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Role of Reactive Oxygen and Nitrogen Species 
in Etiopathogenesis of Rheumatoid Arthri t is 
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Abstrac t . Rheumatoid arthritis (RA) is a chronic disease affecting up to 3% of 
the population in most countries The causes of RA have not been completely 
elucidated This paper aims to review the role of reactive oxygen and nitrogen 
species in the etiopathogenesis of RA Reactive oxygen species (ROS), such as 
superoxide radical, hydrogen peroxide, hydroxyl radical and hypochlorous acid, as 
well as reactive nitrogen species (RNS), such as nitric oxide and peroxymtnte , 
contribute significantly to tissue injury in RA Several mechanisms are involved in 
the generation and action of ROS and RNS Superoxide radical, hydrogen peroxide 
and nitric oxide do not directly damage the majority of biological molecules They 
are however converted into the highly reactive hydroxyl radical, which reacts with 
almost all molecules in living cells The resulting chronic inflammation process can 
be reduced with antioxidant therapy To date, scavenging, preventive, and enzyme 
antioxidants are available The most important mode is scavenging of the hydroxyl 
radical and of hypochlorous acid Another important way is to inhibit production 
of RNS and ROS by neutrophils, monocytes, and macrophages The control of 
inflammation in arthritic patients by natural as well as synthetic antioxidants could 
become a relevant component of antirheumatic prevention and therapy 

K e y words : Rheumatoid arthritis — Reactive oxygen species — Nitric oxide — 
Antioxidants 

In troduc t ion 

Rheumatoid arthritis (RA) is a chronic destructive inflammatory disease targeting 
synovial membrane and extra-articular tissues Inflammatory infiltrates accumulate 
and persist in synovial membrane, and the clinical presentation of the syndrome is 
dominated by destruction of joint architecture (Weyand and Goronzy 1997) The 

Correspondence to Štefan Bezek, M V D , C Sc , Institute of Experimental Phar­
macology, Slovak Academy of Sciences, Dúbravská cesta 9, 842 16 Bratislava, Slovakia 
E-mail exf asbezflmc savba sk 



16 Bauerova and Bezek 

most feared consequences are significant levels of pain, functional disability, and 
rheumatoid organ involvement. 

The development of inflammatory reaction in RA is controlled by a number of 
cellular and molecular components. The adhesion of leukocytes to the endothelium 
and subsequent migration through the endothelium is a complex process involving 
many different molecules interacting sequentially. Leukocyte extravasation into the 
synovial tissue and fluid is an active process mediated by a number of cellular 
adhesion molecules. Leukocyte-endothelial adhesion is mediated by integrins and 
selectins on leukocytes, by members of the immunoglobulin superfamily, and by 
selectins on the endothelium (Halloran et al. 1996; Szekanec et al. 1996). The 
proinflammatory cytokines tumor necrosis factor a (TNF-a) and interleukin-1 (IL-
1) produced in large amounts by inflamed synovial membrane and participating 
in intercellular signalling play a pivotal role in the acute phase of RA. There is a 
correlation between the number of mononuclear phagocytes and the level of IL-1 
and TNF-a production (Bondeson 1997). 

The lack of sufficient knowledge concerning etiology and pathogenesis is obvi­
ously the major hampering factor for introducing efficient therapies in most chronic 
diseases in man, with RA being no exception. Most regimens used today have at 
best slowed down the progression of the underlying disease process. The presently 
available therapies fail to be curative. There is an obvious need for a completely new 
generation of therapies which would selectively target molecular events of patho­
genetic importance. There may also be several reasons for reconsidering the use 
of the currently available drugs that have been introduced on empirical grounds 
without insight into their mechanism of action. New approaches to therapy have 
been designed, which include earlier and more aggressive intervention, new drugs, 
and combination of drugs. They appear to provide adequate control of inflamma­
tion, so that long-term damage of RA might be prevented and considerable costs 
reduced (Klareskog et al. 1995). 

