tracer were 

added into it. Finally wavelength was recorded at 405-420nm (Maxey et al., 1992). 

3.5.3 DETERMINATION OF 8-HYDROXY-2’-DEOXYGUANOSINE (8-OHdG) 

8-hydroxy-2deoxyguanosine (8-OHdG) was estimated in the serum of patients with the 

help of commercially available ELISA kit by Glory Science Co. Ltd. USA. For the 
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determination, standards were prepared as mentioned in the kit protocol, followed by incubation, 

washing, addition of conjugate enzyme and reading the incubation plate at 450nm finally. 

3.5.4 ESTIMATION OF 4-HYDROXYNONENAL (HNE) 

 For the estimation of HNE, blood samples were drawnand mixed with 4ml citrate, once 

mixed, it was subsequently cooled down and was stored in a closed, sterile plastic tube. 

Afterwards, 3 ml of blood was centrifuged and 1 ml of plasma blood was separated it. Then 

added 10 µL of BHT and 0.5ml of DNPH, and stored for almost 3 hours. Afterwards it was 

assayed by first diluting it with the distilled water and pouring it into the Extrelut column, 

especially filled with almost 1.6 g of ectrelut material. Then about 40ml of dichloromethane was 

applied to the column, producing a yellowish color, and was then collected into a round bottom 

flask. Dichloromethane was then separated by applying high pressure and was immediately 

applied onto the adsorption chromatography and was cooled in ice. After High Pressure Liquid 

Chromatography (HPLC) is done, the eluted fraction contained HNE band with an intense 

yellow color.  HNE-hydrazone was added to stop the reaction, it was allowed to evaporate on a 

rotary and residue was re-dissolved in 200 µL methanol and cooled in ice. Again 20 µLwas 

injected into HPLC apparatus and absorbance was recorded at the wavelength of 370nm. A peak 

was identified by comparing the retention time and peak height on the sample chromatograms. 

3.5.5 ESTIMATION OF GLUTATHIONE (GSH) 

Estimation of Glutathione (GSH) in the blood of patients of rheumatoid arthrititis was 

done according to the method explained by Moron et al., 1979. Glutathione (GSH) was first 

reacted with the reagent to produce a chromophore TNB and then its absorbance was measured 

at wavelength at 412nm. Glutathione was estimated by calculating the amount of oxidized 

glutathione and absorbance was repeated after every fixed interval. Amount of glutathione was 

determined after plotting a standard equation by preparing dilutions of glutathione (Tietze, 

1969). 

3.5.6 ESTIMATION OF CATALASE (CAT) 

Catalase was determined according to the generalized procedure of Aebi, 1974. 

Evaluation was made with the help of spectrophotometer by reducing the absorbance to 
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230nm. Sample was then homogenized by the help of phosphate buffer (pH 7.0) at 1-4
0
C and 

sample was then centrifuged at 5000 rpm. The mixture contained phosphate buffer, H2O2 and 

the enzyme extract. The specific activity of Catalase will be expressed in terms of units/gram. 

Procedure was repeated with the standardized dilutions of Catalase and absorbances were 

measured to generate the standard curve. 

3.5.7 ESTIMATION OF SUPER OXIDE DISMUTASE (SOD) 

Activity of Superoxide dismutase (SOD) was estimated by the method of Kakkar et al., 

1972. In this method, appropriate amounts of samples and buffer were mixed to maintain the 

appropriate levels of pH and 0.052M concentration. About 100µl of phenazine methosulfate was 

then added followed by the 0.3ml of nitro blue tetrazolium (300μ m) and 0.2 ml of NADH (750 

μmol). As the NADH was added it initiated the reaction instantly afterwards it was incubated at 

300
o
C for 90 seconds. Finally 0.1ml of glacial acetic acid was allowed to stand for few minutes 

to stop the reaction and centrifugation was done to separate the upper layer of n-butanol. 

Intensity of color was then measured by the help of spectrophotometer at 560nm. And the 

absorbance was compared with the dilutions of SOD by plotting standard curves. 

3.5.8 ESTIMATION OF GLUTATHIONE REDUCTASE (GR)    

 Glutathione reductase was determined by the method of David and Richard (1983).  It is 

employed in the conversion of oxidized glutathione into reduced form Glutathione reductase 

catalyses the conversion of oxidized glutathione to reduced glutathione employing NADPH, so 

the amount of NADPH is a direct measure for the following enzyme activity. Reagents such as 

PBS, EDTA and sodium azide are used in following ratios (0.12 M, 15 millimole, and 0.1ml), 

0.1 ml oxidized glutathione and 0.1 ml sample were added into the cuvette and 600 micro liter 

distilled water was added to make the volume upto 2ml, it was then incubated for 3 minutes and 

0.1 ml NADPH. Absorbance was measured at 340nm with help of spectrophotometer after every 

15 seconds interval for 2-3 minutes. Controls contained water instead of oxidized glutathione. 

The activity of GR represented as micro moles of NADPH oxidized/minute/g of sample. 

3.5.9 DETERMINATION OF GLUTATHIONE PEROXIDASE (GPx) 

 GPx concentration was estimated by spectrophotometeric analysis. Sodium azide solution 

was taken. GPx solution 0.1 ml, along with glutathione were added into the NADPH vial. It was 
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then mixed by inversion and its pH was maintained upto 7.0 at 25
o
C with 1M HCl. Finally vial 

was added with the 48mM sodium phosphate, 0.38mM ethylene diamine-tetra acetic acid, 

0.95mM sodium azide, 0.12mM NADPH, 3.2 units of GPx and 0.075 to 0.15units of GSH. After 

5 minutes absorbance was measured at 340nm (Aebi and Bergmeyer, 1983). 

3.5.10 DETERMINATION OF INTERLEUKINS LEVELS (ILs) 

Levels of interleukins i.e., 1,2,4,10,11,13 in serum were evaluated by commercially available 

ELISA kits (Quantikine High Sensitivity Human IL-6 kit, R&D Systems Inc, USA), according to 

the manufacturer protocol. Minimum detectable concentrations by this method remained 

0.03 pg/ml. For the determination of ILs, standards were prepared ranging from 0 to 200 pg/mL 

concentrations. After the formation of standard solutions, their dilutions were prepared with 

about 100 microliter each, and after their preparation they were pipetted into previously prepared 

assay plates. As the chemical reaction started, it was allowed to stand for about two hours at. 

After incubation, it was washed with the help of ELISA strip washer solution for eight times 

under the expense of 350 μl/well of wash buffer. Washing of the plate was followed by the 

inversion of plates over the adsorbantpaper, which was completely dried off. Then 100 μl of 

reagent, antibody solution and HRP conjugate solution was added into the plate, and final 

incubation was done at 37
o
 C for about one hour. Again the plates were washed with buffer 

solution for 8 times, after the incubation was done. Finally, 150 μL substrate was added into each 

of the well and again kept in the state for about fifteen minutes in the dark at 37
o
 C. Development 

media was then added in the plate and plate was again incubated for about half hour in the dark 

at 37
o
 C.  As top solution provided by R & D systems was added in the plate prior to reading.  

3.5.11 DETERMINATION OF NITRIC OXIDE (NO) 

Nitric Oxide was determined in the group of arthritic patients. NO is produced in 

picomolar and nanomolar ranges and possesses a very short half-life (t1/2 <5s) in the biological 

fluids; therefore, direct assessment of NO is difficult,but is estimated in the mean of NO2¯ and 

NO3¯, performed to estimate NO level in biological fluids and cell culture medium (Moncada et 

al., 1991). Nitrite concentration was measured by the well-known method known as colorimetric 

Griess assay (Moshage et al., 1995).Sulfanilic acid was quantitatively converted to a diazonium 

salt under the reaction carried out by reacting nitrite in acid solution. The diazonium salt was 
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then coupled to N-(1-naphthyl) ethylenediamine, which formed a dye which was then measured 

at 548nm with help of spectrophotometer, and then the dye was quantified. 

3.5.12 ESTIMATION OF INDUCIBLE NITRIC OXIDE SYNTHASE (iNOS)  

 iNOS was determined by its commercially available ELISA Kit (ABCAM). Standards 

were prepared according to the given kit protocol. Samples were added into the wells with the 

help of micropipette, conjugate enzyme was added and plate was then incubated for the 

appropriate time. After washing the plate with wash buffer, stop solution was added, absorption 

was taken by ELISA reader. 

3.5.13 DETERMINATION OF ADVANCED OXIDATIVE PROTEIN PRODUCTS 

(AOPPs) 

                        AOPPs were measured in the plasma of patients by using the semi-automated 

spectrophotometeic method (Model MR 5000, Dynatech, Paris, France), calibrated with help of 

chloramine-T standards (Sigma, St. Louis, MO). About 200 ml of plasma was diluted with 

phosphate buffer saline (PBS) with ratio 1:5, and then poured into the microtiter plate (Becton 

Dickinson Lab ware, Lincoln Park, NJ). 20 ml of acetic acid was then added into microtiter plate 

and finally absorbance was measured at the wavelength of 340nm with the help of 

spectrophotometer against the blank. 

3.5.14 PREPARATION AND DETERMINATION OF ADVANCED GLYCATION END-

PRODUCTS (AGEs) 

The advanced glycation end-products (AGEs) were estimated in the patients of 

rheumatoid arthritis by incubating HSA (type V; Sigma; 50 mg/ml) with 500 mM concentration 

of glucose in the phosphate buffer saline (PBS) for almost sixty five days at the temperature of 

37°C under highly sterile conditions. AGE-pentosidine was considered as one of non-enzymatic 

glycation end products of proteins under the influence of a modified method by Odetti et al., 

1992. Advanced glycation end-products were allowed to precipitate. Processed pallet was then 

hydrolyzed in 2ml of HCl with fixed concentration and was then mixed with 250ml of 0.01 M 

heptafluorobutyric acid (Sigma). Plasma proteins almost weighing 4 mg were injected into the 

high performance liquid chromatography (HPLC) system.Columns used in the present case 
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measured about 25-30.46-cm C18 Vydac type 218TP (10mm). Programmed assay shown linear 

gradient of about 10% to 17%of acetonitrile within the time period of 0-35 minutes.And finally 

the added pentosidine was eluted out after almost thirty minutes with the help of fluorescence 

excitation of wavelength at 335 nm and emitting at 385 nm. 

3.5.15 ESTIMATION OF BASIC CALCIUM PHOSPHATE (BCP) 

 First, the mineral was prepared, with a ratio of calcium/phosphorus 1:50, and it contained 

calcium carbonate substitution with hydroxyapatite admixed with octacalcium, estimated by the 

infrared spectroscopic method. Once crystals were formed, they were crushed and were sieved to 

yield aggregates of about 10-20 micrometers. Then they were sterilized by treating at high 

temperature of 200 degree Celsius for about 1 hour and 30 minutes. Precautions were made to 

prevent alterations in the physical and chemical characteristics of the crystals athigh temperature,  

and was confirmed with the assistance of x-ray diffraction and under the infrared spectroscopy. 

These crystals were weighed and suspended by the sonication in Dulbecco‟s modified Eagle‟s 

medium (DMEM). This crystal suspension was again sonicated at controlled temperatures. 

Maximal range for the response was determined, which lied between 50-100 microgram/ml, 

whereas, the explained amount remained equivalent to the concentrations of BCP found in the 

pathologic joint fluids. 

3.5.16 DETERMINATION OF MATRIX METALLOPROTEINASES (MMPs) BY 

SENSOLYTE GENERIC MMP ASSAY KIT (COLORIMETRIC) 

Matrix metalloproteinases (MMPs) belong to the family of endopeptidases that can digest 

extracellular membrane (ECM) and process bioactive mediators. They were analyzed by 

employing commercially available ELISA kit by The SensoLyte, for the spectrophotometric 

assay of MMPs-1, 2, 3, 7, 8, 9, 12, 13, and 14. The final absorbance was measured at 412nm of 

the end-product, and the MMPs concentrations were expressed in nanograms. 

3.5.17 DETERMINATION OF LIPOPOLYSACCHARIDES (LPS) 

 The estimation of LPS was done with the help of spiral shift method in the acidic solution 

of a dye known as carbocyanine. Absorbance of dye was observed at 510nm. Spectral shifts are 
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the basis for the estimation of acidic polysaccharides. Reaction of LPS with dye could be 

observed at 470nm (Edstrom, 1969). 

3.5.18 DETERMINATION OF NEUTROPHILS 

 For the determination of neutrophils, whole blood samples from the patients were 

obtained and stored in EDTA vial, and were analyzed on the automatic hematological analyzer 

(Sysmex 3000) 

3.5.19 DETERMINATION OF CYCLO-OXYGENASE-I (COX-I) 

Cyclooxygenase-I (COX-I) activity was assayed with the help of commercially available 

ELISA kit (ABCAM). Initially the mixture of equimolar quantities of inhibitor, substrate and 

enzyme (as provided with the ELISA kit) were gradually warmed in the incubator, to inititate the 

reaction. The buffer was pipetted in the appropriate wells, and were then allowed to equilibrate 

with the reaction temperature. Hematin solution was subsequently added into all coated wells. 

