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Abstract 

Rheumatoid arthritis (RA), shown as joint inflammation, pain, swelling, osteoporosis and bone erosion, 

is a debilitating autoimmune disease. It affects about 2% of the people all over the world. The etiology 

of RA remains elusive. But free radicals, oxidizing, proteases, cytokines, transcription factors and 

immune cells are believed to play a role in the onset of arthritis. The enhanced production of ROS and 

free radicals by all kinds of endogenous sources were observed. ROS and free radicals have multiple 

effects on joint structure and function. Now many promising methods are under research and may 

bring great improvements to RA treatment.  
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1.Introduction of the rheumatoid arthritis 

Rheumatoid arthritis (RA) is a chronic inflammatory, autoimmune disease, manifesting joint swelling, 

pain, functional impairment and muscle wasting and is associated with increased risk of cardiovascular 

disease (CVD) and osteoporosis. [1-4]. It is characterized by both localized and systemic inflammation 

with elevated plasma concentrations of pro-inflammatory cytokines, such as interleukin-6 (IL-6), 

interleukin-1 (IL-1), tumor necrosis factor-α (TNF-α), and acute-phase proteins [1-4,38]. 

Rheumatoid arthritis has a prevalence of about 2% worldwide and is threefold more common in 

women than men, which may be attributable to hormonal factors [1-2]. RA is thought to result from an 

underlying genetic susceptibility, which is manifest in response to an environmental trigger [1-4,38]. 

The symptoms of RA typically appear during middle age [2]. The associated complications make RA 

important in public health terms. Rheumatoid cachexia may be an important contributor to the risk of 

developing these complications and is associated with the elevated production of the inflammatory 

cytokines IL-1 and TNF-α. [1-2].  

2.Pathogenses of the rheumatoid arthritis  

Although RA is generally accepted as an autoimmune disease, the etiology of RA remains elusive 

[2,38]. The clear-cut genetic contribution in this disease is contained predominantly within the human 

leukocyte antigen (HLA) class II locus. On one side of the peptide-binding groove of HLA-DR, there 

is a shared epitope, comprising amino acids 70-74 of theβchain [38]. This epitope is present in > 80% 

of Caucasian RA patients and is the most important evidence to support the concept that T lymphocyte 

recognition is important at some stage in the pathogenesis of RA, either in shaping the T cell receptor 

(TCR) repertoire or in the antigen presentation [38]. 
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The pathology of RA extends throughout the synovial joint (Fig. 1), and in severe cases, involves 

many other organs. In contrast to the acellular nature of normal synovial fluid, RA synovial fluid is 

enriched predominantly with neutrophils, but macrophages, T lymphocytes, and dendritic cells are also 

present. The increase in cellularity, however, is most obvious in the synovial membrane, which 

becomes infiltrated by cells recruited from the blood [5]. The lining layer of the joint increased greatly, 

and comprised mostly of activated macrophages with an underlying layer of fibroblast-like cells. 

Many of the activated macrophages and T lymphocytes express abundant HLA class II and adhesion 

molecules of relevance in antigen presentation [38]. The deeper layers within the synovium have 

follicles of lymphoid cells around vessels as well as lymphocytes scattered between them. 

Neovascularization is prominent in this region in RA [5].  

Figure 1. Diagrammatic representation of synovial 
joint, normal joint (left) and rheumatoid arthritis joint 
(right). 

 

 

The major site of irreversible tissue damage o

at the junction of the synovium with the cartilage an

bone, a region termed the pannus, an area rich in 

macrophages [38,42]. The cells of the pannus attac

and migrate into the underlying cartilage and the bone and are related with the erosion of these tissues

[38]. At the same time, macrophages and other inflammatory cells are recruited to the joint and 

produce a number of mediators, including IL-1 and TNF-α, The concentration of IL-1 and TNF-α in 
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plasma is significantly higher in RA patients then the normal people. And the concentration correlates 

with RA disease activity [42].   

The destruction of the cartilage seen in rheumatic disease is now considered to be mostly due to the 

activity of metalloproteinases, enzymes produced by activated macrophages and fibroblasts in 

response to proinflammatory cytokines [44-46]. The activity of metalloproteinases is regulated to 

some extent by tissue inhibitors of metalloproteinases (TIMPs), which irreversibly bind the active 

MMP to form a 1:1 complex [53-56]. Much of the connective tissue destruction in RA is due to 

imbalance between the metalloproteinases and the TIMPs [44-46, 53-56]. The bone damage includes 

focal erosions systemic osteoporosis and, as a consequence, increased risk of fracture. The focal 

erosions of bone are because of that osteoclast mediated resorption overwhelms the new bone 

formation [42].   

 3.The effect of free radicals on proteins on cartilage matrix.  

Destruction of articular cartilage is an irreversible consequence of arthritis. Cartilage consists of 

chondrocytes and two major components of matrix, a type II collagen-fibril network with associated 

small proteoglycans (Fig 2.) [2]. Chondrocyte keeps the homostasis of the extracellular matrix, so 

apoptosis of chondrocyte is related with the destruction of articular cartilage [42,45]. Cartilagious 

proteins are important targets for degradation in arthritis. Chondrocytes and synovial cells synthesize 

many proteases in response to inflammatory stimuli. Members of each of the four classes of protease – 

serine/threonine proteases, cysteine proteases, aspartic proteases, and metalloproteases – have been 

implicated in the degradation of cartilage [44]. However, current data indicate that the 

metalloproteases is most important for damage of cartilage in RA. This class of enzyme is 

characterized by the presence of an essential metal ion (usually zinc) within the active site [38,44]. Of 
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the metalloproteases, the members of two families, the matrix metalloproteases (MMPs) and the 

ADAMTSs (a disintegrin and a metalloprotease with thrombospondin motifs) family, have been 

implicated in the breakdown of collagen and aggrecan, respectively [56]. The MMPs can be classified 

into subfamilies on the basis of structure and substrate selectivity. A convenient grouping is that of 

collagenases, stromelysins, gelatinases, and membrane-type MMPs (MT-MMPs). Of these enzymes, 

the collagenases (MMP-1, -8, and -13) are the most specific, since they alone are able to cleave native 

fibrillar collagens to yield fragments three-quarters and one-quarter the size of the original molecule 

[38,54-56]. Once the initial cleavage has been made in the collagen fibrils, the triple helix unwinds, 

rendering the resulting fragments excellent substrates for the gelatinases, MMPs -2 and -9. The 

stromelysins are characterized by a broad substrate specificity and broad optimum pH range [44]. The 

MT-MMPs contain a transmembrane C-terminal domain. It has been shown that MT1-MMP is capable 

of digesting fibrillar type collagens I, II, and III and other extracellular components [44].  