The paper aims to review the role of reactive oxygen species and reactive 
nitrogen species in the etiopathogenesis of rheumatoid arthritis. 

Reactive Oxygen Species 

The most important reactive oxygen species (ROS) implicated in inflammatory 
injuries to tissues are the superoxide radical 02~, hydrogen peroxide (H2O2 ), 
hydroxyl radical (*OH), and hypochlorous acid (HOCI). ROS may arise also in 
the inflamed joint by several mechanisms. Oxidants can be produced by activated 
macrophages in the synovial membrane, by chondrocytes, and by activated neu­
trophils in the synovial cavity. It has also been proposed that movement of an in­
flamed joint generates sufficient pressure to cause transient ischaemia of the super­
ficial membrane. In health the synovial cavity exhibits negative pressure, and when 
the joint is exercised, vascular patency is maintained, allowing for nutrition of the 
avascular cartilage. In rheumatoid synovitis, the cavity pressure is raised and upon 
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movement this pressure exceeds the capillary perfusion pressure, causing collapse 
of the blood vessels. This leads to the production of multiple episodes of "hypoxic-
reperfusion injury", generating reactive oxygen species (Mapp et al. 1995). ROS 
oxidize: (a) IgG, inducing rheumatoid factor production, (b) hyaluronan, leading 
to hyaluronan fragmentation products which may alter immune function, (c) lipids, 
generating aldehydes which are toxic and may alter T cell/macrophage interactions, 
(d) lipoproteins, leading to the production of monocyte chemotactic peptides. 

Elucidation of the precise role of ROS in rheumatoid arthritis is rather com­
plex since it is difficult to measure them in vivo. 02~, NO', H2O2 cannot damage 
most biological macromolecules directly, and it is widely thought that they exert 
deleterious effects by becoming converted into the highly reactive hydroxyl radi­
cal ("OH). "OH could be formed by at least three mechanisms (Kaur et al. 1996): 
(1) In the presence of "catalytic" iron ions, 02~ and H2O2 may be converted to 
"OH by the Haber-Weiss reaction. (2) The interaction of NO' and 02~ forms the 
cytotoxic product peroxynitrite (ONOO -). At physiological pH, ONOO~ converts 
to its protonated form - peroxynitrous acid, which decays to generate multiple 
toxic products, believed to include nitronium ion (NOj), nitrogen dioxide radical 
(N02) and a species resembling 'OH. (3) Activated neutrophils secrete the enzyme 
myeloperoxidase, which uses H2O2 produced from 02~ to generate the powerful an­
tibacterial agent hypochlorous acid, HOCI. In a pathway apparently independent 
of metal ions, HOCI reacts with 02~ to generate "OH. 

'OH may react at a diffusion controlled rate with almost all molecules in living 
cells. Oxidation of proteins, lipids, DNA, uric acid, polysaccharides has been shown 
to be increased in rheumatoid arthritis patients. In addition, H 2 0 2 dependent in-
activation of enzymes in cartilage may lead to inhibition of proteoglycan synthesis, 
so contributing to cartilage destruction in rheumatoid arthritis by interfering with 
the repair of proteolytic and oxidative damage (Kaur et al. 1996). 