Samples were added to the well, pre-incubated for five minutes at 37
o
C. Then inhibitor solution 

provided with the kit was added to the well at the room temperature and then incubated for about 

1-2 hours. Microtiter plate was then placed in laminator for the measurement and then cold COX 

substrate was added into it and immediately diluted with 1 ml saline, then cold arachidonic acid 

solution was added into the microtiter plate and the obtained data analyzed with the help of 

ELISA reader.  

3.5.20 DETERMINATION OF TUMOR NECROSIS FACTOR BY ABCAM’s TNF 

ALPHA HUMAN ELISA KIT 

TNF alpha was estimated with the help of commercially available ELISA kit (Abcam). 

The kit is designed for the quantitative measurement of TNF alpha in supernatants, serum, 

plasma samples and buffered solutions. For the purpose monoclonal antibody specific TNF alpha 

has been coated onto the wells of the microtiter strips provided. Samples were added and the 

reaction was initiated by adding the appropriate amounts of following reagents in these wells. 

When samples were incubated for the first time, monoclonal antibodies were incubated along 

with the samples. Afterwards, these samples from the coated wells were washed and enzyme 

Streptavidin-HRP was added which bounded and illuminated it. The solution was again 
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incubated, followed by 2
nd 

washing. A substrate solution was then added with the samples, which 

acted upon the bound enzyme, inducing a colored reaction product. The intensity of this colored 

product was directly proportional to the concentration of TNF alpha present in the samples. And 

finally, the absorbances were measured with the help of a semi-automated ELISA reader. 

3.5.21 ESTIMATION OF C-REACTIVE PROTEIN (CRP) 

For the determination of CRP, turbo-metric method was employed by using Synchron
®

 

ELIZA kit. In the reaction, C-reactive proteins were allowed to combine with the specific 

antibodies to form insoluble antigen-antibody complexes. These immune complexes caused 

scattering of mono-chromatic light, which was proportional to the concentration of CRP in 

serum. The scattering of light was measured by obtaining its absorbance at 570 nm. CRP 

concentration was determined from a calibration curve developed from CRP standards of known 

concentration. 

3.6 STATISTICAL ANALYSIS 

 All the readings weregathered in the excel sheets and statistics was performed with the 

help of (SPSS v.16 or later). Taking the (Mean±S.D) where (p<0.05) indicated significant 

results. Test applied were Independent T-test and Spearman correlation graph.  
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4.0 RESULTS 

4.1 LEVELS OF MALONDIALDEHYDE (MDA-TBA) IN RHEUMATOID ARTHRITIS 

Synovial fluid (SF) levels of malondialdehyde (MDA), a marker of free radical induced 

lipid peroxidation, were estimated in patients of rheumatoid arthritis (RA) and compared with 

healthy controls. Malondialdehyde (MDA nmol/ml) levels in the synovial fluids were estimated 

by MDA-TBA (Thiobarbituric Acid) spectro-colorimetric assay method in 288 rheumatoid 

arthritis (RA) patients and were compared with 100 healthy subjects. Significantly  increased 

levels(p=0.018)of malondialdehyde (6.26±1.06 nmol/ml) were observed in patients of 

rheumatoid arthritis, compared to healthy control subjects (1.33±0.16 nmol/ml) as shown in 

Table-1. 

4.2 LEVELS OF ISOPROSTANES IN RHEUMATOID ARTHRITIS 

Isoprostanes are valuable, sensitive inflammatory markers in rheumatoid arthritis. Its plasma and 

synovial fluid levels have been measured to evaluate joint damage. In present study, the levels of 

8-isoprostanes in the affected joint fluids were significantly higher as compared to healthy 

controls. The extracted synovial fluid from the affected joints of 288 rheumatoid patients and 

100 synovial fluid samples from healthy controls were analyzed by radioimmunoassay (RIA) 

method at our laboratory, and the results were compared. As described in table-1, significantly 

high levels (p=0.033) of isoprostanes weredetected in patients of rheumatoid arthritis 

(47.56±3.15 pg/ml), compared to healthy controls (1.84±0.0023 pg/ml). 

4.3 LEVELS OF 8-OHdG (HYDROXY-DEOXY-GUANOSINE) IN RHEUMATOID 

ARTHRITIS 

                 8-OHdG is another critical bio-marker of oxidative stress and DNA oxidation in 

patients of degenerative diseases, particularly rheumatoid arthritis. Increased synovial fluid 

concentration of 8-OHdG confirmed the role of gradual oxidative destruction of joints in 

rheumatoid arthritis. 8-OHdG measurement was performed by Colorimetric method (ELISA 

Kit), with sensitivity range of approximately 0.94 ng/ml - 60 ng/ml withassay time of 2 hours. 

Synovial fluid samples aspirated from the affected joints of 288 patients of rheumatoid arthritis 

were analyzed for 8-OHdG and significantly increased concentration was observed (p=0.015). 

The levels of 8-OHdG in the affected joints were significantly high (1.52±0.016 pg/ml) as 

compared to healthy controls (0.023±0.001 pg/ml). 
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4.4 LEVELS OF HNE (4-HYDROXY-2-NONENAL) IN RHEUMATOID ARTHRITIS 

HNE is an oxidative marker, and its increased level is seen in enhanced lipid peroxidation chain 

reaction, and is, therefore, implicated in the pathogenesis of several diseases such as rheumatoid 

arthritis, diabetes and cancer. Synovial fluid analysis in 288 diagnosed cases of rheumatoid 

arthritis showed significantly (p=0.019) high levels of HNE (9.65±1.06 µmol/ml) compared to 

healthy controls (2.06±0.05 µmol/ml). 

4.5 LEVELS OF ANTIOXIDANTS SUPEROXIDE DISMUTASE (SOD), 

GLUTATHIONE (GSH), GLUTATHIONE PEROXIDASE (GPx), GLUTATHIONE 

REDUCTASE (GRx) AND CATALASE (CAT) IN RHEUMATOID ARTHRITIS 

                 The activity of these antioxidants is significantly compromised, shifting the 

oxidant/antioxidant balance further towards lipid peroxidation, thus contributing to progressive 

joint destruction in rheumatoid arthritis. Significant reduction in the activities of SOD, GPx, GRx 

and CAT were observed in the current study (Table-1). Most significant finding was the 

decreased activity of anti-oxidant catalase (CAT) enzyme activity. Glutathione reductase activity 

was estimated by oxidation of NADPH in the presence of oxidized glutathione (GSSG).  

Following results were obtained in patients; SOD (0.089±0.00 U/L), GSH (3.26±1.06 µmol/L), 

GPx (4.56±1.09 µmol/L), GRx (1.09±0.09 µmol/L) and CAT (2.59±0.56 µmol/L). The results in 

healthy controls were; SOD (0.14±0.001 U/L), GSH (9.26±1.55 µmol/L), GPx (7.88±2.19 U/L), 

GRx (3.09±0.16 µmol/L) and CAT (4.26±0.31U/L). 

4.6 LEVELS OF CYTOKINES, INTERLEUKIN 1, IL-2, IL-4, IL-6, IL-8, IL-13, IL-17, IL-

21 AND TNF-α, IN RHEUMATOID ARTHRITIS 

Table 01 illustrates significant levels of activity of these cytokines in the affected joints. 

Joint fluid samples aspirated from 288 patients of rheumatoid arthritis were analyzed for 

interleukins and TNF-α levels (Table-1) These results were compared to 100 healthy controls; 

IL-1 (3.26±1.06 pg/ml), IL-2 (4.067±0.026 pg/ml), IL-4 (4.66±0.026 pg/ml), IL-6 (3.26±1.06 

pg/ml), IL-13 (4.03±1.35 pg/ml), IL-17 (4.08±1.55 pg/ml), IL-21 (2.99±0.95 pg/ml) and TNF-α 

(14.26±3.56 pg/ml). 

4.7 LEVELS OF INDUCIBLE NITRIC OXIDE SYNTHASE (iNOS) AND NITRIC 

OXIDE (NO) IN RHEUMATOID ARTHRITIS 

In present study, nitric oxide levels were significantly high within the synovial fluid of 

affected joints (p=0.024). Synovial fluid aspirated from 288 patients of rheumatoid arthritis 
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wereanalyzed for iNOS and NO concentration (18.26±3.09 µmol/L) and (21.26±4.26 µmol/L) 

respectively. The findingswere compared to 100 healthy control individuals (6.29±1.30 µmol/L) 

and (7.56±1.56 µmol/L) respectively (Table-1). The current study observed high significantly 

high concentration of nitric oxide in the joints of rheumatoid patients than in healthy control 

subjects.  

4.8 LEVELS OF ADVANCED OXIDATION PROTEIN PRODUCTS (AOPPs) IN 

RHEUMATOID ARTHRITIS 

In present study, AOPPS concentrations were found significantly high showing enhanced 

oxidative stress in RA patients (p=0.037). Activity levels were measured in joint fluids aspirated 

from 288 diagnosed cases of RA, and AOPPs were found significantly high in these cases 

(1.39±0.16 mmol/L). The findings were compared to AOPPS levels in healthy control subjects 

(0.39±0.016 mmol/L) (Table-1).  

4.9 LEVELS OF ADVANCED GLYCATION END PRODUCTS (AGEs) IN 

RHEUMATOID ARTHRITIS 

AGEs levels were significantly high in joint fluids aspirated from 288 diagnosed patients 

of RA (p=0.047). High levels of AGEs were seen in the joint fluids of RA patients (3.06±0.19 

IU). The results in the present study (Table-1) were compared with AGEs levels in healthy 

controls (0.59±0.059 IU).  

4.10 LEVELS OF BASIC CALCIUM PHOSPHATE (BCP) IN RHEUMATOID 

ARTHRITIS 

Present study showed significantly increased levels of BCP within the affected joints 

(p=0.016) (Table-1). Aspirated joint fluid from RA patients showed high levels of BCP 

(75.26±3.52 µg/ml). The results were compared to BCP levels from healthy controls (22.26±4.26 

µg/ml).  

4.11 LEVELS OF MATRIX METALLOPROTEINASES (MMPs) IN RHEUMATOID 

ARTHRITIS (MMPs-1, 2,3,8,9 & 10) 

MMP-3 activity was most significant in RA patients, as compared to healthy controls(p-

value =0.000). In addition, the activity of MMP-3 was significantly related to neutrophil 

infiltration. Activities of MMPs 1, II, III, VIII, IX and X were significantly high in the present 

study (p=0.008), (p=0.028), (p=0.000), (p=0.048), (p=0.011), (p=0.019) (Table-1). 

Concentrations of MMPs-I, II, VIII, IX and X were measured from joint fluid samples obtained 
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from 288 patients of RA, and significantly high levels were observed in these subjects 

(79.26±10.26 ng/ml), (115.06±5.26 ng/ml), (88.95±7.59 ng/ml), (99.26±5.26 ng/ml) and 

(156.06±6.99 ng/ml). These findings were compared with MMPs levels in healthy controls 

(Table-1).  

4.12 LEVELS OF LIPOPOLYSACCHARIDES (LPS) IN RHEUMATOID ARTHRITIS 

In Table 01,LPS activity was observed significantly high in joint fluids obtained from 

patient with RA(p=0.049), (44.26±4.26 ng/ml). These findings were compared to LPS 

concentration in joint fluids aspirated from 100 healthy controls (25.26±2.16 ng/ml).High levels 

of LPS in patients with RA. 

4.13 NEUTROPHILS INFILTRATION IN JOINTS OF PATIENTS OF RHEUMATOID 

ARTHRITIS 

Neutrophils are powerful phagocytic cells, displaying a crucial role as mediators of tissue 

damage in RA, moreover, possessing greatest potential for cytotoxicity. In the present study, 

analysis of joint fluids from 288 RA patients showed significant concentration of neutrophils, 

thus determining the disease progress (p=0.022). Moreover, synovial fluid estimation for 

neutrophils concentration in RA patients was significantly high (88.26±1.26%) compared to 100 

healthy control subjects (59.66±6.69%) as shown in Table-1.  