All the MMPs are synthesized as inactive proenzymes. Enzyme latency is maintained by ligation of a 

cysteine residue in the prodomain to the active-site Zn2+ ion. Activation occurs via destabilization of 

the Cys–Zn interaction, followed by a cleavage, resulting in the release of the prodomain [44,55] 

Traditionally, the theory regarding MMP activation in vivo postulates the attack of susceptible regions 

in the propeptide MMP domain by soluble or by a membrane-bond proteases. But many research 

showed that the MMP activation could be achieved in vitro by a wide variety of agents that share one 

common characteristic: thiol reactivity. Based on these observations, a new "cysteine-switch" 

hypothesis raised [53]. In this model, the zinc atom at the active site is coordinately bound to an 

unpaired cysteine thiol group located approximately at the 80th residue of the propeptide domain. 

Disruption of this interaction is believed as the critical step in initiating the process of MMP 
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auto-activation. Reactive oxygen species undergo facile reactions with thiol groups and may serve as a 

common mechanism of activation for several different MMPs [53] 

Another metalloproteases family termed ADAMTSs is also very importance in cartilage turnover [56]. 

It had been known for many years that in cartilage, aggrecan is cleaved by aggrecanases at five unique 

sites along the core protein after glutamic acid residues [56]. Recently, it was found several 

aggrecanases belongs to the ADAMTS family [56]. In vitro studies suggest that IL-1 can cause 

cartilage destruction by stimulating the release of matrix metalloproteinases, including aggrecanases 

and other degradative products [42]. 

The activity of MMP and ADAMTS is modulated by the some endogenous tissue inhibitors of MMPs 

(TIMPs), includes four molecules (TIMP-1, 2, 3 and 4). These molecules bind tightly to the active site 

of activated metalloproteases with a 1:1 stoichiometry and have Ki values of less than 10-9 M [2,38]. 

Recent studies showed that the mutated p53 gene is overexpressed in RA synovium, and the mutated 

p53 abolished the down-regulation of the promoter activity of hMMP-1 by wild-type p53 [54]. The 

phenomenon perhaps forms a link between the tumor like hyperplasia in RA synovium and the 

overexpression of MMPs [6,54].  

4.The effect of free radicals on hyaluronic acid (HA) structure [2,45-48]  

Another major components, proteoglycan aggregates, is composed of a noncovalent association 

between aggrecan, hyaluronic acid (HA), and link protein [44]. In addition of the involvement in the 

structure of articular cartilage, HA is also the principle component of synovial fluid, effecting gel 

formation and subsequent joint lubrication [2].  
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Figure 2. (a) The macroscopic representation of cartilage within a 
joint. The insect shows the component of cartilage consists of 
chondrocytes embedded in an extracellular matrix of aggrecan and 
collagen. (b) A schematic digram of proteoglycan aggreagate (the 
boxed area is enlarged to show detail). Core protein fragments 
bearing glycosaminoglycan chains arrange themselves laterally at 
regular intervals along the yaluronan backbone via noncovalent 
interaction with link protein.  

Figure 3. The 
hyaluronan acid. 

 

 

 

Many research has implicate the degradation of HA is essential in arthritis. Current, the degradation of 

hyaluronic acid is thought mainly caused by reactive oxygen species (ROS), such as HO·and 

HOCl/ClO - [2,46,48]. The ROS are thought to be released from the activated leucocytes and 

lymphatic cell during acute and chronic inflammation in vivo [46-48].  

HO·attacks on hyaluronic acid, related polymers and monomers has been studied by both direct, 

rapidflow EPR and EPR spin trapping. Evidence has been obtained, with the monomers, for essentially 

random hydrogen-atom abstraction at all the ring C--H bonds with glucuronic acid, and at all sites 

except the N-acetyl side chain and C(2) with N-acetylglucosamine. At both low pH (<4) and high pH 

(>4), acid- and base-catalysed rearrangement happened, respectively, result in the loss of these species. 

The rate of loss of these species is dependent on the substrate, with those derived from 

N-acetylglucosamine undergoing slower acid-catalysed rearrangement than the glucuronic 

acid-derived species. The base-catalysed process, which is believed to involve a radical-anion 
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intermediate, occurs rapidly at pH 7.4, and appears to be less substrate dependent. The base- and 

acid-catalysed rearrangements lead to strand-breakage and the fragmentation [47]. 

HOCl/ OCl - is believed to be important in the progression of rheumatoid arthritis [46,48]. The 

activated neutrophils can generate hypochlorous acid through the action of myeloperoxidase (MPO) 

[48]. MPO also has been found in the synovial fluid. The cationic enzyme was show binding strongly 

to the negatively charged HA, it is postulated could lead site-specific cleavage of the polymer [48].   

H2O2 + Cl − →MPO  HOCl + HO -                                                                (1) 

HOCl  OCl ↔ − + H +                                                                                (2) 

UV-visible experiments have shown that HOCl/ClO − reacts preferentially with N-acetyl groups. This 

reaction is believed to give rise to transient chloramide species, which decompose rapidly to 

nitrogen-centered radicals via either homolysis (to produce N·and Cl·) or heterolysis (one-electron 

reduction, to give N·and Cl -) of the N—Cl bond. Then the initial nitrogen-centered radicals are 

suggested to rapidly rearrange to carbon-centered radicals, bringing polymer fragmentation [48]. A 

Scheme is shown as follows. 

 
 
 
 
 
 
 
 
Scheme 1. An outline of the events 
that may occur on reaction of 
HOCl/ClO - with the 
N-acetylglucosamine [48]. 
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5.The interactions between free radicals and immune cells  

The Rheumatoid arthritis (RA) is an autoimmune disease. There are complex interactions between free 

radicalsand immune cells in RA [12]. Macrophages appear to play a pivotal role in RA [2,12,38]. They 

are numerous in the inflamed synovial membrane and at the cartilage-pannus junction. They show 

clear signs of activation, such as overexpression of major histocompatibility complex class II 

molecules, proinflammatory or regulatory cytokines and growth factors [eg. IL-1, IL-6, IL-10, IL-13, 

IL-15, IL-18, TNF)-α and granulocyte-macrophage colony-stimulating factor (GM-CSF)], chemokines 

and chemoattractants [eg IL-8, macrophage inflammatory protein (MIP)-1 and monocyte 

chemoattractant protein (MCP)-1], metalloproteinases and neopterin [38,53]. These molecules may 

contribute to inflammation and joint destruction both in the acute and chronic phases of RA [38].   