Reactive Nitrogen Species 

Nitric oxide (NO') represents a key molecule in the inflammatory and degradative 
cascade of arthritis. NO' production is increased in inflammatory arthritis both 
in rodent models and humans. Enhanced NO' production was observed in vari­
ous compartments in vivo but inflammatory synovium and cartilage are the major 
source of nitric oxide (Miyasaka and Hirata 1997). NO' is a very small molecule 
synthesised from the amino acid L-arginine by a family of enzymes, the nitric oxide 
synthases. The activity of constitutive or inducible NO' synthase in the model of 
peritoneal macrophages cannot be regarded as a determinant of genetically con­
trolled disease inducibility and severity (Zidek et al. 1995). The small size of NO" 
and its unpaired electron make it a highly reactive and diffusible free radical. NO' 
can directly interact with metals (predominantly heme complexes) and radicals. 
Most of the damage to macromolecules is mediated through the reactive nitrogen 
dioxide N0 2 and peroxynitrite (ONOO~) (Wink et al. 1996). The inducible form 
of nitric oxide synthase is overproduced in osteoarthritis and rheumatoid arthritis. 
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The primary producer of NO' amongst the cells normally found in articular joint 
are chondrocytes (Manfield et al. 1996). NO" released from chondrocytes mediates 
several catabolic events associated with cartilage degradation, in particular acti­
vation of metalloprotease enzymes and suppression of proteoglycan synthesis. NO' 
plays an important role in the cascade of arthritis because it regulates the activity 
of the central enzyme in prostaglandin synthetic pathways, cyclooxygenase (COX). 
Once induced, nitric oxide synthase activity correlated with increased cyclooxyge­
nase activity in chondrocyte cultures and in conditioned media from osteoarthritic 
human cartilage. When nitric oxide synthase activity was inhibited, inhibition of 
cyclooxygenase activity was also observed. Exogenous NO' induced cyclooxygenase 
activity, while NO" scavengers inhibited its activity (Manfield et al. 1996). 

Another important radical reaction is that between superoxide and NO", yield­
ing peroxynitrite radical, which plays a role in the oxidation of biological macro­
molecules contributing to potential deleterious processes. Yet on the other hand, 
it is involved in the detoxication of superoxide, thus preventing damage normally 
associated with ROS (Wink et al. 1996). Peroxynitrite is a hydroperoxide, which is 
also an efficient peroxidase substrate and cyclooxygenase activator. Increased levels 
of the marker molecule for peroxynitrite, nitrotyrosine, were found in serum and 
synovial fluid samples from rheumatoid patients (Kaur and Halliwell 1994). 

Although there is general agreement that NO' is involved in inflammation, the 
literature is confusing, as both pro-inflammatory and anti-inflammatory properties 
have been ascribed to NO' (Stefanovic-Racic et al. 1993). Its anti-inflammatory 
effect may be accounted for by its ability to inhibit the synthesis of prostaglandin 
E2, thromboxane, and IL-6 (Stadler et al. 1993; Amin et al. 1997), and to sup­
press the production of superoxide by neutrophils through the direct action upon 
NADPH oxidase (Clancy et al. 1992). However some data indicate that enhanced 
NO" production is a consequence (and may thus be considered to be a disease-
modifying factor) rather than an etiologic principle of the disease (Tanaka et al. 
1996; Gilkeson et al. 1997). 

Antioxidants in the Management of Rheumatoid Arthritis 

In inflammation such as that in joints affected by rheumatoid arthritis or os­
teoarthritis, ROS are directly involved in tissue injuries and they indirectly facili­
tate tissue destruction by inactivating a-1-protease inhibitors that form a complex 
with elastase, a serine proteinase. ROS have been implicated in the damage of 
hyaluronic acid (HA), which is depolymerised, and synovial fluid loses its lubri­
cating properties, causing friction in the joint (Kataoka et al. 1997). Hyaluronan 
attacked by ROS, and especially by 'OH, yields several intermediates and endprod-
ucts found in increased concentrations in the synovial fluid and serum of rheumatic 
patients (Orviský et al. 1997). In terms of suppressing inflammation, it is therefore 
desirable to eliminate the ROS that are formed excessively at inflammatory sites 
(Kataoka et al. 1997). 
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Different types of antioxidants could be used to advantage in the management 
of rheumatoid arthritis. By a broad definition, an antioxidant is any substance tha t , 
when present at low concentrations compared with those of an oxidizable substrate, 
significantly delays or prevents oxidation of tha t substrate (Halliwell 1991). To date, 
scavenging, preventive, and enzyme antioxidants are classified according to their 
mode of action (Chappie 1997). The most important mode of affecting the oxida­
tive damage is scavenging of the hydroxyl radical and of hypochlorous acid. On 
considering the biological importance of scavenging of 'OH or HOCI by an anti­
inflammatory drug at a site of inflammation, one must also consider whether any 
radicals produced on oxidation of the drug might not themselves induce biological 
damage. Another important way in which antioxidants influence the oxidant dam­
age is by inhibiting production of RNS and ROS by neutrophils, monocytes, and 
macrophages (Halliwell et al. 1988). 