4.14 LEVELS OF CYCLO-OXYGENASE-1 PATHWAY (COX-1) IN RHEUMATOID 

ARTHRITIS 

In present study on different variables in pathogenesis of RA, cyclo-oxygenase pathway 

activity was observed to be significantly high (p=0.008), indicating the increased role of 

prostaglandins in inflammatory damage seen in RA patients. In the synovial fluid analysis from 

288 patients of RA, COX-1 activity was (1.056±0.56 IU) when compared to control subjects 

(0.07.±0.015 IU) (Table-1).  
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TABLE-1: LEVELS OF CICULATING VARIABLES IN RHEUMATOID ARTHRITIS  

VARIABLES SUBJECT (n=288) CONTROL (n=100) P- VALUE 

MDA (nmol/ml) 6.26±0.6 1.33±0.16 0.018 

Isoprostanes (pg/ml) 47.56±2.8 1.84±0.5 0.033 

8-OHdG (pg/ml) 1.52±0.05 0.23±0.02 0.015 

HNE (µmol/ml) 9.65±0.7 2.06±0.3 0.019 

SOD (U/ml) 0.089±0.005 0.14±0.002 0.016 

GSH (μmol/L) 3.26±0.4 9.26±0.8 0.037 

CAT (U/L) 2.59±0.38 4.26±0.28 0.002 

IL-1 (pg/ml) 5.66±0.66 3.26±0.4 0.035 

IL-2 (pg/ml) 4.26±1.06 4.067±0.6 0.038 

IL-8 (pg/ml) 8.26±0.7 3.26±0.6 0.000 

IL-6 (pg/ml) 4.99±0.47 3.11±0.23 0.019 

IL-17 (pg/ml) 9.29±1.1 4.08±0.86 0.068 

IL-21 (pg/ml) 10.29±1.2 2.99±0.65 0.039 

IL-13 (pg/ml) 7.65±0.71 4.03±0.32 0.019 

IL-4 (pg/ml) 6.59±0.43 4.66±0.2 0.031 

TNF-α (pg/ml) 27.99±1.8 14.26±1.2 0.009 

AOPPs (mmol/L) 1.39±0.016 0.39±0.08 0.037 

AGEs (AU) 3.06±0.12 0.59±0.089 0.047 

MMP-1 (ng/ml) 79.26±6.13 35.29±3.26 0.008 

MMP-2 (ng/ml) 115.06±5.26 35.88±7.26 0.028 

MMP-8 (ng/ml) 88.95±6.32 27.26±2.99 0.048 

MMP-9 (ng/ml) 99.26±6.21 41.26±5.26 0.011 

MMP-3 (ng/ml) 256.35±8.23 47.26±5.23 0.000 

MMP-10 (ng/ml) 156±6.99 33.06±3.26 0.019 

NO (μmol/L) 21.26±1.77 7.56±0.89 0.024 

iNOS (μmol/L) 18.26±1.7 6.29±0.9 0.016 

LPS (pg/ml) 44.26±3.65 25.26±2.16 0.049 

GPx (μmol/L) 4.56±0.32 7.88±0.65 0.008 

GRx (μmol/L) 1.09±0.09 3.09±0.16 0.002 

Neutrophils 88.26±2.21 59.66±4.32 0.022 

Calcium (mg/dl) 11.26±0.89 5.91±0.65 0.026 

PPi (mg/dl) 15.26±1.54 6.78±0.76 0.031 

Basic calcium phosphate (BCP) µg/ml 75.26±3.52 22.26±4.26 0.016 

Cyclo-Oxygenase-1 (IU) 1.056±0.056 0.07±0.0015 0.008 
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DISCUSSION 

Rheumatoid arthritis (RA) is among the most commonly occurring chronic inflammatory 

arthritis world-wide and it is estimated to affect approximately 0.5-1.0% of total world 

population. Unfortunately, statistics are not well documented in Pakistani population, however, 

prevalence is considered similar to the population world-wide.Most patients of RA undergo a 

progressive inflammatory change, which eventually leads to irreversible destruction of joint 

cartilage, underlying bone and surrounding tendons comprising the synovial joint. This leads to 

marked restriction of joint movements and functional disability. The present study estimated a 

variety of oxidative stress markers in patients diagnosed with rheumatoid arthritis, and compared 

with healthy controls. Extensive studies have not been conducted onpatients with RA inthe 

selectedpopulation groups in Pakistani. 

The earliest event in the pathogenesis of RA was the activation of dendritic cells, which 

were components of innate immunity. These were antigen presenting cells, activated by 

implanted or autologous antigens. These arthritis-related antigens were presented to Th cells (T-

helper cells). These antigen-driven T cells amplified and exaggerated the immune response by 

activating monocytes, macrophages, synovial fibroblasts, osteoclasts and chondrocytes. 

Therefore, the chronic inflammatory process stemmed from a specific immunological trigger in a 

genetically predisposed person. Activated T cells, notably CD4+ T cells, secreted IL-2 

(interleukin-2) and γ-IFN (gamma interferons) which infiltrated the synovial membrane. 

Activation of T cells was responsible for the characteristic chronicity of RA. 

Activation of Th17 lymphocytes resulted in the secretion of interleukin-17 (IL-17), which 

subsequently activated the macrophages, within the synovium. Once macrophages were 

activated, they became the key drivers of inflammation in the pathogenesis of RA. Macrophages 

secreted a variety of cytokines and chemokines in the synovium, such as IL-1, TNF-α, IL-21, IL-

6 and nitric oxide (NO), thereby, perpetuating the inflammatory response in RA patients. 

Interleukin-1 (IL-1) was a pro-inflammatory protein synthesized by a variety of cells, mainly by 

activated macrophages, circulating neutrophils and both epithelial and endothelial cells. IL-1 was 

responsible for mediating fever, sepsis, enhanced inflammatory response and regulates an 

immune response in an individual. It was notably important that the receptor-level contact 

between inflammatory cells such as activated T cells, dendritic cells and macrophages within the 
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rheumatoid synovium, served as a vital trigger for the release of a variety of inflammatory 

cytokines.  

IL-1 is also known as Fibroblast Activating Factor (FAF), as well as Lymphocyte 

Proliferation Factor (LPF). Structurally, it is composed of two integrated proteins called as IL-1α 

and IL-1β (Marchet al., 1985). IL-1β is well known for its role in progressive bone erosion in the 

joints of rheumatoid arthritis. Interestingly, isolated osteoclast-activating factor shared the same 

amino acid sequence as that of IL-1β, which highlighted the excessive osteoclastic activity in the 

affected joints (Kelket al., 2008).IL-1 α also interacted avidly with another pro-inflammatory 

cytokine Tumor Necrosis Factor (TNF-α), thus both acted to exhibit intense inflammatory 

response. IL-1 was, therefore, strongly linked to characteristic joint inflammation seen in RA, as 

well as progressive destruction and erosion of cartilage and underlying bone (Choy, 

2001).Regarding the pathogenesis of RA, studies have confirmedan impaired balance prevailing 

between the pro-inflammatory and anti-inflammatory cytokines, resulting in joint destruction due 

to predominant role of pro-inflammatory mediators within the joint environment. IL-1 apparently 

blocked the local repair processes within the joint cartilage, thus further aggravating the cartilage 

destruction. This was achieved by reduced synthesis of structural proteoglycans, and 

simultaneously enhanced apoptosis of chondrocytes of the affected joint. It has been known that 

IL-1 inhibited the localized synthesis of sulfated glycosaminoglycans (GAGs), which were 

essential for synovium repair (Yaron et al., 1989). 

IL-1 potentiated damage to the joint cartilage by stimulation of release of proteolytic 

enzymes such as matrix metalloproteinases  (MMPs), which specifically degraded type II 

collagen and joint proteoglycans (Lamacchiaet al.,2009). Present study also highlighted the role 

of IL-1 in joint inflammation in RA patients, when compared to healthy controls (p-value = 

0.035). Recently, it was demonstrated that IL-1 directly stimulated the synthesis of other 

cytokines by dendritic cells and macrophages, such as IL-12, and IL-18. These newly released 

cytokines subsequently triggered the activation of Th1 helper cells, thus aggravating the articular 

damage (Dinarello, 2000). In the same lines, a recent study showed that IL-1 also triggered the 

differentiation of T-helper 17 cells (Th17), which had a pathogenic role in a variety of 

autoimmune disorders including RA (Chung, 2009).These helper Th17 cells subsequently 

secreted both IL-17 and TNF-α, when stimulated by IL-1, as shown in Figure-1.  
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Definite association of IL-1 was shown with accumulating urate crystals in gout, thus 

establishing a causal relationship in the development of gouty arthritis. Although few research 

studies have reported that the uric acid crystals were responsible for direct activation of NLRP3 

proteins, which mediated the synthesis the IL-1β precursor. In osteoarthritis, IL-1β decreased the 

synthesis of joint chondrocytes proteoglycans, and subsequently enhanced the formation of 

matrix metalloproteinases (MMPs), with simultaneous, localized release of nitric oxide within 

the affected joints (Joosten et al., 2004). Earlier it was suggested that the activation of T cells in 

experimental mice by IL-1, led to enhanced development of autoimmunity within the affected 

joints in RA (Saijo et al., 2002). Recent studies have documented that the inflammatory effects 

of IL-1 could be blocked by IL-1 receptor antagonists  (IL-1Ra). This specific inhibition of IL-1 

receptor antagonists or by antibodies to IL-1 had shown encouraging results in patients of both 

autoimmune arthritis and rheumatoid arthritis (Burger et al., 2006). 

IL-6 has been one of the most important mediators of acute phase inflammatory response 

in fever and infectious and immune-mediated disease. In the current study, IL-6 levels were 

estimated and were found significantly high in RA patients (p-value = 0.019), although Il-17 and 

IL-23 were found to be more significant in joint damage, compared to IL-6.IL-6 was primarily 

secretedin the synovium by activated macrophages and T cells, but in RA, it was also released in 

excess bythe joint osteoblast cells, which subsequently resulted in stimulation ofosteoclast cells 

in the affected bone matrix, later in the disease. Apart from osteoblasts and macrophages, the 

smooth muscle cells of some blood vessels also released IL-6, thus accentuating the localized 

inflammatory response. Strikingly, IL-6 had additional anti-inflammatory role as well, which 

were mediated via its inhibition of IL-1 and TNF-alpha cytokines. Its anti-inflammatory effect is 

also attributed to activation of cytokine IL-10, within the affected synovium. 

Its mechanism of action is mainly mediated by activation of Janus Kinases system, 

through the membrane bound specific receptor gp 130. Subsequently, activation of cytoplasmic 

ras/raf proteins and finally within the cytosol, activation of mitogen activated proteins (MAP), 

which enhancedthe transcription of inflammatory proteins. Moreover, IL-6 promoted 

inflammation through activation of STAT proteins (signal transducer & activator of transcription 

factors), whereby, upon dimerization, they were activated and then they translocated into the 

nucleus and caused enhanced transcription of target genes responsible for inflammation 

(Müllberg et al., 2000). Previously, in a study, it was highlighted that IL-6 directly promoted the 
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differentiation of osteoclasts, which progressively degraded the bone tissue (Tamuraet al.,1993). 

IL-6 induced the expression of RANKL (RANK-ligand), which binded with its cognate receptor 

RANK, and promoted differentiation of precursor myeloid cells into osteoclasts (Hashizume et 

al., 2008).  

Role of IL-6 in bone loss was evaluated in a longitudinal study conducted on 137 

postmenopausal women. Estimation of blood and urinary levels of IL-6 and other inflammatory 

markers were performed in the affected cases. Bone mineral density (BMD) of femur and lumbar 

spine L2-L4 were serially measured in all cases, by using dual X-ray absorptiometry technique. 

It was concluded that after 10 years of cessation of menstrual cycles, IL-6 had a predominant 

role in bone loss in majority of cases, thus emphasizing that IL-6 was one of the most vital 

predictor of bone erosionin post-menopausal women, during the first decade (Scheidt-Nave et 

al.,2001).Further evidence of IL-6 in pathogenesis of osteoporosis was provided by another 

study (Ota et al., 2001), which detected definite relationship between the G allele of a C/G 

polymorphism at location nucleotide -634 and associated reduced bone mineral density (BMD), 

by working on more than 400 affected cases of oseoporosis (Ota et al., 2001). In RA, there was 

enhancedproduction of a variety of destructive matrix metallo-proteinases (MMPs), which were 

predominantly released by activated synoviocytes, joint fibroblasts, macrophages and infiltrating 

neutrophils within the affected joints. It was proposed in a study, that IL-6 was significantly 

correlated with high levels of pro-MMP-3, in patients presenting with early manifestationof RA 

(Roux-Lombard et al., 2001). 

It has been known that IL-6 potentially stimulated the B cells to rapidly differentiate into 

inflammatory plasma cells, which synthesized and secreted immunoglobulins. Since RA is as an 

immune-mediated disorder, therefore, it was suggested that IL-6 had a pivotal role in its 

pathogenesis, regarding the initiation of humoral immunity (Muraguchi et al., 1988). In this 

regard, it was proposed that IL-6 potentially influenced the development and proliferation of T-

cells via differentiation of T lymphocytes into inflammatory TH-17 cells which subsequently 

released IL-17. This stimulation was not mediated by IL-6alone, but incombination with other 

cytokines such as IL-1b and IL-23 (Chizzolini et al., 2008). Moreover, in RA, the typical 

inflammation and joint destruction was accentuated by migration of activated neutrophils from 

the surrounding blood circulation into the affected joint sites. These neutrophils were most 

damaging, as they performed microbial killing, and consequentlyreleased powerful proteolytic 
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enzymes, halides (HOCl) and hydrogen peroxides (H2O2), which led to the localized joint 

damage and destruction in the patients with RA. It was seen that neutrophils showed more 

adhesion to endothelial cells, when they were cultured along with fibroblasts. This adhesion of 

neutrophils and monocytes to the endothelium was a crucial step in initiation of acute 

inflammation. It was concluded that IL-6 levels were significantly raised in the synovium of 

patients with RA (Lally et al., 2005). 