Research showed that under some conditions in vivo, macrophage foam cells produce superoxide, 

nitric oxide, and hydrogen peroxide [36, 53]. These reactive oxygens can modulate MMP-2 and 

-9 activity, either directly or via a derivative radical, ONOO . MMPs are secreted in a latent, zymogen 

form. This conformation of zymogens is maintained by the thiol interactions between cysteine residues 

with zinc atom present in the catalytic site. In vitro, MMP activation can occur when the prodomain is 

cleaved by other proteases or when the zinc-cysteine bond is interrupted [53]. ROS, from macrophages 

and some other sources, are known to react with thiol groups, so they could modulate the activity of 

MMPs. [53]. ONOO  has the ability to nitrate tyrosine residues of proteins [48]. Research results 

showed that ONOO  activates pro-MMP-2 by nitration of two tyrosine residues in this protein [48]. It 

is interesting to speculate that nitration of two tyrosine residues, present within a five amino acid 

stretch in the hinge region between the propeptide and active domains of pro-MMP-2, could assist in 

unfolding of the zymogen. Based on many previously published reports, it appears that macrophages 
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may be able to participate in MMP matrix degradation at several levels. These include: (a) inducing 

MMP expression in other cells (via secretion of cytokines); (b) producing MMPs; and (c) activating 

latent forms of secreted MMPs (via production of reactive oxygen species) [53]. 

The bloodstream neutrophils has enhanced production of superoxide ion and peroxynitrite, and it was 

suggested that NADPH oxidase together with NO synthase were the major sources of superoxide ion 

in RA neutrophils [36]. SOD and rutin (vitamin P) were found very efficient suppressors of oxygen 

radical overproduction by RA neutrophils [36]. In addition, activated neutrophils, can generate 

hypochlorous acid through the action of myeloperoxidase, seem capable of auto-activating their latent 

collagenase [48].The establishment of a chronic synovitis involves the traffic of circulating 

inflammatory cells into and through the synovial membrane, regulated by cell adhesion molecules, 

which are in turn regulated by pro-inflammatory cytokines. Manipulation of the expression of cell 

adhesion molecules can have a profound effect on the inflammatory process in RA [43].  

6.The interaction between free radicals and cytokines in RA 

The cytokines are important effectors in immune and inflammation reactions. Many pro-inflammatory 

cytokines, such as IL-1α/ß, TNFα, GM-CSF and IL-6, are produced by the RA synovial membrane, 

regardless of therapy [37-38]. There also appears to be a compensatory anti-inflammatory response in 

RA synovial membranes which includes the IL-1 receptor antagonist protein (IL-1Ra), p55 and p75 

soluble TNF receptors (sTNFr), IL-4, IL-10 and transforming growth factor-ß (TGFß) [37-38,43]. 

Now the new concept is that the proinflammatory cytokines were linked in a network with TNFα at its 

apex. This led to the hypothesis that TNFα was of major importance in rheumatoid arthritis and was a 

therapeutic target. This hypothesis has been successfully tested in animal models and these studies 
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have provided the rationale for clinical trials of anti-TNFα therapy in RA patients. Several clinical 

trials using a chimeric anti-TNFα antibody have shown marked clinical benefit, verifying the 

hypothesis that TNFα is of major importance in rheumatoid arthritis [38].  

Progressive loss of cartilage is the may lead to joint failure in RA patients. IL-1 and TNF-α have been 

shown implicated in loss of cartilage since they are present in excess in affected joints and are capable 

of degrading the cartilaginous matrix while inhibiting its synthesis. On the other hand, local growth 

factors produced by chondrocytes, such as transforming growth factor-β (TGF-β), can counteract the 

deleterious effects of IL-1 and TNF-α through stimulation of matrix synthesis and inhibition of 

metalloprotease expression [1-6]. ROS have an important role in the pathogenesis of RA and can be 

stimulated by proinflammatory cytokines. Hydrogen peroxide, superoxide and NO production is 

stimulated by cytokines such as IL-1, TNF-α and IFN-β in chondrocytes [38]. 

Some cytokines generally regarded as possessing immunoregulatory and anti- inflammation. These 

molecules include TGF-β, IL-4, IL-10, and IL-13 [38]. TGF-β is likely to be a key cytokine involved 

in repair and fibrosis in the joints. For example, while inhibiting production of metalloproteinases, 

TGF-β also stimulates the production of type I and type XI collagens. The modulation of different 

TGF-β isoforms and TGF-β receptors was found to be differentially controlled by NO and ROS [38-40]. 

In common with TGF-β, IL-4 also displays some immunoregulatory effects such as inhibition of 

LPS-induced IL-1, TNFα, PGE2, and 92-kDa gelatinase production in human monocytes [38]. IL-10 

also has profound anti-inflammatory and immune-regulatory effects. The inhibition of IL-10 activity 

using a neutralizing monoclonal antibody can enhance TNFα and IL-1 production. Conversely, 

addition of recombinant IL-10 to these cultures inhibited TNFα and IL-1 production by approximately 

50% [38]. IL-10 induces the production of the endogenous TNF inhibitors, i.e. soluble TNF receptors 
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from monocyte cultures, while also downregulating surface TNF receptor (TNF-R) expression (94). 

Thus, many of the properties of IL-10 are compatible with its being a major immunoregulator [38]. 

IL-4 was more potent in inhibition of IL-1, and additionally IL-4 induced the production of the native 

inhibitor of IL-1: IL-1ra, which has a role in maintaining a balance with IL-1 in the joint [38,42]. 

7.The effect of free radicals on transcription factors 

Many transcription factors are under ROS or free radicalsregulation. Among them, the NF-κB and 

AP-1 are especially important in RA. NF-κB controlled expression of numerous inflammatory 

molecules in synoviocytes and protected cells against tumor necrosis factor α (TNF α) and Fas ligand 

(FasL) cytotoxicity. In vivo suppression of NF-κB by either proteasomal inhibitors or intraarticular 

adenoviral gene transfer of super-repressor IκB profoundly enhanced apoptosis in the synovium of rats 

with SCW. This indicated that the activation of NF-κB protected the cells in the synovium against 

apoptosis and thus provided the potential link between inflammation and hyperplasia. Intraarticular 

administration of NF-kB decoys prevented the recurrence of SCW arthritis in treated joints. 

Unexpectedly, the severity of arthritis also was inhibited significantly in the untreated joints, indicating 

beneficial systemic effects of local suppression of NF-κB [35]. 