Endothelial cells, neutrophils, and macrophages have been shown to be capable 
of producing both NO' and 0 2 ~ . These findings are consistent with the hypothesis 
that peroxynitrite ( O N O O - ) , which is produced by the combination of N O ' and 
0 2 ~ , may be ultimately responsible for the pathophysiology previously at t r ibuted 
to NO ' alone. Thus, the ability to intercept and decompose O N O O " may represent 
a novel and critical point of therapeutic intervention (e.g. with Fe porphyrin cata­
lysts) in diseases associated with the overproduction of N O ' and 0 2

- (Salvemini 
et al. 1998). 

Endogenous NO' formation by inducible NO synthase is enhanced in adju­
vant arthritis. Further investigations in animal models and in clinical studies are 
needed to establish whether inhibition of N O ' synthesis may prove a new thera­
peutic approach in the t rea tment of inflammatory joint disease (Stichtenoth et al 
1994). The arginine-nitric oxide synthase pathways may be a novel therapeutic 
target in the prevention and management of arthritis (Manfield et al. 1996). Un­
derstanding the extent of N O ' involvement in chronic inflammation versus cartilage 
metabolism may help resolve the problem of whether NO synthase inhibition is ap­
propriate (Jang and Murell 1997). There is a need to introduce selective inhibitors 
of the inducible form of NO synthase, whose activity is preferentially expressed in 
rheumatoid arthritis (Stefanovic-Racic et al. 1993). 

Acknowledgements. This work was partially supported by the grant 2/6027/99 from 
VEGA 

References 

Amm A R , Attur M , Patel R N , Thakker G D , Marshall P J , Rediske J , Stuchin S 
A , Patel I R , Abramson S B (1997) Superinduction of cyclooxygenase-2 activity 
m human osteoarthritis-affected cartilage Influence of nitric oxide J Clin Invest 
99, 1231-1237 

Bondeson J (1997) The mechanisms of action of disease-modifying antirheumatic drugs 
A review with emphasis on macrophage signal transduction and the induction of 
proinflammatory cytokines Gen Pharmac 29, 127-150 

Chappie I L C (1997) Reactive oxygen species and antioxidants m inflammatory disease 
J Clin Penodontol 24, 287-296 



20 Bauerova and Bezek 

Clancy R M , Leszczynska-Piziak J , Abramson S B (1992) Nitric oxide, an endothelial 
cell relaxation factor, inhibits neutrophil superoxide anion production via a direct 
action on the NADPH oxidase J Clin Invest 90, 1116-1121 

Gilkeson G S , Mudgett J S , Seldm M F , Ruiz P , Alexander A A , Misukoms M A , 
Pisetsky D S , Weinberg J B (1997) Clinical and serologic manifestations of 
autoimmune disease m MRL-lpr/lpr mice lacking nitric oxide synthase type 2 J 
Exp Med 186, 365-373 

Halliwell B (1991) Reactive oxygen species in living systems Amer J Med 91, 14-19 
Halliwell B , Hoult J R , Blake Ď R (1988) Oxidants, inflammation, and anti-mflamma-

tory drugs FASEB J 2, 2867-2873 
Halloran M M , Szekanecz Z , Barqum N , Hames G K , Koch A E (1996) Cellular 

adhesion molecules in rat adjuvant arthritis Arthritis Rheum 39, 810-819 
Jang D , Murell G A C (1997) Nitric oxide in arthritis Free Radical Biol Med 24, 