Interleukin-8 (IL-8) is another potential chemotactic and pro-inflammatory cytokine, 

involved in the pathogenesis of RA, produced primarily by the activated macrophages, 

endothelial cells and fibroblast-like synoviocytes (FLS) in RA joints. IL-8 promoted neutrophilic 

infiltration within inflamed joints, and induced enhanced phagocytosis by these neutrophils, and 

simultaneously acted as a potent inducer of angiogenesis in the affected joints. IL-8 was thus a 

key pro-inflammatory mediator due to its role in neutrophil recruitment (Harada et al., 1994). It 

was proposed that NF-κB activation mechanisms were involved in the secretion of IL-8 by FLS 

in RA patients (Constantinos 2000).  

Interleukin-13 (IL-13) was secreted by T-helper cells (Th-2 cells) and mediated both 

inflammatory and allergic responses in variety of diseases. IL-13 was known to induce matrix 

metalloproteinases (MMPs) at inflamed sites, thus perpetuating the inflammatory damage 

characteristically seen in RA. Levels of both IL-13 and Il-17 were together studied, elucidating 

their potential role in the pathogenesis of RA and disease activity. Significantly high levels of IL-

13 were detected in RA patients with early onset (p < 0.001), than in reference group, 

establishing their possible role as biomarkers in early RA (Akdis M et al., 2016). In the same 

lines, increased serum levels of IL-13 in RA were also reported, suggesting different pathogenic 

mechanisms involved in RA disease progression (Morita Y et al., 2001).  

Several scientists have focused on the potential role of IL-17 in mediating inflammation 

and articular damage in RA. IL-17 was recently labeled as a newly discovered cytokine 

possessing high pro-inflammatory properties. IL-17A was produced by Th17 cells, but these 

cells were also known to produce other cytokines such as, IL-17F, IL-21, IL-22 & IL-26. Both 

IL-17A and IL-17F subclasses specifically binded with multimeric receptor complex, composed 

of two subunits, located on the surface membranes (Korn et al., 2009). IL-17 produced and 

secreted by helper Th17 cells, stimulated the inflammatory processes directly by causing 

cartilage and bone injury, and further potentiated the secretion of more pro-inflammatory 

http://www.sciencedirect.com/science/article/pii/S0091674916307151
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chemokines and cytokines by the resident cells in synovium in RA patients. This augmented the 

infiltration of activated macrophages and neutrophils, within the affected environment, where 

they induced localized injury and joint inflammation.IL-17 activated a variety of pro-

inflammatory pathways, such as enhanced formation of IL-1, activation of NF-κB pro-

inflammatory pathway, and, simultaneous induction of MAPK signaling mechanism. Thus IL-17 

signaling induced gene expression mediatingprogressive, potent inflammation. This mechanism 

promoted inflammation not only in RA, butalso in other autoimmune disorders as well (Shenet 

al., 2008). IL-17 was strongly implicated in promoting RA in humans. High concentration of IL-

17 and its receptors were detected in synovial fluid and tissue extracts of RA patients, thus 

suggesting that IL-17 promoted joint degradation (Shahrara et al., 2009). IL-17 induced several 

chemokines by gene activation, which progressively led to increased recruitment of monocytes 

and neutrophils from the blood circulation into the synovium, thus setting-up a cascade of 

inflammation in the joints of RA patients. Furthermore, IL-17 along with TNF-α was 

documented to be a predictive for poor outcome in patients of RA (Kirkham et al., 2006). Both 

IL-17 and tumor necrosis factor alpha (TNF-α) acted synergistically to activate the synoviocytes 

in RA, which resulted in overwhelming expression of other pro-inflammatory cytokines, such as 

IL-6, IL-8, Il-23, which are potent mediators of bone and cartilage erosion and joint 

inflammation (Hamburg et al.,2011).  

In addition, IL-17 affected the differentiation of osteoclasts by potent induction of the 

expression RANKL, on the surfaces of both synoviocytes and osteoblasts (Li et al.,2005).Within 

the small confinement of the synovium cytokines released by T cells (IL-17) and monocytes (IL-

1) potentiated their effectson the synoviocytes, thus contributing to the recruitment of more 

inflammatory dendritic cells, macrophages and T-helper cells, due to increased production of 

chemokine CCL20. As a result, IL-17 led to the activation ofjoint mesenchymal cells, which 

further enhanced the inflammatory pattern in the affected joint (Miossec, 2003). In the present 

study, IL-17 was significantly related to the pathogenesis of RA (p-value = 0.068) and our 

correlation shows a positive association between IL-17 and destructive MMP-3 (IL-17 Vs MMP-

3, r = 0.619**). 

Present study significantly correlated IL-21 levels with the articular damage in RA (p-

value = 0.039). Moreover, IL-21 was strongly associated with MMP-3, as compared to other 

cytokines (IL-21 Vs MMP-3, r = 0.786***). IL-21 had unique functions, as it significantly 
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actedon extra-articular and distant sites as well, notably, activation of tissue mast cells, thereby, 

release of vasoactive amines and chemical mediators such as histamine, serotonin, leukotrienes, 

which further propagated the inflammation. Histamine increased the local joint capillary 

permeability, leading to edema which was a hallmark of chronic inflammation. IL-21 also 

enhanced osteoclastogenesis, by promoting the synthesis of ligand for RANK genes known as 

RANKL. This promoted excessive activation of osteoclasts leading to bone resorption and peri-

articular osteopenia. Interleukin-23 (IL-23) was another heterodimeric cytokine which played a 

pivotal rolein mediatingseveral inflammatory and autoimmune and disorders.IL-23 specifically 

binded to its cognate receptor, which was highly expressed on the surfaces of macrophages, 

monocytes and resident dendritic cells. Il-23acted by activating the JAK-STAT pathway, 

particularly Jak2 and Tyk2 factors, which readily dimerized and phosphorylated the transcription 

factors STAT1, STAT3, STAT4 and STAT5 respectively (Paradowska et al.,2010). Primarily, 

IL-23 up-regulated the degradative enzyme, MMP (9), matrix metalloprotease, which was a key 

factor in cartilage and bone destruction in both autoimmune and rheumatoid arthritis. Moreover, 

it has been observed that IL-23 promoted rapid angiogenesis in affected joints of RA patients 

(Langowski et al.,2006).  

The specific receptor for IL-23 is composed of subunits IL-23R and IL-12R β1. Research 

work regarding treatment therapies in RA and autoimmune arthritis on knockout mice provided 

compelling evidence that mice which were deficient in one of the subunits of the IL-23 receptor 

(IL-23R or IL12R-β), developedonly mild to moderate symptoms in some autoimmune and 

inflammatory disorders (Kikly et al.,2006). Recently, it was reported that stimulation of IL-23 

led to the production of another population of T- helper cells, which highly expressed IL-17, 

which was a significant pro-inflammatory cytokine (Langrish et al., 2005).Thus IL-23, in 

combination with IL-17 and other cytokines such as TNF-α, RANKL, mediated the activation of 

synoviocytes and rapid osteoclastic bone resorption, as wasevident by their elevated levels in 

patients with RA (Kotake et al.,1999). This is shown in Figure-01. Thus, IL-23 significantly 

induced the differentiation of CD4
+
 T cells into Th17 cells which, as stated earlier, were highly 

pathogenic, and were responsible for the secretion of other pro-inflammatory cytokines such as 

IL-6, IL-17 and TNF-α. These findings suggested that IL-23 potentially induced joint 

inflammation via two different pathways; through activation of Th17/T helper cells, and, through 

induction of other cytokines such as IL-1 and IL-6 by the activation of myeloid cell. 
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TNF-α was a major pro-inflammatory mediator cytokine which exerted greater 

inflammatory affects systemically, as compared to IL-1. This became more evident when 

injection of TNF-α into experimental animals resulted in higher mortality rates. Although, both 

IL-1 and TNF-α shared overlapping properties, but their pattern appeared to vary in experimental 

models. TNF-α showed greater role in promoting joint inflammation, bone destruction and 

cartilage erosion, thus leading to the formation of characteristic pannus in patients with RA 

(Van-den-Berg, 2001). It has been well known that TNF was mainly formed as a trans-

membrane protein, which was arranged as homotrimers. TNF- alpha was subsequently released 

from this membrane-bound homotrimeric cytokine, due toproteolytic cleavage by a 

metalloprotease enzyme, called as TNF-alpha converting enzyme (TACE) located in the vicinity 

of the membrane (Black et al.,1999). 

Although TNF was primarily produced by activated macrophages, but also shared in 

significant amounts by mast cells, endothelial cells, lymphoid cells and joint fibroblasts. It has 

been documented that neuronal tissue also produced this cytokine. High concentrations of TNF 

were released in response to the bacterial lipopolysaccharides or other bacterial fragments. In 

conjunction with other cytokines, TNF was also regarded as a key player in the pathogenesis of 

septic shock (Mannel and B Echtenacher 2000). TNF-α had a significant role in cellular 

differentiation, proliferation and enhanced apoptosis. Apart from its physiological role, TNF-α 

was strongly implicated in the etiology and pathogenesis of different autoimmune diseases, such 

as RA and Crohn‟s disease, various carcinomas and peripheral insulin resistance. It has been well 

known that TNF-α along with IL-1 and IL-6, stimulated the release of inflammatory acute-phase 

mediators by hepatocytes, which included CRP (C-reactive protein), fibrinogen and complement 

C3, further promoting the inflammatory cascade. TNF-α upregulated the expression of 

chemokines and cell adhesion molecules, which were fundamental for infiltration of leukocytes 

from the surrounding circulation into the rheumatoid joint (Hyka et al., 2001). 

TNF-α binds and acts on two morphologically distinct receptors TNF-R1 and TNF-R2. 

The TNF-R1receptor is genetically expressed in most human tissues, while, contrarily, TNF-R2 

is primarily located in cells of immune system. Although TNF-R1 dominated in TNF signaling 

in majority of tissues including bones and joints, while, TNF-R2 played a major role in the 

lymphoid system (Chan et al.,2000).TNF and IL-1, both acted synergistically to promote Nuclear 

factor kappa B (NF-kB) signaling pathway, which had a dominant role in the transcription of a 
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variety of inflammatory cytokines (Baud, 2001).Another signaling pathway for TNF was the 

induction and activation of specialized kinases known as„stress-activated protein kinase (SAPK), 

belonging to c-Jun N-terminal kinase (JNK) group.These JNK proteins were related to mitogen-

activated protein kinases (ERKs), and, were activated by phosphorylation on both tyrosine and 

threonine residues. After activation, these JNK kinases translocated inside the cell nucleus and 

increased the transcriptional activity of inflammatory transcription factors, such as, c-Jun and 

ATF2, by phosphorylation of their amino-terminal activation domains (Shaulian, 2002). Many in 

vitro studies have provided a compelling evidence of the direct pathogenic effects of TNF-α by 

suggesting its amplified activity in RA, whereby, it potentially acted as a paracrine factor, thus 

inducing a variety of other pro-inflammatory cytokines primarily IL-1, and GM-CSF (Brennan et 

al.,1992). Similarly, in another research, marked clinical improvement in inflammation in the 

synovial tissue of patients with RA was observed, when they were treated with neutralizing anti-

TNF-α Abs or soluble TNF receptors. There was significantly decreased joint destruction seen in 

these patients with RA (Deon et al., 2001). 

In a similar study, the role of TNF-α was elucidated by administering anti TNF-α 

monoclonal antibodies to mice engrafted with human RA tissue. It was concluded that 

inflammation in the synovium considerably decreased after the administration of these 

monoclonal antibodies. However, marked exacerbation of inflammation was seen in the group in 

which TNF-α was administered at different doses (Matsuno et al.,2001). More evidence was 

provided, regarding the role of TNF in pathogenesis of RA by demonstrating that TNF 

potentially regulated the synthesis of IL-6, IL-8, MCP-1, and VEGF, and was responsible for the 

recruitment of activated lymphocytes in the affected joints. It was concluded that TNF affects 

angiogenesis and reduced blood levels of MMPs 1 and 3. Randomized, placebo-controlled, 

clinical trials of human TNF alpha inhibitors were performed, which resulted in marked efficacy 

in controlling signs and symptoms, less adverse effects and about two thirds of patients within 2 

years (Feldmann and RN Maini 2001).  