AP-1 is another important transcription factor. IL-1 is implicated in cartilage destruction in RA through 

promotion of MMPs production [38, 41]. Upregulation of collagenase gene expression by IL-1 is 

known to require the transactivators Fos and Jun. ROS have been suggested to act as intracellular 

signaling molecules mediating the biological effects of cytokines. One research demonstrated ROS 

production by IL-1-stimulated bovine chondrocytes and that neutralizing ROS activity by the potent 

antioxidant, N-acetylcysteine, or inhibiting endogenous ROS production by diphenyleneiodonium 
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(DPI), significantly attenuated IL-1 induced c-fos and collagenase gene expression. The inhibitory 

effect of DPI implicates enzymes such as NADPH oxidase in the endogenous production of ROS [41]. 

Chondrocytes were also found to produce nitric oxide (NO) upon IL-1 stimulation. That NO may 

mediate part of the inducing effects of IL-1 [41].  

8.The effect of free radicals on the cyclooxygenase 

Prostaglandins (PG) are a family of 20 carbon atom fatty acid compounds, which is synthesized in 

most tissues in the body [57]. Prostaglandins have important and diverse roles in inflammation. For 

example prostaglandin E1 is a potent vasodilator and can increase the intravenular pressure, thus 

promoting the protein leakage and increase the delivery the pro-inflammtory cells to the site of 

inflammation [57] Also there are evidences that prostaglandins can sensitize pain receptor in both the 

central and peripheral neurons [15]. Prostaglandins exert their potential biological function mainly 

through the biding of specific cell surface receptors [57]. In addition, some kinds of PG, such as PGJ2 

have been found to directly bind to some 

nuclear receptor and stimulate their function a

transcription factors [15].  

s 

soforms 

 

 

 

Figure 4. The arachidonic acid cascade [15].The 
Cyclooxygenase (COX) is the rate-limiting enzyme in 
prostaglandin (PG) biosynthesis. There are two i
of this enzyme: the constitutive form, COX-1 and 
inducible form, COX-2 [15].  
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The synthesis of PG can be divided into three phases as: (i) mobilization of the arachidonic acid from 

the activation of phospholipase A2
 (PLA2), (ii) conversion of the arachidonic acid to Prostaglandin 

endoperoxides, prostaglandin G2 and then prostaglandin H2, (iii) then the isomerization or reduction of 

prostaglandin H2 to various derivatives, depending on the downstream enzymatic machinery present in 

a particular cell type [24,57]. (Fig 4.) 

Cyclooxygenase-2 can be induced by various pathogenic stimuli, including proinflammatory cytokines, 

mitogens, bacteria and ROS [15]. Most of the stimuli are known associate with inflammation and 

Many anti-inflammation cytokines, such as IL-4, IL-10, will decrease induction of COX-2 [19]. The 

structure of the COX-1 and COX-2 are very similar, the activity of the both isoforms can be inhibit by 

aspirin and other nonsteroid anti-inflammtion drugs (NSAIDs). The inhibition by aspirin is due to the 

irreversible acetylation of the COX active sites [15,24]. In addition, there is a growing body of 

evidence to suggest that the nuclear factor-κB is involved in the regulation of COX-2 induction by 

various stimuli [22-24].  

ROS play an important role in inflammation as mediators of injury and potentially in signal 

transduction leading to gene expression. The ROS scavengers, such as DMSO inhibited IL-1β, TNFα 

induced COX-2 expression in rat mesangial cells. The NADPH oxidase stimulated COX-2 expression 

induced by TNFα. But several non-NADPH oxidase-dependent sources of ROS also exist, including 

mitochondrial electron transport and arachidonate metabolism [22] . So COX-2 is an oxidant 

stress-inducible gene. An important aspect of COX is its autoaccelerative reaction kinetics; so the ROS 

produced by inflammatory cells could lead to the deleterious amplification of PGs during 

inflammation [22].  In addition, it is recognized that there is molecular cross talk between the 

inflammatory mediators NO and PGs in RA [24].  

http://80-gateway1.ovid.com.proxy.lib.uiowa.edu/
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9.The sources of ROS and free radicals and the oxidative stress 

The sources of ROS and free radicalsinclude the neutrophil oxidative burst, Fenton reaction, a serious 

of peroxidases and many other sources. The enhanced production of superoxide ion and peroxynitrite 

by bloodstream neutrophils and of superoxide ion by monocytes from rheumatoid arthritis (RA) 

patients was registered. It was suggested that NADPH oxidase together with NO synthase were the 

major sources of superoxide ion in RA neutrophils, while in RA monocytes superoxide ion was 

produced by NADPH oxidase and mitochondria. Among the different free radicalsinhibitors studied 

(antioxidant enzymes, SOD and catalase; free radicalsscavengers, bioflavonoid rutin and mannitol; and 

the iron chelator desferrioxamine), SOD and rutin were the most efficient suppressors of oxygen 

radical overproduction by RA neutrophils, while mannitol and desferrioxamine were inactive. 

Iron-catalyzed hydroxyl radical formation was unimportant in RA leukocytes, which mainly produced 

superoxide ion. This difference between RA neutrophils and monocytes corresponded well to the 

difference in their NADPH oxidase activities It has already been shown that NO synthases are able to 

generate superoxide ion especially under L-arginine-depleted conditions. Thus, NO oxidase apparently 

participates in the production of superoxide ion by RA neutrophils together with NADPH oxidase. It 

was also found that NO synthase of RA neutrophils generated the enhanced amount of peroxynitrite. 

Mitochondrial superoxide production is another source of oxygen radicals in RA monocytes. In 

addition, the decrease in neutrophil SOD and some other antioxidant enzymes activity and the increase 

in the levels of "loose" iron in the plasmalemma of neutrophils and monocytes, were also observed. 

Thus, on the whole, both RA neutrophils and monocytes are under oxidative stress characterized by 

the overproduction of oxygen radicals and peroxynitrite [1-6, 36-38]. 
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10.Future directions of treatment of RA based on experiments. 

For patients of rheumatoid arthritis, the primary therapeutic objectives are the relief of joint pain and 

improvement in functional status. These goals take on urgency, because the potential for immobility 

places them at high risk for permanent loss of their independence. Once these patients become 

bed/chair-bound, medical complications will make recovery improbable [4]. Conventional treatments 

for RA, including nonsteroidal anti-inflammatory drugs (NSAIDs), disease-modifying antirheumatic 

drugs (DMARDs) and corticosteroids. However, such treatments are rarely, totally effective and some 

pharmacological therapies have the potential to cause side effects, such as gastro-intestinal bleeding 

and bone loss. [1-2]. As a result new therapies are on the way of research, including the inactivation of 

cytokines, Antioxidant, selective transduction inhibitor, selective COX-2 inhibitor, and TIMPs.  