1511-1519 
Kataoka M , Tonooka K , Ando T , Imai K , Aimoto T (1997) Hydroxyl radical scaveng­

ing activity of nonsteroidal antiinflammatory drugs Free Radical Res 27, 419-427 
Kaur H , Halliwell B (1994) Evidence for nitric oxide-mediated oxidative damage in 

chronic inflammation Nitrotyrosine in serum and synovial fluid from rheumatoid 
patients FEBS Lett 350, 9-12 

Kaur H , Edmonds S E , Blake D R , Halliwell B (1996) Hydroxyl radical generation 
by rheumatoid blood and knee joint synovial fluid Ann Rheum Dis 55,915-920 

Klareskog L , Ronnehd J , Holm G (1995) Immunopathogenesis and immunotherapy in 
rheumatoid arthritis an area in transition J Intern Med 238, 191-206 

Manfield L , Jang D , Murrell G A C (1996) Nitric oxide enhances cyclooxygenase 
activity in articular cartilage Inflamm Res 45, 254-258 

Mapp P I , Grootveld M C , Blake D R (1995) Hypoxia, oxidative stress and rheumatoid 
arthritis Brit Med Bull 51, 419-436 

Miyasaka N , Hirata Y (1997) Nitric oxide and inflammatory arthntides Life Sci 61, 
2073-2081 

Orviský E , Šoltés L , Stančíková M (1997) High-molecular-weight hyaluronan a valu­
able tool in testing the antioxidative activity of amphiphihc drugs stobadme and 
vinpocetine J Pharm Biomed Anal 16, 419-424 

Salvemini D , Wang Z -Q , Stern M K , Currie M , Miško T P (1998) Peroxynitrite 
decomposition catalysts Therapeutics for peroxymtnte-mediated pathology Proc 
Natl Acad Sci USA 95, 2659-2663 

Stadler J , Harbrecht B G , DiSilvio M , Curran R D , Jordan M L , Simmons R L , Bil-
har T R (1993) Endogenous nitric oxide inhibits the synthesis of cyclooxygenase 
products and interleukin-6 by rat Kupffer cells J Leukocyte Biol 53, 165-172 

Stefanovic-Racic M , Stadler J , Evans C H (1993) Nitric oxide and arthritis Arthritis 
Rheum 36, 1036-1044 

Stichtenoth D O , Gutzki F M , Tsikas D , Selve N , Bode-Boger S M , Boger R H , 
Frohhch J C (1994) Increased urinary nitrate excretion in rats with adjuvant 
arthritis Ann Rheum Dis 53, 547-549 

Szekanecz Z , Szegedi Gy, Koch A E (1996) Cellular adhesion molecules m rheumatoid 
arthritis Regulation by cytokines and possible clinical importance J Invest Med 
44, 124-135 

Tanaka Y , Otsuka T , Hotokebuchi T , Miyahara H , Nakashima H , Kuga S , Nemoto 
Y , Nnro H , Niho Y (1996) Effect of IL-10 on collagen-induced arthritis in mice 
Inflamm Res 45, 283-288 

Weyand C M , Goronzy J J (1997) The molecular basis of rheumatoid arthritis J Mol 
Med 75, 772-785 

Wink D A , Hanbauer I , Grisham M B , Laval F , Nims R W , Laval J , Cook J , Pacelh 
R , Liebmann J , Krishna M , Ford P C , Mitchell J B (1996) Chemical biology 
of nitric oxide Regulation and protective and toxic mechanisms Curr Topics Cell 
Reg 34, 159-187 

Zidek Z , Frankova D , Otova B (1995) Lack of causal relationship between mduci-
bihty/seventy of adjuvant arthritis in the rat and disease associated changes in 
production of nitric oxide by macrophages Ann Rheum Dis 54, 325-327 