TIMPs were considered natural inhibitors of MMPs, thus they potentially regulated the 

inflammatory response and helped in reducing the joint destruction in RA. Among these 

inhibitors, TIMP-3 was most significant in regulating the inflammation by inhibiting various pro-

inflammatory cytokines. In the present study, MMP-3 activity was found to be most significant 

in RA patients, as compared to healthy controls (p-value = 0.000). In addition, the activity of 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Brennan%20FM%5BAuthor%5D&cauthor=true&cauthor_uid=1581770
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MMP-3 was significantly related to neutrophil infiltration (r = 0.896**) showing inflammatory 

pattern in Pakistani population. MMP-3, also known as Stromelysin-1, and was involved in 

degradation of collagen types ll, lll, IV and X, proteoglycans, fibronectin, laminin and elastin. 

The study showed the MMP-3 levels significantly related to disease progression and articular 

damage in RA. 

Previously, two mechanisms of actions suggesting the interaction of zinc with water 

molecules, for hydrolysis of the substrate molecule, referred to as „acid-base catalysis‟ were 

published (Browner et al., 1995).  However, in 2003, it was proposed that the zinc ion 

coordinated with two oxygen atoms from the catalytic glutamic acid residue, by assuming a 

penta-coordinated state.As a result, a temporary oxyanion state was achieved, thereby, 

completing the hydrolysis of substrate when water molecule acted on the dissociated bond 

(Manzetti et al., 2003).In RA, expression of MMP-13 was highly increased, which led to the 

degradation of aggrecan proteins and also type II collagen. It was suggested that MMP-1 had a 

predominant role in pathogenesis of both RA and osteoarthritisby targeting the collagen type II 

triple helix (Snoek-van Beurden 2005). MMP-1 was highly expressed by the synoviocytes of the 

affected joints in RA, while, MMP-13 was produced and released in excess by chondrocytes of 

the affected cartilage in RA, autoimmune arthritis and osteoarthritis.This MMP-13 collagenase 

specifically targeted the triple helix of joint collagen type II, which produced short degradation 

fragments which were further hydrolyzed by gelatinases MMP-2 and MMP-9 (Mort, 2001). 

Similarly, expression of MMP-2, MMP-3 and MMP-9 was significantly enhanced, thus 

leading to destruction of non-collagen matrix components of the affected joints (Burrage et al., 

2006). Many proteoglycan aggregates form covalent linkage with the sulfated 

glycosaminoglycans forming the bulk of joint matrix. Moreover, these aggregates possessed a 

central core protein, called aggrecan, covalently attached to chondroitin sulfate, which was the 

most abundant glycosaminoglycan found in cartilages. Besides MMPs, two more proteinases 

known as aggrecanase-1 and aggracanase-2, led to the degradation of these aggrecan core 

proteins, thus accentuating the destruction of cartilage in RA and osteoarthritis (Murphy et 

al.,2002). In the progressively inflamed joint, angiogenesis wasa vital component of 

inflammatory cascade. It has been observed that MMPs promoted angiogenesis by enhancing the 

formation of various angiogenic factors, such as, Vascular endothelial growth factor (VEGF), 
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Fibroblast growth factor (FGF), Insulin-like growth factor (IGF), Tissue growth factor (TGF-β) 

and Epithelial growth factor (EGF) (Vu, 2000). 

Advanced glycation end-products were formed by non-enzymatic addition of glucose 

(glycation) of tissue proteins, which led to enhanced oxidative stress, and progression of 

degenerative & age-related diseases (Tan et al., 2006). These AGEs were generated due to the 

influence of oxidative stress, as seen in chronic inflammations. Additionally, AGEs were 

produced in excess and these accumulated in various inflammatory conditions such as formation 

of atherosclerotic plaques. A study on estimation of AGEs in RA highlighted their increased in 

the long-standing cases of rheumatoid arthritis. It was further suggested these AGEs could serve 

as early markers of coronary artery diseases (Groot et al., 2011).The receptor for binding of 

AGEs is called RAGE, and was widely distributed onendothelial cells, lymphocytes and most of 

the smooth muscle cells. Upon binding, there was activation of pro- inflammatory NF-kB 

cellular pathway, which regulated the genes involved information of adhesion molecules such as 

ICAM, VCAM molecules in RA, thus promoting inflammation. Similarly, activation of AGEs 

receptor, RAGE, led to induction and enhanced formation of a variety of cytokines, most 

important being TNF-β, which had a pivotal role in the pathogenesis and disease progression in 

RA (Yan et al., 2007).Thiscreated a positive loop, whereby, inflammation was augmented and 

more AGEs were consequently produced in the joint synovium of patients with RA (Pullerits et 

al., 2005). 

Recently, a study determined the accumulation of AGEs in the joints of RA patients and 

reported increased receptor (RAGE) expression in these cases. They concluded that there was 

significant over expression of RAGE by the synovial macrophages, which were activated by 

cytokines such as IL-1. This over-expression caused enhanced inflammatory response within the 

affected joints (Sunahori et al., 2006). Moreover, in RA, the vascular endothelial dysfunction 

triggered the immune-mediated cascade of inflammatory damage in the predisposed individuals. 

Inhibition of activity of AGEs in RA had produced beneficial outcomes (Syngle et al., 2011).  

In a separate study, conducted on 93 patients of RA, AGEs concentrations were observed 

to be much high compared to patients of osteoarthritis. Moreover, a significant tendency to 

severity of joint destruction was seen in patients having higher AGE levels (Matsumoto et al., 

2007).In the same lines, another research study concluded that the disease activity in RA was 

significantly related to AGE formation (Kageyama et al.,2008). Recently a novel therapeutic 
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approach was experimented, by using a AGE breaker drug „alagebrium‟ which effectively 

degraded AGE, thus significant improvement in endothelial dysfunction was seen in patients 

with RA (Soro-Paavonen et al., 2010). In the present study, the AGEs levels were significantly 

high in patients with RA (p-value = 0.047), indicating the underlying oxidative bone damage in 

these patients. AOPPs levels were significantly high in RA patients in the current study (p-

value=0.047).  These proteins were specific for oxidative stress, showing ultra-structural changes 

and loss offunctions. Advanced oxidation protein products (AOPPs) are new, reliable oxidative 

stress markers and high levels of AOPPs were seen in various inflammatory events including RA 

and atherosclerosis.They possessed pro-inflammatory properties and accumulated in the plasma 

and tissues in many diseases. AOPPs potentially stimulated the formation of reactive oxygen 

radicals within the joint synovium, and aggravated the apoptosis of joint chondrocytes. AOPPs 

binded with cell-specific receptors and caused impaired activation of endothelial cells of 

synovial tissue in the rheumatoid joints. It has been well known, that fibroblast-like synoviocytes 

(FLSs)have a key role in pathogenesis of RA (Muller-Ladner et al., 2000). The levels of AOPPs 

in RA from affected joints were estimated, and it was concluded that AOPPs augmented the 

inflammatory response in RA via activation of NF-kB pathway, dependent on NADPH-oxidase 

system (Zheng et al., 2013). The NF-κB pathway regulates genes involved in regulation of cell 

differentiation, proliferation, immunity and cellular apoptosis (Gloire et al., 2006). 

Accumulation of AOPPS was studied on model rats, and it was observed that AOPPs 

accumulation caused enhanced apoptosis of joint chondrocytes. It was concluded that AOPPs 

stimulated the formation of reactive oxygen species (ROS), which aggravated mitochondrial 

damage and intrinsic pathways leading toenhanced apoptosis of joint chondrocytes (Wu et al., 

2016). In addition, high concentration of AOPPs were responsible for the release of MMPs by 

fibroblast-like synoviocytes, which enhanced articular damage in the affected joints (Konttinen 

et al.,1999). AOPPs stimulated the generation of vascular endothelial growth factor (VEGF) by 

FSLs in the affected joints (Taylor et al., 2002). Endothelial dysfunction is one of the primary 

triggers for onset of inflammation cascade in RA. Effect of AOPPs has been studied, and the data 

suggested that AOPPs binded with endothelial receptors for advanced glycation end products 

(RAGE) as a ligand. Recently, a study strongly suggested that the neutrophils were critically 

involved in the increased formation of blood AOPPs, thus exaggarating the inflammation in 

septic arthritis and RA (Baskol et al., 2006). Similarly, in RA the cartilage damage involved key 
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mediators, among which neutrophils were most significant in causing progressive damage and 

formation of pannus in the joints, as they possessed high concentration of peroxides and 

destructive halides.  

F2-Isoprostanes were oxidative stress markers, discovered few years ago, and are a family 

of isomers, structurally possessing prostate ring of prostaglandins, particularly F2 prostaglandin. 

Lately, these isomers were serving as important tools for estimation of oxidative stress in the 

pathogenesis of various inflammatory disorders. Isoprostanes were not only considered as 

reliable oxidative stress markers, but these compounds also mediated platelet activation and 

vasoconstriction by activating mitogen pathways in vascular smooth muscles, thus promoting 

inflammation (Takahashi et al., 1999). F2-Isoprostanes were derived from phospholipids and 

released by action of specific phospholipases.Other derivatives of F2-Isoprostanes werethe non-

specific endoperoxides of Isoprostane, which formed compounds having isomeric thromboxane-

ring (such as E ring- or D-ring). These E2- and D2-isoprostane derived products then underwent 

dehydration reactions, formingthe highly reactive species like cyclopentenone A2, J2-

isoprostanes, γ-keto-aldehydes, which contributed to oxidative damage in RA joints. (Fam et al., 

2002). 

Specific membrane receptors were known to mediate the bio-signaling by isoprostanes, 

leading to potent inflammatory effects such as marked vasoconstriction of resistance arterioles 

by F2& E2-isoprostanes, by interacting with accessory proteins. These highly reactive 

compounds were further capable of forming adducts, such as isoketals, within the intracellular 

compartment. On the other hand, PGA2- and PGJ2-like compounds, such as cyclopentenone-

isoprostanes, readily reacted with thiol substrates, which led to the formation of glutathione, 

intra-cellular, along with a variety of other protein adducts. These reactive compounds avidly 

binded with the lysine residues of cellular proteins, causing alteration and subsequent 

inflammation (Chen et al.,1999). Administration of naturally occurring biological antioxidants in 

the past, such as vitamin E, to those patients who had elevated circulating F2-isoprostanes levels, 

demonastrated that supplementation of vitamin E to these patients considerably reduced the 

production of F2-isoprostanes and the relevant derived isomers (Davi et al.,1999). Apart from 

RA, serum isoprostanes levels were also significantly raised in other arthritic disorders. Although 

its concentration in synovial fluid was documented to be much high than their serum 

concentration, however, this finding had not been consistent. Probably the first study in this 
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regard was conducted in 2001, in which the circulating levels of isoprostanes were measured,  

and in the synovial fluids aspirated from the same patients. This study demonstrated high levels 

of reactive free radicals mediated F2-isoprostanes and other PGF2á metabolites in the blood and 

synovial fluid from patients suffering from RA, suggesting that both inflammation and oxidative 

injury were key players in bone and cartilage erosion in RA (Basu et al.,2001). As RA is an 

immune-mediated chronic inflammatory disease, high levels of oxidative stress markers like 

isoprostanes were fairly conceivable. There was an increased incidence of coronary 

atherosclerosis in patients with RA (Chung et al., 2005). In RA, increased oxidative stress, was 

considered to be the underlying mechanism for the development of atherosclerosis at a rapid rate.  

A positive correlation between F2-isoprostane and HDL-cholesterol concentrations was 

documented, as both were significantly associated with coronary arteries calcification and 

sclerosis of these vessels in patients with RA (Rho et al., 2010). On the same lines, in 2014, 

another group of scientists documented isoprostanes as a significant marker of oxidative stress, 

bone erosion and disease progression in RA. They worked on 73 patients with RA, and 

compared the results with 62 healthy subjects. They serially measured a variety of oxidative 

stress markers and showed that plasma isoprostanes levels were about 9-times higher in the 

plasma, and approximately 3 times higher in the urine of RA patients with AR, compared to 

healthy controls, thus establishing a correlation with the disease progression in RA (Luczaj et al., 

2014). 