10.1 Selective inhibition of COX-2 

The use of nonsteroidal anti-inflammatory drugs (NSAIDs) is achieved only with high dosages of 

these drugs. At the dosages, the toxicity associated with the chronic use is considerable, such as 

gastrointestinal (GI) bleeding and renal failure. This is mainly because of the inhibition of the COX-1 

[2,4]. So the design of selective inhibitors for COX-2 has been paid great attention.  

The first generation of selective COX-2 inhibitors came from animal models in which compounds 

were sought that were potent anti-inflammatory agents with minimal side effects on the stomach [15]. 

Nimesulide, etodolac, and meloxicam were discovered in this way. The selectivity ratios of inhibition 

for these COX-2 inhibitors ranged from 10- to 100-fold selectivity for COX-2. Large-scale clinical trial 

results of one of this group (meloxicam) clearly show that severe gastric damage is significantly less 

than that caused by nonselective NSAIDs [15]. 
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The newer compounds specifically designed by medicinal chemists as COX-2 inhibitors, such as 

SC58125 and L-745, are more selective, with several 100-fold selectivity for COX-2. Now the binding 

sites for the selective inhibitors in COX-2 have been described in detail and the three-dimensional 

structure of the enzyme protein clearly esta

ave 

ace. 

blished[15]. 

Figure 5. Chemical structures of some selective COX-2 inhibitors. (a) 
Etodolac; (b) Meloxicam; (c) Nimesulide; (d) NS398; (e) L-745,337; (f) 
DFU; (g) SC58125; (h) Celecoxib; (i) RS57067000 [15] 

 

10.2 Newly biologic agents blocking some cytokines  

Newly developed biologic agents such as TNF inhibitors 

and IL-1 receptor antagonists are very promising. But the 

long-term safety and efficacy of these new biologic agents 

has yet to be determined [2,38,42]. Monoclonal antibodies 

bind to their targets with high specificity and therefore h

excellent potential as therapeutic agents [8]. In RA, IL-1 

stimulates the release of degradative enzymes by synovial fibroblasts at the cartilage–pannus interf

IL-1 also activates chondrocytes to release these enzymes, which probably contributes to the cartilage 

destruction seen in RA at sites distant to the pannus [42]. Anti-IL-1 monoclonal antibodies 

significantly reduced cartilage destruction and bone erosion. In addition, anti-TNFα monoclonal 

antibody suppressed inflammation and produced rapid symptomatic improvement [8]. 

10.3 Treatment with anti-inflammation or regulatory cytokines 

In normal joints, the effects of many proinflammatory cytokines are balanced by a variety of 

anti-inflammatory cytokines and regulatory factors. For example Il-1 is counteracted byIL-1 receptor 
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antagonist (IL-1Ra), which is a natural receptor antagonist of IL-1 for receptors and, as a result, blocks 

the effects of IL-1. So treatment with anti-inflammation or regulatory cytokines is a useful direction in 

RA [38]. Adition of IL-1Ra reduced the synovial fibroblast-mediated destruction by up to 45%. In rat 

long bones, IL-1Ra has been shown to reduce IL-1-induced bone resorption and block formation of 

osteoclast-like cells in murine marrow cultures in response to IL-1 or ovariectomy. These studies 

demonstrate that blocking the effect of IL-1 by regulatory cytokines leads to a reduction in RA [42]. 

Treatment with IL-1Ra was associated with significant reductions in clinical score and in circulating 

levels of the cartilage turnover marker, cartilage oligomeric matrix protein. Notably, radiographic 

assessment showed that anti-IL-1 treatment abolished bone erosions of knee and ankle joints. 

Moreover, histopathologic assessment showed that anti-IL-1 almost completely prevented cellular 

infiltration, matrix proteoglycan depletion, and bone erosions. Finally, a marker of MMP-mediated 

aggrecan cleavage was almost absent in the cartilage of animals treated with anti-IL-1 [42].  

Anakinra is a recombinant human IL-1ra [38-46]. Anakinra is identical to the naturally occurring 

non-glycosylated form of IL-1Ra, with the exception of one N-terminal methionine. Monotherapy with 

anakinra was evaluated in a randomized, controlled, European multicentre study [42]. A total of 472, 

well-balanced patients with symptoms for 0.5–8 yr and typical features of active disease, were 

randomly assigned to receive anakinra 30, 75 or 150 mg or placebo once daily by injection for 24 

weeks. Usage of NSAIDs (82–89%) and corticosteroids (41–49%) was comparable among the 

treatment arms. After 24 weeks of treatment, anakinra provided significantly greater clinical 

improvement than placebo. A significantly higher percentage of patients in the anakinra 150 mg group 

than in the placebo group responded to treatment In addition, statistically significant improvements 
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relative to placebo were observed in each anakinra group for Health Assessment Questionnaire score 

(P=0.05), C-reactive protein (P=0.004) and ESR (P=0.0005) [42].  

10.4 The treatment based on certain kinds of cells. 

Based on several line of evidences, macrophage may be a good candidate target for treatment. The 

first is the correlation between radiological progression of joint destruction and degree of synovial 

macrophage infiltration. Second, the coincidence of therapeutic efficacy of conventional antirheumatic 

therapy with downregulation of functions of the mononuclear phagocyte system is in accord with the 

increasing knowledge of macrophage-specific effects of such drugs. Third, the efficacy of biological 

therapies directed at cytokines produced predominantly by macrophages has been demonstrated. 

Fourth, conventional or experimental drugs can be targeted at macrophages, including their subcellular 

compartments. The final factor in support of targeting monocytes/macrophages for treatment of RA is 

the differential activation of intracellular signal transduction pathways that underlie different 

macrophage effector functions, in conjunction with the availability of more specific inhibitors of key 

metabolic enzymes and/or particular signal transduction pathways. 

10.5 Control the ROS in RA patients 

Many research have indicated the enhanced ROS in many kinds of cell of RA [31,36,46]. At least in 

the articular cartilage, the antioxidants can protect the matrix from degradation. Natural non-toxic 

bioflavonoid rutin (vitamin P) inhibited oxygen radical overproduction in RA and therefore may be 

considered as a useful supporting pharmaceutical agent for the treatment of "free radical" pathologies 

[36,46]. The findings reported here suggest the potential efficacy of antioxidants in ameliorating 

inflammatory diseases not only to inhibit their direct effects, but also to aid in the suppression of 
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prostanoids when desirable [22], Another direction of control the ROS in the RA patients is that the 

use of antioxidant mimics, as the work of Miesel et al. the analogue of SOD can bring anti-arthritis 

and anti-inflammatory effect. And more importantly, this method may avoid the problem of short 

half-life and immunogenicity of SOD enzyme [31]. 

10.6 Other new methods  

Some (E-selectin and ICAM-1) but not all (P-selectin, VCAM-1, PECAM-1) cell adhesion molecules 

are modulated in patients who respond clinically to drug treatment. E-selectin and ICAM-1 may be 

important targets for the development of future drug treatments for rheumatoid arthritis, in addition, 

[43,54]. The activity of MMP and ADAMTS is modulated by the some endogenous tissue inhibitors of 

MMPs (TIMPs), These molecules bind tightly to the active site of activated metalloproteases with a 

1:1 stoichiometry and have Ki values of less than 10-9 M, so new products about TIMPs is very 

promising [2,38]. 

11. Summary 

Rheumatoid arthritis is a debilitating autoimmune disease, shown as joint inflammation, pain, swelling 

and lead to permanent joint damage. More than 40 million people suffer from the Rheumatoid arthritis. 

The etiology of RA is not fully understood. Free radicals, proteases cytokines and immune cells are all 

believed to play a role in the pathogenesis of arthritis. Currently, Several possible directions in 

treatment of RA are on the way. Among them the selective COX-2 inhibitor is most practical; but the 

anti-proinflammatory cytokines may be most promising.   

 



Zhen Gao                 Rheumatoid Arthritis                      22 

References 

1) Rennie KL, Hughes J, Lang R, Jebb SA. (2003) Nutritional management of rheumatoid arthritis: a review of the 
evidence. J Hum Nut Diet. 16: 97-109.  

 
2) Flugge LA, Miller-Deist LA, Petillo PA. (1999) Towards a molecular understanding of arthritis. Chem Bio. 6: 

R157-R166. 
 
3) Jang D, Murrell GAC. (1998) Nitric oxide in arthritis. Free radic Biol Med .24:1511-1519. 
 
4) Kerr LD. (2003) Inflammatory arthritis in the elderly. Mont Sinai J Med. 70: 23-26. 
 
5) Dröge W. (2002) Free radicals in the physiological control of cell function. Physiol Rev. 82: 47-95. 
 
6) Tak PP, Zvaifler NJ, Green DR, Firestein GS. (2000) Rheumatoid arthritis and p53: how oxidative stress might alter 

the course of inflammatory diseases. Immunol Today. 21: 78-82. 
 
7) Cutolo M. (1998) The roles of steroid hormones in arthritis. Rheumatology. 37: 597-599. 
 
8) Choy EH, Kingsley GH, Panayi GS. (1998) Monoclonal antibody therapy in rheumatoid arthritis. Rheumatology. 37: 

484-490. 
 
9) Rau R, Herborn G, Menninger H, Blechschmidt J. (1997) Comparison of intramuscular methotrexate and gold sodium 

thiomalate in the treatment of early erosive rheumatoid arthritis: 12 month data of a double-blind parallel study of 174 
patients. Rheumatology.  36: 345-352. 

 
10) Furst DE. (1997) The rational use of methotrexate in rheumatoid arthritis and other    rheumatic diseases. 

Rheumatology. 36: 1196-1204. 
 
11) Veihelmann A, Hofbauer A, Krombach F, Dorger M, Maier M, Refior HJ, Messmer K. (2002) Differential function of 

nitric oxide in murine antigen-induced arthritis. Rheumatology. 41: 509-517. 
 
12) Cernanec J, Guilak F, Weinberg JB, Pisetsky DS, Fermor B. (2002) Influence of hypoxia and reoxygenation on 

cytokine-induced production of proinflammatory mediators in articular cartilage. Arth Rheum. 46: 968-975. 
 
13) Rossi A, Cuzzocrea S, Mazzon E, Serraino I, Sarro AD, Dugo L, Felice MR, de Loo FAJD, Rosa MD, Musci G. et al. 

(2003) Regulation of prostaglandin generation in carrageenan-induced pleurisy by inducible nitric oxide synthase in 
knockout mice. Life Sci. 72: 1199-1208. 

 
14) Miyasaka N, Hirata Y. (1997) Nitric oxide and inflammatory arthritides. Life Sci. 61: 2073-2081. 
 
15) Vane JR, Bakhle YS, Botting RM. (1998) Cyclooxygenase 1 and 2. Annu Rev Pharmacol Toxicol. 38: 97-120. 
 
16) Fermor B, Haribabu B, Weinberg JB, Pisetsky DS, Guilak F. (2001) Mechanical stress and nitric oxide influence 

leukotriene production in cartilage. Biochem Biophys Res Commun. 285: 806-810. 

http://80-www.sciencedirect.com.proxy.lib.uiowa.edu/science?_ob=JournalURL&_cdi=6077&_auth=y&_acct=C000020939&_version=1&_urlVersion=0&_userid=440026&md5=957736ff0b6837aafd9c6b43a458fb94
http://www3.interscience.wiley.com/cgi-bin/jtoc?Type=DD&ID=92014005
http://80-www.sciencedirect.com.proxy.lib.uiowa.edu/science?_ob=JournalURL&_cdi=6713&_auth=y&_acct=C000020939&_version=1&_urlVersion=0&_userid=440026&md5=c33ce27bdf42d3fb086e5dbe0801a74d


Zhen Gao                 Rheumatoid Arthritis                      23 

17) Xia Y, Dawson VL, Dawson TM, Snyder SH, Zweier JL. (1996) Nitric oxide synthase generates superoxide and nitric 
oxide in arginine-depleted cells leading to peroxynitrite-mediated cellular injury. Proc Natl Acad Sci. 93: 6770-6774 

 
18) Fermor B, Weinberg JB, Pisetsky DS, Misukonis MA, Fink C, Guilak F. (2002) Induction of cyclooxygenase-2 by 

mechanical stress through a nitric oxide-regulated pathway. Ostearthritis Cart. 10: 792-798. 
 
19) Zamamiri-Davis F, Lu Y, Thompson JT, Prabhu KS, Reddy PV, Sordillo LM, Reddy CC. (2002) Nuclear factor-κB 

mediates over-expression of cyclooxygenase-2 during activation of RAW 264.7 macrophages in selenium deficiency. 
Free radic Biol Med. 32: 890-897. 