These products were formed by lipid peroxidation within the synovial tissue cells. During 

oxidative stress, their concentrations were significantly increased in the synovial cells, indicating 

enhanced lipid peroxidation. In RA, these HNE products enhanced the mitochondrial pathway of 

cellular apoptosis by increasing the release of cytochrome c from mitochondria of synovial cells, 

which subsequently activated the caspases, leading to enhanced apoptosis, characteristically seen 

in RA. HNE has been, therefore, linked in the pathology of various inflammatory disorders such 

as RA, diabetes, atherosclerosis and cataracts (Salvayre et al., 2010). Recently,a study 

demonstrated increased serum levels of 4-HNE in patients with RA, compared to healthy 

controls (Gurkan et al.,2016). In the present study on selected Pakistani population, HNE levels 

were found to be elevated, showing enhanced lipid peroxidation in synovium of RA patients (p 

value = 0.016). 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Luczaj%20W%5BAuthor%5D&cauthor=true&cauthor_uid=26461394
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8-OHdGis an oxidized derivative deoxyguanosine, and considered as a primary product 

of DNA oxidation. It is a critical biomarker of oxidative stress, particularly measured to estimate 

the DNA damage in a variety of diseases, such as rheumatoid arthritis and 

carcinogenesis. Recently, 8-OHdG has been widely used in many arthritis studies, as a 

significant biomarker for endogenous oxidative DNA damage. The present study revealed 

significant correlation of 8-OHdG to the disease progression in RA due to its involvement in 

release of destructive MMP-3, causing remodeling and bone and cartilage erosion (8-OHdG Vs 

MMP-3, r=0.853***). It has been well documented that DNA damage and lipid peroxidation-

derived DNA adducts were potential factors for the pathogenesis and intense inflammatory 

response in the joints of patients with RA (Hitchon, 2009). Previously, it has been known that the 

oxidative stress-related DNA damage caused breakage of DNA double and single strands, which 

altered the quaternary arrangement in the DNA. As a result, the DNA unwinded, and was 

detected in the mononuclear cells in the blood circulation of patients suffering from RA (Bhusate 

et al., 1992). In the same lines, it was demonstrated that the baseline 8-OHdG levels were 

significantly greater compared to healthy controls (Laura et al., 2006). 

Basic Calcium Phosphates are a family of specific crystals comprised of carbonated 

substituted hydroxyapatite, tri-calcium phosphate andocta-calcium phosphate crystals. Strikingly, 

the present study showed BCP levels significantly related to RA pathogenesis (p value = 0.016). 

This study also predicted the involvement of BCP crystals and Cyclo-Oxygenase-1, which might 

have a significant role in the activation of MMP-3 (MMP-3 Vs BCP, r=0.899***).  

Basic Calcium phosphate (BCP) deposition accelerated the joint degenerative changes by 

stimulating the release of cytokines and proteases, which progressively degraded the bone and 

underlying cartilage in rheumatoid arthritis. Another pathogenic role attributed to BCP is 

activation of synovial fibroblasts and macrophages, which further aggravated the immune 

response in RA patients. 

Most recently, it was demonstrated that had vital in the activation of membrane kinases in 

human immune innate cells like macrophages and dendritic cells in the pathogenesis of arthritis 

(Emma et al., 2017). The study highlighted the deposition of BCP crystals within the joint 

synovium, which enhancedthe joint degeneration by increased synthesis and secretion of pro-

inflammatory cytokines and proteases which progressively degraded the cartilage. Moreover, 

they demonstrated increased production of IL-1 by tissue macrophages driven by BCP crystals in 
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the effected joint. They further demonstrated that BCP crystals activate specific intracellular 

signaling mechanisms, which promoted inflammation and subsequently lead to the enhanced 

production of MMPs and cartilage-degrading enzymes, which exacerbated joint destruction in 

RA. It was also shown that BCP crystals deposition had a pathogenic role in the development of 

arthritis by activation of synovial fibroblasts, macrophages, chondrocytes (Fuerst et al., 2009). 

Lipopolysaccharides are produced from infective agents, and were possibly involved in 

generation of cross-reactive auto-antigens in RA. It has been well known that 

lipopolysaccharides (LPS) accelerate the inflammatory response in RA. LPS bind with specific 

toll-like receptors thereby, exciting the innate immune response in RA (Beutler and Poltarak, 

2000). In a separate study conducted on animal models, it was shown that LPS was involved in 

an accelerated collagen-induced arthritis (Tanaka et al., 2013). It has been documented that LPS 

accentuated the inflammation in RA by promoting rapid and persistent production of a variety of 

cytokines and autoantibodies (Tanaka et al., 2013).     

 Malondialdehyde (MDA) is among the end products of peroxidation of polyunsaturated 

fatty acids present in biological membranes, therefore, an increased production of highly reactive 

free radicals caused over-production of MDA. MDA has long been considered as a useful 

biomarker of free radical-induced peroxidation in RA patients. High plasma levels of MDA were 

observed by (Chaturvedi et al., 1999), suggesting the pivotal role of free radicals in the 

pathogenesis of this inflammatory disorder. MDA is an index of lipid peroxidation in 

inflammatory diseases and its levels were found to be increased in RA and also in osteoarthritis, 

indicating oxidative damage (Shalini et al., 2016). MDA potentially reacted with DNA 

components such as deoxyadenosine and deoxyguanosine, forming DNA adducts, which were 

known to be mutagenic (Marnett et al., 1999). In another study, plasma MDA levels were 

demonstrated in patients of RA, suggesting an increased oxidant stress, associated with 

compensatory alterations in levels of few antioxidants such as glutathione. A positive correlation 

was observed between MDA levels and plasma levels of glutathione ceruloplasmin (Jasvinder et 

al.,1999).    

 Superoxides are generated as a byproduct of oxygen metabolism, and if produced in 

excess, may cause cellular damage. Dismutation of this radical is catalyzed by the enzyme 

superoxide dismutase (SOD), which eventually forms hydrogen peroxide and molecular oxygen, 

which are far less damaging than superoxides. Therefore, superoxide dismutase is regarded as an 

https://en.wikipedia.org/wiki/Deoxyadenosine
https://en.wikipedia.org/wiki/Deoxyguanosine
https://en.wikipedia.org/wiki/DNA_adducts
https://en.wikipedia.org/wiki/Mutagenic
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antioxidant and anti-inflammatory mechanism in the pathogenesis of rheumatoid arthritis by 

scavenging superoxide radicals in the cells. Demonstration of antioxidant activity of SOD was 

observed in a study conducted on experimental mice, in which SOD3 down-regulated and limited 

the collagen-induced arthritis in these animals, both in the absence and presence of phagocytic 

oxidative burst (Kelkka et al., 2012). In another study conducted on 24 patients of rheumatoid 

arthritis, serum activity of SOD was measured, along with serum levels of nitric oxide (NO). It 

was concluded that serum SOD activity and NO levels were found to be significantly high 

compared to the control group. It was further concluded that the disease activity score (DAS) 

showed positive correlation with serum SOD activity and NO levels in patients of RA (Taysi et 

al., 2003). In this study, SOD activity was significantly raised in synovial fluid of RA patients, 

suggesting increased oxidative insult to the joints (p-value = 0.016). Glutathione peroxidase 

enzyme (GPx) is an important detoxifying, antioxidant system of enzymes preventing oxidative 

damage in a variety of inflammatory disorders, by reducing hydrogen peroxide to water and also 

reducing lipid hydroperoxides to their respective alcohols. Low plasma levels of GPx were 

strongly implicated in the development of some common clinical disorders such as diabetic 

nephropathy (Sedighi et al., 2014) and celiac disease (Katar et al., 2014). Likewise, in 

rheumatoid arthritis, GPx levels were found to be significantly low (ca. 45%), as well as high 

MDA content in patients who were seropositive for RA factor (Hassan et al., 2001). They 

demonstrated 50% reduction in GPx levels along with a threefold increased activity of 

Glutathione transferase in RA patients. In the same lines, in year 2011, lipid peroxidation status 

was measured in patients of rheumatoid arthritis, and it was highlighted that in RA, there were 

compensatory changes in the serum levels of antioxidants such as GPx, MDA, ceruloplasmin and 

catalase enzyme, to provide protection against lipid peroxidation. A negative correlations was, 

however, found between GPx activity and glutathione levels (Amal et al.,2011). It has been 

known that in RA, free radical generation overwhelmed the antioxidant systems, whose activities 

were maximally abolished in the development of RA (Ozturk et al.,1999). The present study on 

synovial fluid analysis of the affected joints of RA patients showed a significantly reduced 

activity of GPx (p-value = 0.002). 

 Glutathione (GSH) is a tripeptide, and is known to prevent the cellular components 

against oxidative damage caused by free radicals, lipid peroxides and heavy metals (Pompella et 

al., 2003). GSH is an important cofactor for glutathione peroxidase enzyme (GPx) and also 
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contributes in synthesis of proinflammatory leukotrienes. It exists in both oxidized (GSSG- 10%) 

and reduced (GSH-90%) forms. It has been known that if the ratio of GSSG-to-GSH increased, it 

indicated oxidative stress (Halprin and Ohkawara 1967). The concentration of glutathione was 

measured in erythrocytes (E-GSH) in 16 patients of rheumatoid arthritis at the onset stage of the 

disease, and then after 3 to 6 months of treatment by anti-rheumatoid drugs such as 

aurothiomalate and D-penicillinamine. Significantly increased levels of E-GSH were observed in 

RA patients on anti-rheumatoid drugs, compared to healthy controls (p<0.001). No difference 

was, however, observed between E-GSH levels in RA patients and controls at the disease onset 

(Möttönen et al.,1984). Lately, it was documented that impairment of glutathione defense 

mechanisms were involved in the pathogenesis of RA, by measuring serum reduced glutathione 

levels in 58 patients of rheumatoid arthritis. It was concluded that there were significantly 

reduced GSH levels (50%) in RA patients compared to healthy controls (Hassan et al.,2001). 

Furthermore, they highlighted that the defense mechanisms against reactive oxygen radicals were 

significantly impaired in the patients with RA. Reduced amount of antioxidants caused 

imbalancein the ratio of oxidants and antioxidants which was the ultimate reason for the 

increased oxidative stress in the patients of rheumatoid arthritis. Increased generation of 

oxidative stress species were involved in the activation of macrophages and neutrophils which in 

turn were involved in initiating the series of cytokines and inflammation in some cases such 

activation was processed under the influence of NADPH oxidase system its activation might 

have been be induced under the influence of several lipoproteins and cytokines, most importantly 

lipopolysaccharides (LPS) increased oxygen radicals or ROS, and directly involved in increased 

production of ONOO
-
 or reactive nitrogen species.  

 Glutathione Reductase enzyme (GRx) has a critical role in preventing oxidative stress by 

forming glutathione (GSH) from reduction of glutathione disulfide (GSSG), thus maintaining a 

reducing intracellular environment. This ratio of GSSG/GSH was a key factor in maintaining 

adequate oxidative balance within a tissue cell. Although the exact mechanism of maintaining 

the oxidative balance was unknown, but maintenance of this delicate balance was known to be 

the prime function of GRx enzyme (Deponte, 2013). It has been demonstrated that neutrophils 

which were deficient in GRx enzyme produced a short-livedoxidative burst in response to 

bacterial infection, as compared to neutrophils which expressed GRx normally (Yan et al.,2012). 

There is compelling evidence that the activity of GRx enzyme is significantly low in patients of 
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RA, compared to controls (Desai et al., 2010). On the contrary, one study showed significantly 

elevated ratio of GSH/GSSG in RA, compared to control group, suggesting that this high ratio 

was associated with enhanced activity of GRx enzyme which reduced GSSH into GSH 

(González et al., 2015). In the present study on antioxidant markers in RA, activity of GRx was 

found to be significantly low in synovial fluid aspirated from the inflamed joints of these patients 

(p-value = 0.002). 

 Catalase enzyme potentially neutralized hydrogen peroxides into oxygen and water, thus 

protecting the cells from oxidative damage caused by reactive oxygen radicals (Gaetani et 

al.,1996). It had the highest catalytic efficiency as it can neutralize millions of hydrogen 

peroxide molecules within one second (Goodsell.,2004). Catalase (CAT) is a tetrameric protein, 

and is able to oxidize many toxins and metabolites into formaldehyde, phenols, formic acid, by 

using hydrogen peroxide. In RA, there was overwhelming production of reactive oxygen species, 

causing oxidative damage to the synovium. Moreover, auto-antibodies produced against 

antioxidant systems, such as CAT and SOD were also detected in patients with RA (Mansour et 

al.,2008). The data highlighted an increased serum levels of IgG antibodies against catalase 

enzyme in RA patients (p<0.05) as compared to normal controls. This suggested a possible role 

of impaired CAT activity in the pathogenesis of RA. Decreased activity of anti-oxidant 

mechanisms in RA contributed to increased oxidative damage to joints in RA by enhanced 

generation of reactive oxygen radicals (Mateen et al., 2016). In another study on antioxidant 

activity of CAT in rheumatoid arthritis, 29 patients of early RA were included along with 61 

healthy controls. Peripheral blood samples were analyzed for CAT levels in both groups. It was 

observed that catalase activity was significantly low in RA patients compared with control group, 

indicating impaired antioxidant defense mechanisms in disease progression (Camli et al.,2016). 

In the present study, estimation of synovial fluid of patients with RA showed significantly low 

activity of CAT (p-value = 0.002) highlighting impaired anti-oxidant mechanisms involved in 

the pathogenesis of RA.   