 
20) Adachi M, Ishii H. (2002) Mechanism of vitamin E inhibition of cyclooxygenase activity in macrophages from old 

mice: role of peroxynitrite. Free radic Biol Med. 32: 503-511. 
 

21) Abate A, Yang G, Dennery PA, Oberle S, Schröder H. (2000) Synergistic inhibition of cyclooxygenase-2 expression by 
vitamin E and aspirin. Free radic Biol Med. 29:1135-1142.   

 
22) Feng L, Xia Y. Garcia GE, Hwang D, Wilson CB. (1995) Involvement of Reactive Oxygen Intermediates in 

Cyclooxygenase-2 Expression Induced by Interleukin-1, Tumor Necrosis Factor-alpha, and Lipopolysaccharide. J Clin 
Invest. 95: 1669-1675. 

 
23) Rossi A, Kapahi P, Natoli G, Takahashi T, Chen Y, Karin M, Santoro MG. (2000) Anti-inflammatory cyclopentenone 

prostaglandins are direct inhibitors of IκB kinase. Nature. 403: 103 – 108. 
 
24) Clancy R, Varenika B, Huang W, Ballou L, Attur M, Amin AR, Abramson SB. (2000) Nitric oxide synthase/COX 

cross-talk: nitric oxide activates COX-1 but inhibits COX-2 derived prostaglandin production. J Immunol. 165: 
1582-1587. 

 
25) Szabó C, Virág L, Cuzzocrea S, Scott GS, Hake P, O'Connor MP, Zingarelli B, Salzman A, Kun E. (1998) Protection 

against peroxynitrite-induced fibroblast injury and arthritis development by inhibition of poly(ADP-ribose) synthase. 
Proc Natl Acad Sci. 95: 3867-3872. 

 
26) Mathy-Hartert M, Deby-Dupont GP, Reginster JYL, Ayache N, Pujol JP, Henrotin YE. (2002) Regulation by reactive 

oxygen species of interleukin-1β, nitric oxide and prostaglandin E2 production by human chondrocytes. Ostearthritis 
Cart. 10: 547-555. 

 
27) Hassan MQ, Hadi RA, Al-Rawi ZS, Padron VA, Stohs SJ. (2001) The glutathione defense system in the pathogenesis 

of rheumatoid arthritis. J Appl Toxicol. 21:69-73. 
 
28) Maurice MM, Nakamura H, Gringhuis S, Okamoto T, Yoshida S, Kullmann F, Lechner S, Voort EAMVD, Leow A, 

Versendaal J, Muller-Ladner U, Yodoi J, Tak PP, Breedveld FC, Verweij CL. (1999) Expression of the 
thioredoxin-thioredoxin reductase system in the inflamed joints of patients with rheumatoid arthritis. Arth Rheum. 11: 
2430-2439. 
 

29) Miesel R, Kurpisz M, Kröger H. (1996) Suppression of inflammatory arthritis by simultaneous inhibition of nitric xide 

http://80-www.sciencedirect.com.proxy.lib.uiowa.edu/science?_ob=JournalURL&_cdi=6979&_auth=y&_acct=C000020939&_version=1&_urlVersion=0&_userid=440026&md5=7fc74fcc0461e8c1609d3195fa5546de
http://80-www.sciencedirect.com.proxy.lib.uiowa.edu/science?_ob=JournalURL&_cdi=6979&_auth=y&_acct=C000020939&_version=1&_urlVersion=0&_userid=440026&md5=7fc74fcc0461e8c1609d3195fa5546de
http://www3.interscience.wiley.com/cgi-bin/jtoc?Type=DD&ID=92014005


Zhen Gao                 Rheumatoid Arthritis                      24 

synthase and NADPH oxidase. Free radic Biol Med. 20: 75-81. 
 
30) Li WQ, Dehnade F, Zafarullah M. (2000) Thiol Antioxidant, N-Acetylcysteine, Activates Extracellular 

Signal-Regulated Kinase Signaling Pathway in Articular Chondrocytes. Biochem Biophys Res Commun. 275: 789-794. 
 
31) Miesel R. Dietrich A. Brandl B. Ulbrich N. Kurpisz M. Kroger H. (1994) Suppression of arthritis by an active center 

analogue of Cu2Zn2-superoxide dismutase.  Rheumatol Int. 14: 119-126. 
 
32) Szabó C. (1996) DNA strand breakage and activation of Poly-ADP ribosyltransferase: A cytotoxic pathway triggered 

by peroxynitrite. Free radic Biol Med. 21: 855-869. 
 
33) Uesugi M, Hayashi T, Jasin HE. (1998) Covalent Cross-Linking of Immune Complexes by Oxygen Radicals and 

Nitrite. J Immunol. 161: 1422-1427. 
 
34) Kinne RW, Bräuer R, Stuhlmüller B, Palombo-Kinne E, Burmester GR. (2000) Macrophages in rheumatoid arthritis. 

Arthritis Res. 2: 189 202.    
 
35) Konttinen YT, Li TF, Hukkanen M, Ma J, Xu JW, Virtanen I. (2000) Fibroblast biology: Signals targeting the synovial 

fibroblast in arthritis. Arthritis Res. 2: 348-355. 
 
36) Ostrakhovitch EA, Afanas'ev IB. (2001) Oxidative stress in rheumatoid arthritis leukocytes: suppression by rutin and 

other antioxidants and chelators. Biochem Pharmcol. 62: 743-746. 
 
37) Ohshima S, Saeki Y, Mima T, Sasai M, Nishioka K, Nomura S, Kopf M, Katada Y, Tanaka T, Suemura M, Kishimoto T. 

(1998) Interleukin 6 plays a key role in the development of antigen-induced arthritis. Proc Natl Acad Sci. 95: 
8222-8226. 

 
38) Feldmann M, Brennan FM, Maini RN. (1996) Role of cytokines in rheumatoid arthritis. Annu Rev Immunol. 14: 

397-440. 
 
39) Presle N, Cipolletta C, Jouzeau JY, Abid A, Netter P, Terlain B. (1999) Cartilage protection by nitric oxide synthase 

inhibitors after intraarticular injection of interleukin-1  in rats. Arth Rheum. 10: 2094-2102. 
 
40) Ayache N, Boumediene K, Mathy-Hartert M, Reginster JY, Henrotin Y, Pujol JP. (2002) Expression of TGF-βs and 

their receptors is differentially modulated by reactive oxygen species and nitric oxide in human articular chondrocytes. 
Ostearthritis Cart. 10: 344-352. 