 Nitric oxide is produced from L-arginine amino acid, oxygen and NADPH by a family of 

Nitric Oxide Synthase enzymes (NOS), and is generated by endothelial cells, macrophages, 

monocytes and neutrophils. Nitric oxide (NO) is a free radical, as it possesses an unpaired 

electron (·NO) and is known as a powerful local vasodilator and also acts as a cellular signaling 

molecule (Hou et al.,1999). NO has long been implicated as a potent mediator of inflammatory 

https://en.wikipedia.org/wiki/Unpaired_electron
https://en.wikipedia.org/wiki/Unpaired_electron
https://en.wikipedia.org/wiki/Unpaired_electron
https://en.wikipedia.org/wiki/Unpaired_electron
https://en.wikipedia.org/wiki/Oxygen
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and immune responses. It has been demonstrated that NO potentially activated the pro-

inflammatory NF-kB pathway in mononuclear cells of peripheral blood (monocytes, 

lymphocytes), which is an important transcription factor in enhancing the gene expression of 

inducible nitric oxide synthase pathway (iNOS), thus promoting the inflammation (Kaibori et 

al.,1999).This enhanced expression of iNOS in phagocytes could possibly generate large 

amounts of ·NOradical which mediated rapid apoptosis of adjacent tissue cells (Wallace et al., 

2015). Nitric oxide has a central role in the pathogenesis of RA. In RA, nitric oxide contributed 

to T cell dysfunction, and recent evidences showed that NO was responsible for cellular 

depletion of glutathione, which might be a key factor in disease progression in patients with RA 

(Nagy et al., 2010). A similar cross sectional study on Egyptian patients showed significantly, 

high serum levels of NO among RA patients in comparison to healthy controls. Even higher 

levels of NO were detected in active RA group patients (mean +SD 82.38+20.46) than the 

inactive group (mean+SD 35.53+7.15). Oxidative stress in the inflamed joint possibly 

contributed to autoimmune processes and progressive destruction of joint cartilages, and also 

increased production of NO from activated joint chondrocytes mediated the characteristic 

cartilage destruction in RA (Amin et al., 2014). In the present study, significantly increased 

concentration of NO was seen in the joints of patients with RA (p-value=0.024) indicating 

inflammatory damage to the juxta-articular bones and the underlying cartilages.  

 The inducible isoform of Nitric oxide synthase enzyme (iNOS) generated large amounts 

of NO by binding with calcium binding proteins calmodulin, and was, therefore, involved in 

immune responses in a variety of autoimmune disorders such as RA. Enhanced production of 

NO by iNOS was probably due to its stimulation by inflammatory cytokines such as γ-

interferons, IL-1 and TNF-α in a highly oxidative environment as seen in the joints of RA 

patients (Green et al.,1994).                  

 Cyclooxygenase pathway (COX-1) produced prostaglandins (PGs) and were observed to 

be highly expressed in rheumatoid arthritis. PGs are pro-inflammatory mediators, and were 

derived from arachidonic acid, their concentration was found particularly elevated in the serum 

and synovial fluids of RA patients. While COX-1 was constitutionally expressed in a variety of 

tissues, the COX-2 pathway was, on the contrary, induced by different cytokines, growth factors 

and bacterial toxins (Rouzer and Marnett, 2009). It has been known that Prostaglandin D2 

(PGD2) was excessively secreted by activated joint chondrocytes (Egg, 1984), osteoclasts 

https://en.wikipedia.org/wiki/Unpaired_electron
https://en.wikipedia.org/wiki/Unpaired_electron
https://en.wikipedia.org/wiki/Unpaired_electron
https://en.wikipedia.org/wiki/Unpaired_electron
https://en.wikipedia.org/wiki/Oxygen
https://en.wikipedia.org/wiki/Apoptosis
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(Gallant et al.,2005) and also by synovial fibroblasts and mast cells (De Paulis et al.,1996). 

Prostaglandin D2 maintained cartilage integrity by inhibiting the apoptosis of joint chondrocytes 

(Relić et al., 2005). It also exerted its protective effects by stimulating the differentiation of 

chondrocytes and enhancing the expression of type-ll collagen (Jakob et al.,2004). The primary 

prostaglandin secreted by the chondrocytes was prostaglandin E2 (PGE2). In RA, it has been 

observed that the synthesis of PGE2 was markedly enhanced by pro-inflammatory cytokines, 

such as TNF-α and IL-1 (Pelletier et al., 2003). It has been shown that PGE2 induced enhanced 

apoptosis of chondrocytes in patients with RA (Miwa et al., 2000). In the current study, 

significant expression of COX-1 pathway was observed (p-value=0.008) showing inflammatory 

damage to juxta-articular bones in patients with RA. 

 Neutrophils have a multi-factorial role in the disease progression in RA, possessing 

highest cytotoxic potential due to their ability to generate matrix degradative enzymes and 

release large amounts of reactive oxygen species (ROS). They released cascades of cytokines 

and chemokines, thereby perpetuating the inflammatory response in joints of patients with RA  

(Mantovani et al.,2011). Previously, the role of neutrophils was elucidated in the pathogenesis of 

RA, as their high concentration in the inflamed joints supported a role of these destructive cells 

in disease progression, along with interplay of signals between neutrophils and the activated 

chondrocytes (Pillinger and Abramson 1995). On the same lines, a study emphasized the role of 

neutrophils as a source of autoantigens in RA by releasing neutrophil extracellular traps (NETs) 

which contained citrullinated proteins, and autoantibodies against these altered proteins hadbeen 

detected in the sera of patients with RA(Louisetet al.,2014). It was shown in a separate study, 

that the neutrophils phagocytic activity was significantly higher in patients of RA who were 

seropositive for anti-citrullinated peptide antibodies (Anti-CCP) and rheumatoid factor (RF), 

compared to seronegative individuals. Thisstudy showed enhancedphagocytosis by these 

activated neutrophils in RA patients and suggested that the production of anti-CCP antibodies 

and RF possibly accentuated the inflammatory response indirectly by involving the neutrophils 

(Bogliolo et al., 2015). In the present study, the activity of neutrophils in the joint fluid was 

significantly increased in RA patients (p-value=0.022).  

 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Pillinger%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=8619095
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FIGURE 01: Rheumatoid arthritis (RA) is an autoimmune, antigen-driven, T-cell mediated disorder, characterized by chronicity and destructive potential, 

owing to the progressive, aggravated inflammatory response in the synovial tissue of the affected joint. The disease model proposed an immunologic response, 
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and described the cellular components such as, macrophages, T cells, B cells & activated synoviocytes, stimulating the inflammatory destructive mechanisms. 

The model emphasized the crucial step of migration of inflammatory cells such as, monocytes, fibroblasts, T-helper cells, B-cells, plasma cells & 

macrophages from synovial microvessels into the synovial tissue. The synovial fluid was principally composed of neutrophils that had infiltrated from the 

joint circulation. Subsequent secretion of pro-inflammatory cytokines and chemokines by these inflammatory cells, further amplified the inflammatory 

destruction of bone & cartilage within the joint, ultimately leading to crippling ankylosis. These cytokines interacted with specific cell surface receptors, 

which initiated intracellular signal transduction in target cells and, ultimately, biological responses. Although the exact cause of RA is unknown, but the 

process was initiated by an immunological trigger, manifested clinically by structural damage and functional disability. There was a complex interplay among 

environmental trigger, arthritogenic antigen and the genotype, which showed loss of tolerance to self-proteins containing citrulline, generated by post-

translational modification.  The T-cell response was pivotal, as these cells showed activation and differentiation. This anti-citrulline response could be 

detected in secondary lymphoid tissue or in the bone marrow. Thereafter, localization of the inflammatory process occured in the joint, initiating characteristic 

synovitis. The model described the events of cellular migration and residing causing excessive generation of reactive oxygen radicals, which damaged the 

cellular proteins, lipids, DNA and other components of the synovial matrix. Modification and alteration of proteins underlined the immune response in RA 

patients. Reactive oxtgen species (ROS) are highly reactive, short lived, distinct species containing unpaired electron, rapidly attacking and „stealing‟ the 

electrons of the neighboring structures. These ROS further stimulated the chondrocytes and synovial fibroblasts to secrete matrix-metalloproteinases (MMPs). 

MMPs were responsible for remodeling and destruction of cartilage and underlying bone. Excessive production of these free radicals (ROS AND RNS) 

enhanced the impairment of antioxidant systems in patients of RA.  Besides ROS, reactive nitrogen species (RNS) were also generated, further aggravating the 

oxidative damage; for example, ONOO
-
(peroxynitrite), ONOOH (peroxynitrous acid) and NO3

-
(nitrate ion) radicals. Macrophages and neutrophils were 

activated under oxidative conditions („respiratory burst‟), mainly mediated by NADPH oxidase system, which markedly enhancedthe oxygen consumption 

and resultant superoxide anion production (O2
-
). This initiated a chain reaction, eventually resulting in disruption of organism‟s cell. The cascade began when 

synovial dendritic cells and myeloid cells expressed cytokines (IL-15, IL-21, IL-23) and co-stimulatory molecules, which were necessary for T-cell activation 

(mainly Th-1 cells) and antigen presentation. Therefore, the earliest documented event in the pathogenesis of RA was the activation of the innate immune 

response, which included the activation of dendritic cells by exogenous material and autologous antigens. Antigen-presenting cells, including dendritic cells, 

macrophages and activated B cells, presented arthritis-associated antigens to T cells. Concurrently, CD4
+
 T cells that secreted IL-2 and IFN-γ infiltrated the 

synovial membrane. It was shown in model, that the rheumatoid joint contained a variety of pro-inflammatory cytokines which included, IL-1, TNF-α, IL-6, 

IL-15, IL-16, IL-17, IL-18, Υ -IFN, granulocyte macrophage-colony stimulating factor, and chemokines such as IL-8, macrophage inflammatory protein and 

monocyte chemo-attractant protein. Th1 cells producing Ƴ-interferons (Υ-IFN) stimulated synoviocytes and macrophages, aggravating the inflammation. 

Macrophage activation might have resulted from direct contact with T cells (toll-like receptors), and also by stimulation by immune complexes or bacterial 

products found in the synovial fluid. Once activated, macrophages secreted TNF-α, IL-1, IL-6, IL-12, IL-15, IL-18, IL-23, and were involved in the release of 

matrix degradation enzymes, phagocytosis, antigen presentation, and reactive oxygen intermediates. Secretion of MCSF (macrophage colony stimulating 

factor) by the activated macrophages was responsible for osteoclast activation, which were key players in bone resorption and destruction in RA. Both IL-1 & 

TNF- α upregulated the expression of cell adhesion molecules on the endothelial cells of synovial blood vessels, which was important in the recruitment of 

more inflammatory cells at the affected site. They also activate a variety of cell types found in the rheumatoid joint, including macrophages, fibroblast-like 

synoviocytes, chondrocytes, and osteoclasts, resulting in the release of other pro-inflammatory mediators and degradative enzymes. They further stimulated 

the excessive proliferation of synovial cells leading to the characteristic „pannus‟ formation. Both IL-1 & TNF- α influenced the immunological activity by 

causing T cell and B cell activation and release of IL-6. Lastly IL-1 enhanced the formation of VEGF, which was crucial for angiogenesis in the affected 

synovium. Interleukin-17A released by Th17 cells, synergized with TNF-α to promote activation of fibroblasts and chondrocytes. IL-17 upgraded MAPK and 

Nf-kB signaling pathways, causing enhanced inflammation and neutrophils recruitment. The activated chondrocytes released MMPs, which degraded type II 

collagen. Il-17 also stimulated synoviocytes and macrophages, and recruited more neutrophils within the synovial fluid, thus establishing a positive feedback 

loop. Another cytokine demonstrated by this model is IL_21, which was unique in that it effectively exerted its inflammatory effects at distant sites. In 

synergism with IL-1 & IL-18, it recruited highly cytotoxic neutrophils within the synovium. IL-21 also enhanced osteoclastogenesis by promoting RANKL. In 



CHAPTER FIVE                                                                                                                                                                                      DISCUSSION 

 UMER, 2017 

79 
  

addition, IL-21 activated mast cells, which released histamine, thus promoting inflammation. IL-6 secreted by the activated macrophages, aggravated synovitis 

by stimulating neovascularization, progressive infiltration of synovial inflammatory cells, and hyperplasia of synovium. IL-6 was also responsible for cartilage 

and bone resorption by enhancing the osteoclast activity through induction of RANKL genes within the synoviocytes. IL-6 promoted Jak-STAT pathway for 

osteoclast activation. IL-6 stimulated B-cells through CD-20, CD 22, which rapidly differentiated into plasma cells secreting autoantibodies (RF, ACPA, 

soluble immune complexes). B-cells, therefore, contributed to RA pathogenesis not only through antigen presentation, but also through the production of 

antibodies, auto-antibodies and cytokines; RF and anti-CCP auto-antibodies (anti-citrullinated protein antibodies) which were common in patients with RA. B 

lymphocytes expressed cell surface proteins, including immunoglobulin and differentiation antigens such as CD20 and CD22. These auto-antibodies 

eventually formed larger immune complexes which potentially stimulated the production of pro-inflammatory cytokines, including TNF-α, through 

complement and Fc-receptor activation. Therefore, T-cell and B-cell activation resulted in an increased production of cytokines and chemokines, leading to a 

feedback loop for additional T-cell, macrophage and B-cell interactions. The neutrophils present in the pannus were activated by immune complexes (RF, 

ACPA) which caused degranulation of neutrophils, releasing ROS, proteases, directly on the surface of the cartilage, degrading hyaluronic acid. Neutrophils 

possessed the greatest cytotoxic potential, because of their ability to release degradative enzymes and reactive oxygen species. Neutrophils also contributed to 

the cytokine and chemokine cascades that accompanied inflammation, and regulate immune responses via cell-cell interactions. Citrullination of arginine in 

synovial tissue was catalyzed by the enzyme peptidylarginine-deiminase (PAD), changing the positively charged arginine to a polar but neutral citrulline. 