 
41) Yvonne YCL, Conquer JA, Grinstein S, Cruz TF. (1998) Interleukin-1β induction of c-fos and collagenase 

expression in articular chondrocytes: Involvement of reactive oxygen species. J Cell Biochem. 69: 19-29. 
 
42) Abramson SB, Amin A. (2002) Blocking the effects of IL-1 in rheumatoid arthritis protects bone and cartilage. 

Rheumatology. 41: 972-980. 
 
43) Smith MD, Slavotinek J, Au V, Weedon H, Parker A, Coleman M, Roberts-Thomson PJ, Ahern MJ (1999) Successful 

treatment of rheumatoid arthritis is associated with a reduction in synovial membrane cytokines and cell adhesion 

http://80-www.sciencedirect.com.proxy.lib.uiowa.edu/science?_ob=JournalURL&_cdi=6713&_auth=y&_acct=C000020939&_version=1&_urlVersion=0&_userid=440026&md5=c33ce27bdf42d3fb086e5dbe0801a74d
http://www3.interscience.wiley.com/cgi-bin/jtoc?Type=DD&ID=92014005
http://80-www.sciencedirect.com.proxy.lib.uiowa.edu/science?_ob=JournalURL&_cdi=6979&_auth=y&_acct=C000020939&_version=1&_urlVersion=0&_userid=440026&md5=7fc74fcc0461e8c1609d3195fa5546de
http://80-www.sciencedirect.com.proxy.lib.uiowa.edu/science?_ob=JournalURL&_cdi=6979&_auth=y&_acct=C000020939&_version=1&_urlVersion=0&_userid=440026&md5=7fc74fcc0461e8c1609d3195fa5546de


Zhen Gao                 Rheumatoid Arthritis                      25 

molecule expression. Rheumatology. 40: 965-977.  
44) Mort JS, Billington CJ. (2001) Articular cartilage and changes in arthritis: Matrix degradation. Arthritis Res. 3: 

337-341. 
 
45) Hashimoto S. Ochs R. Komiya S. Lotz M. (1998) Linkage of chondrocyte apoptosis and cartilage degradation 

inhuman osteoarthritis. Arth Rheum. 9: 1632-1638. 
 
46) Tiku ML. Gupta S. Deshmukh DR. (1999) Aggrecan degradation in chondrocytes is mediated by reactive oxygen 

specieis and protected by antioxidant. Free Rad Res. 30: 395-405. 
 
47) Hawkins CL, Davies MJ. (1996) Direct detection and identification of radicals generated during the hydroxyl 

radical-induced degradation of hyaluronic acid and related materials. Free radic Biol Med. 21: 275-290. 
 
48) Hawkins CL, Davies MJ. (1998) Degradation of Hyaluronic Acid, Poly- and Mono-Saccharides, and Model 

Compounds by Hypochlorite: Evidence for Radical Intermediates and Fragmentation. Free radic Biol Med. 24: 
1396-1410. 

 
49) Yin MJ, Yamamoto Y, Gaynor RB. (1998) The anti-inflammatory agents aspirin and salicylate inhibit the activity of I

κB kinase-β. Nature. 396: 77 – 80. 
 
50) Miagkov AV, Kovalenko DV, Brown CE, Didsbury JR, Cogswell JP, Stimpson SA, Baldwin AS, Makarov SS. (1998) 

NF-κB activation provides the potential link between inflammation and hyperplasia in the arthritic joint. Proc Natl 
Acad Sci. 95: 13859-13864. 

 
51) Carole KR, Andre-Patrick A. (2001) Selenium: A key element that controls NF-κB activation and IκBαhalf life. 

Biofactors. 14: 117-125 
 
52) Pierce JW, Schoenleber R, Jesmok G, Best J, Moore SA, Collins T, Gerritsen ME. (1997) Novel Inhibitors of 

Cytokine-induced I κ B α  Phosphorylation and Endothelial Cell Adhesion Molecule Expression Show 
Anti-inflammatory Effects in Vivo. J Biol Chem. 272: 21096 - 21103. 

 
53) Rajagopalan S, Meng XP, Ramasamy S, Harrison DG, Galis ZS. (1996) Reactive oxygen species produced by 

macrophage-derived foam cells regulate the Activity of vascular matrix metalloproteinases in vitro. implications for 
atherosclerotic plaque stability. J Clin Invest. 98: 2572-2579. 

 
54) Sun Y, Sun Y, Wenger L, Rutter JL, Brinckerhoff CE, Cheung HS (1999) p53 Down-regulates Human Matrix 

Metalloproteinase-1 (Collagenase-1) Gene Expression. J Biol Chem. 274: 11535 - 11540.  
 
55) Borghaei RC, Sullivan C, Mochan E. (1999) Identification of a Cytokine-induced Repressor of Interleukin-1 

Stimulated Expression of Stromelysin 1 (MMP-3). J Biol Chem. 274: 2126 – 2131. 
 
56) Hashimoto G, Aoki T, Nakamura H, Tanzawa K, Okada Y. (2001) Inhibition of ADAMTS4 (aggrecanase-1) by tissue 

inhibitors of metalloproteinases (TIMP-1, 2, 3 and 4). FEBS lett. 494:192-195. 
57) Mitchell JA, Larkin S, Willianms TJ. (1995) Ccyclooxygenase-2: regulation and relevance in inflammation. Biochem 

Pharmco. 50:1535-1542  

http://www3.interscience.wiley.com/cgi-bin/jtoc?Type=DD&ID=92014005

	HuSharon-paper-1.pdf
	Hydroxyl Radical
	Table of contents                                                                                                         Page number
	Chemical properties ………………….……………………………………………………..…… 3
	Radiolysis of water…………………………………………………………...……………..…… 4
	Abstract
	Introduction
	Chemical properties
	Radiolysis of water
	Detection
	References


	GaoZhen-peper5-arthritis.pdf
	Abbreviations:
	ADAMTS: a disintegrin and a metalloprotease with thrombospondin motifs; AP-1; activator protein 1; COX: cyclooxygenases; CVD: cardiovascular disease; DMARD: disease-modifying anti-rheumatic drug; DPI: diphenyleneiodonium; ECM: extracellular matrix; GM-CS
	
	
	Table of contents



	Abstract---------------------------------------------------------------------------------------------------------2  Introduction to the rheumatoid arthritis --------------------------------------------------------------------3          The pathogenesis o
	Abstract
	
	
	
	
	
	10.5 Control the ROS in RA patients

	10.6 Other new methods





	References