These citrullinated peptides/proteins and the relevant antibodies (ACPA) were crucial for the initiation of RA. Activated synoviocytes upregulated vascular 

cell-adhesion molecules such as Adhesions, Integrins and V-cam molecules. Moreover, these were significant producers of interleukin-6 (IL-6), chemokines 

and MMPs. These synoviocytes contributed to the local destruction of cartilage and bone by secreting MMPs into the synovial fluid, and by direct invasion 

into these tissues. The multinucleated Osteoclasts were primary mediators of bone destruction, and populated the synovial membranes of patients with RA. 

Macrophage-driven osteoclastogenesis required the presence of macrophage colony-stimulating factor (MCSF) and resulted from the interaction of the RANK 

and the RANK ligand (RANKL). RANKL expression was regulated by pro-inflammatory cytokines such as TNF-α, IL-1, IL-6 and IL-17. Moreover, MCSF 

(macrophage colony-stimulating factor), IL-6 and IL-11 could also support human osteoclast formation from peripheral blood mononuclear cells by a 

RANKL-independent mechanism. Angiogenesis was a key process in the formation and maintenance of pannus, because invasion of cartilage and bone 

requires increased blood supply. In patients with RA, many pro-angiogenic factors were expressed in the synovium, but VEGF, a potent cytokine, played the 

central role in angiogenesis. VEGF was both a selective endothelial cell mitogen and an inducer of vascular permeability. In RA patients, IL-6 in synergy with 

IL-1β and TNF-α, induced VEGF production. The principal cause of bone erosion is the osteoclast rich, hypertrophied portion of synovial membrane; 

„pannus‟, which was found at the interface with cartilage and bone (sub-intimal layer). The pannus invaded from the joint margins, triggering cartilage 

thinning that was mediated by the release of matrix metalloproteinases (MMPs) from synovial fibroblasts. Pannus progressively grew over and produced 

sustained, irreversible cartilage destruction and erosion of the subchondral bone in patients with RA. 
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TABLE:02 PEARSON S’ CORRELATION COEEFICIENTS OF PROGNOSTIC 

VARIABLES IN RHEUMATOID ARTHRITIS  

 

VARIABLES (r) P-VALUE 

8-OHdG Vs MMP-1 0.519* 0.0314 

8-OHdG Vs MMP-2 0.465* 0.0253 

8-OHdG Vs MMP-3 0.853*** 0.0017 

8-OHdG Vs MMP-8 0.661** 0.0140 

8-OHdG Vs MMP-9 0.649** 0.0118 

8-OHdG Vs MMP-10 0.667** 0.0356 

SOD Vs MMP-3 0.795*** 0.0056 

SOD Vs 8-OHdG 0.673** 0.0034 

SOD Vs TNF- α 0.594** 0.0318 

IL-17 Vs MMP-3 0.619** 0.0314 

IL-21 Vs MMP-3 0.786*** 0.0000 

TNF- α Vs NO 0.886*** 0.0016 

MMP-3 Vs TNF- α 0.773*** 0.0038 

MMP-3 Vs IL17 0.646** 0.0041 

NO Vs MMP-3 0.749*** 0.0153 

MMP-3 Vs neutrophils 0.896*** 0.0000 

SOD Vs Neutrophils 0.674** 0.0161 

MMP-3 Vs BCP 0.899*** 0.0048 

BCP Vs Cyclo-Oxygenase-1 0.759*** 0.0141 

TNF- α Vs NO 0.887** 0.0000 

TNF- α Vs IL-21 0.746*** 0.0034 

NO Vs IL-21 0.861*** 0.0000 
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SUMMARY 

Rheumatoid arthritis (RA) is a crippling, chronic inflammatory disease caused by an 

impaired immune response and mediated by a complex interplay of cytokines and a variety of 

inflammatory mediators. In Pakistan, rheumatoid arthritis affects a significant number of elderly 

population, leading to multiple extra-articular complications and eventual mortality. 

Unfortunately, few studies have been conducted which demonstrated the complex interactions of 

different inflammatory mediators implicated in the pathogenesis of RA in adult population in 

Pakistan. Limited data is, however, available on small population groups demonstrating the 

significance of few selected biomarkers of oxidative stress and cytokines implicated in the 

pathogenesis of RA. The current study is based on measuring the levels of a spectrum of 

cytokines, inflammatory mediators and anti-oxidants within the affected joints of 288 patients 

diagnosed with RA in the adult male population in province Punjab of Pakistan, and comparing 

the findings with 100 healthy controls.  

The 288 diagnosed patients of RA were selected and synovial fluid was aspirated from 

the affected joints by needle aspiration under aseptic conditions. The levels of many cytokines, 

antioxidants, biomarkers of oxidative stress and inflammatory mediators were measured in the 

synovial fluid samples, includingmalondialdehyde (MDA), isoprostanes, 8-hydroxy-deoxy-

guanosine (8-OHdG), 4-hydroxy 2-nonenal (HNE), antioxidants glutathione (GSH), glutathione 

peroxidase (GPx), glutathione reductase (GRx), catalase (CAT), superoxide dismutase (SOD), 

Interleukins (IL-2, IL-4, IL-6, IL-8, IL-13, IL-17, IL- 21 & TNF-α ), inducible nitric oxide 

synthase enzyme (iNOS), Nitric oxide (NO), advanced oxidation protein products (AOPPs), 

advanced glycation end products (AGEs), basic calcium phosphate (BCP), matrix 

metalloproteinases (MMPs 1, 2, 3, 8, 9 & 10), lipopolysaccharides (LPS), calcium, 

pyrophosphates,  neutrophils and cyclo-oxygenase-1 (COX-1). 

The characteristic autoimmunity in RA was triggered by activation of resident dendritic 

cells in the affected joints, due to altered or implanted antigens, which presented these antigens 

to T-helper cells, notably, CD4+ cells. These released a cascade of cytokines, thus contributing 

to the chronicity of RA. Subsequent release of IL-17 by Th-17 lymphocytes recruited and 

activated macrophages within the joint synovium, which were pivotal in the pathogenesis of RA. 

These activated macrophages release IL-1, which not only activated the joint fibroblasts but 
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recruited neutrophils in the joints of RA patients, which causedjoint destruction in RA. Release 

of IL-6 by macrophages led to enhanced B-cells differentiation into plasma cells, which 

synthesized and secreted large number of gamma-globulins, initiating a vicious auto-immune 

response. In the present study, however, IL-21 was more strongly related to joint damage by 

increasing the activity of TNF-α and MMP-3 released early in the disease. In addition, MMP-3 

activity was most significant in the present study, as compared to other MMPs involved in the 

pathogenesis of RA. Macrophages generated NO in excess, causing production of reactive 

nitrogen species (RNS), such as nitroxyl ions, nitrosyl ions and peroxynitrites, which accentuated 

the oxidative damage to synovial membrane in joints of RA patients. IL-21 secreted by 

macrophages, potentially acted on distant sites, induced osteoclastogenesis by highly expressing 

the RANKL genes, and these activated osteoclasts were primarily responsible for bone 

resorption and subsequent pannus formation in the inflamed joints. The activated fibroblasts of 

synovial tissue also led to enhanced expression of RANKL, thus promoting osteoclasts activity 

within the inflamed joints. Angiogenesis was typically promoted in affected joints, mediated by 

TNF-α released by activated macrophages via enhanced expression of VEGF within the narrow 

joint vicinity. The newly recruited neutrophils dominated in the inflammatory and oxidative 

destructive processes in the RA joints by generating large amounts of ROS, MMPs and 

simultaneously releasing cytokines and chemokines which activated the underlying chondrocytes 

and further promote macrophage activation, thus forming a vicious, positive feed-back loop in 

RA joints. The destructive proteases released by neutrophils eroded the articulating bones and 

underlying joint cartilages and degraded the matrix glycoasaminoglycans such as hyaluronic 

acid. The antioxidant systems in RA were significantly compromised in RA contributing to 

enhanced lipid peroxidation and progressive joint destruction.  

Activity of CAT and GRx were observed to be significantly reduced in the current study 

on synovial fluids of affected joints, compared with healthy controls. It was observed that NO 

was more strongly correlated with oxidative damage as compared singlet oxygen. Measurement 

of important biomarkers of oxidative stress showed significant increase in the levels of AOPPs, 

AGEs and notably MDA. High levels of MDA were observed in the joint fluids of patients with 

RA, suggesting a role of reactive radicals in the pathogenesis of RA. 8-OHdG was another 

critical biomarker of oxidative stress and DNA damage, and its levels in joint fluid were 



CHAPTER SIX                                                                                                                            SUMMARY 

 UMER, 2017 

 

89 
 

observed to be more strongly correlated to MMP-3 activity, compared with other oxidative 

biomarkers. Similarly, high AOPPs levels suggested impaired activation of joint synoviocytes, as 

well as enhanced apoptosis of joint chondrocytes, which, in turn, generated excessive amounts of 

reactive oxygen radicals (ROS) perpetuating the oxidative insult. Excessive, non-enzymic, 

glycation of joint proteins forms AGES, which activated the pro-inflammatory Nf-kB pathway, 

leading to high tendency of bone damage in RA due to enhanced proteolysis. Deposition of 

excessive amounts of basic calcium phosphate (BCP) was observed in the current study, 

suggesting its pathogenic role in RA. BCP deposition activated joint fibroblasts, which, in turn, 

released MMPs 1, 8 and 9, which were most critical in synovial remodeling and cartilage 

erosion. BCP deposition activated macrophages, which released a cascade of cytokines and 

chemokines, such as TNF-α which has multi-dimensional roles in the pathological damage to 

joints of patients with RA. The present study demonstrated high BCP levels in the joints of RA 

patients, suggesting its critical role in aggravation of inflammatory destruction of RA joints, in 

particular, its‟ strong correlationship with MMP-3 activity.  Lipopolysaccharides (LPS) are 

bacterial cell wall components, known to induce immune responses in sensitized individuals, 

notably activation of B-cell induced humoral immunity, contributing to exaggeration of 

autoimmune response characteristically seen in RA. Presence of LPS in joints vicinity increased 

the release of Gamma interferons (γ-IFN), which further exacerbated the immune response in 

RA. No clear relationship, however, was observed between the pathogenesis of RA and synovial 

fluid levels of calcium and pyrophosphates (PPi) in the inflamed joints. It was noted that the 

activity of COX-1 was significantly increased in the joints of RA patients, suggesting the 

possible role of prostaglandins in accentuating the local inflammatory damage. PGE2 in 

particular enhanced the apoptosis of joint chondrocytes leading to progressive cartilage 

destruction in the joints of patients with RA. In the present study, COX-1 activity was observed 

to be strongly correlated with BCP deposition in the joints of patients with RA.  

The current study, therefore, elucidated the activity and synovial fluid concentrations of a 

variety of cytokines, chemokines and inflammatory mediators, oxidative biomarkers and pro-

inflammatory pathways involved in the pathogenesis of RA in the selected adult Pakistani 

population, which might provide better understanding of the disease progression and interplay of 

cytokines in the joint destruction characteristically seen in the patients of rheumatoid arthritis.
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CONCLUSION 

In conclusion, MMP-3 resulted in the progressive inflammatory destruction of joint 

cartilage and underlying bones in the patients with RA. Compared with other cytokines, IL-21 

was observed to be the principal cytokine responsible for the activation of MMP-3 within the 

affected joints. The devastating activity of MMP-3 was highly related to neutrophil activation 

and infiltration in the joints of patients with RA. BCP and COX-1 played a dominant role in the 

inflammatory destruction of joints of patients with RA in the selected population. There was a 

marked decrease in the activity of anti-oxidant systems (GPx, GRx, CAT and SOD). However, 

the activity of GRx was maximally compromised in the patients with RA.     
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FIGURE 02: LEVELS OF DIFFERENT VARIABLES IN RADICULAR CYST   
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FIGURE 03: LEVELS OF DIFFERENT VARIABLES IN RADICULAR CYST   
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FIGURE 04: LEVELS OF DIFFERENT VARIABLES IN RADICULAR CYST   
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FIGURE 05: LEVELS OF DIFFERENT VARIABLES IN RADICULAR CYST   
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(A)  (B) 

 

FIGURE 06: LEVELS OF DIFFERENT VARIABLES IN RADICULAR CYST   
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