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Abstract  
Systemic lupus Erythematosus is an autoimmune disease of unknown aetiology affecting 

multiple organ system. Reactive nitrogen and oxygen species are claimed to play a role in this disease. 

However, the potential of Nitrosative/Oxidative Stress to elicit an autoimmune, response remain till 

now largely unexplored in humans. This study was done to investigate the status and contribution of 

nitrosative/oxidative stress in Iraqi patients for systemic lupus erythematosus. Blood samples from 19 

patients with systemic lupus erythematosus and 19 age-and sex- matched apparently healthy controls 

were evaluated for serum levels of nitrosative/oxidative stress markers including nitric oxide, 

peroxynitrite and malondialdehyde. Nitric oxide levels were measured by spectrophetometric method 

depending on Griss method, while peroxynitrite levels were measured by spectrophetometric method 

based on peroxynitrite mediated nitration of phenol. Malondialdehyde levels were measured by the 

thiobarbitoric acid method. Serum nitric oxide levels were significantly elevated in SLE patients (mean 

+ SE 263.58 + 35.42 mol/L) as compared with healthy control (162.48 +10.42 mol/L). Peroxynitrite 

levels were also significantly elevated in a disease group (mean + SE 7.23 +0.92 mol/L) as compared 

to healthy control (4.47 + 0.38 mol/L). On the other hand, malondialdehyde levels were slightly 

elevated in SLE patient (mean + SE 4.53 + 0.22 nmol/ml) as compared to control group (4.32 + 

0.58nmol/ml). The study findings support an association between nitrosative/oxidative stress and SLE 

through elevated level of NO, peroxynitrite and MDA in the serum of SLE patients. 
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قٍاس مستىٌاث أوكسٍد الىتزٌك والبٍزوكسً واٌتزاث والمالىن داي الدهاٌد كعلاماث لفزط 

 ألجهاسيالىتزجت والأكسدة عىد المزضى العزاقٍٍه المصابٍه بداء الذئب الإحمزاري 
شٍماء مىذر محمد*

،1
 احمد أمٍه *     و   سٌىت سهٍز صبزي* أوعام،    

 و١ٍت اٌص١ذٌت ، جاِعت بغذاد ، بغذاد ، اٌعشاق  * فشع اٌعٍَٛ اٌّخخبش٠ت اٌغش٠ش٠ت ، 
 

 الخلاصة 
داء اٌزئب الإحّشاسٞ اٌجٙاصٞ ٘ٛ ِشض ِٕاعٟ ِغبباحٗ غ١ش ِعشٚفت ٠ٚص١ب اٌعذ٠ذ ِٓ أجٙضة اٌجغُ. ِغبباث حفاعلاث  

ٚاظحت ٌحذ ا٢ْ بالإٔغاْ.  ٟ غ١شإٌخشجت ٚالأوغذة ٠ظُٓ أْ حٍعب دٚساً فٟ ٘زا اٌّشض، ٌىٓ غش٠مت اعخثاسحٙا ٌٍجٙاص إٌّاعٟ اٌزاح

٘زٖ اٌذساعت أجُش٠ج ٌّعشفت حاٌت ِغبباث إٌخشجت ٚالأوغذة فٟ اٌّشظٝ اٌعشال١١ٓ اٌّصاب١ٓ بذاء اٌزئب الإحّشاسٞ اٌجٙاصٞ. ع١ٕاث 

١ىٛٔٛا ِٓ الأصحاء ظا٘ش٠اً اٌّخّاث١ٍٓ باٌعّش ٚاٌجٕظ ٌ 91ِش٠عاً بذاء اٌزئب الإحّشاسٞ اٌجٙاصٞ ٚوزٌه ِٓ  91اٌذَ عُحبج ِٓ 

ِجّٛعت اٌغ١طشة ِٓ الأصحاء، ٚرٌه ٌخم١١ُ حشو١ض علاِاث ِغبباث فشغ إٌخشجت ٚالأوغذة ٚاٌخٟ حشًّ أٚوغ١ذ إٌخش٠ه ٚاٌب١شٚوغٟ 

ٌمذ حُ ل١اط حشو١ض أٚوغ١ذ إٌخش٠ه باعخعّاي غش٠ك وشط باعخخذاَ ِم١اط اٌعٛء اٌط١فٟ ٚوزا حُ ل١اط اٞ اٌذ٘ا٠ذ. ٔا٠خشا٠ج ٚاٌّاٌْٛ د

ٔا٠خشا٠ج بطش٠مت ِم١اط اٌعٛء اٌط١فٟ اٌّعخّذة عٍٝ ٔخشجت اٌف١ٕٛي باٌب١شٚوغٟ ٔا٠خشا٠ج، أِا اٌّاٌْٛ داٞ اٌذ٘ا٠ذ فمذ حُ  اٌب١شٚوغٟ

ل١اعٗ بطش٠مت حاِط اٌثا٠ٛباسبج١ٛسن. إْ حشو١ض أٚوغ١ذ إٌخش٠ه فٟ ِصً اٌذَ ٌّشظٝ داء اٌزئب الاحّشاسٞ اٌجٙاصٞ لذ واْ 

ِا٠ىشِٚٛي/ٌخش( ِماسٔتً بّجّٛعت اٌغ١طشة ِٓ الأصحاء  6.58. + 62..87)ِع١اس اٌخطأ( +عذي ِشحفعاً اسحفاعاً ِع٠ٕٛاً )اٌّ

 + .١ِ3.8ىشِٚٛي/ٌخش(. حشو١ض اٌب١شٚوغٟ ١ٔخشا٠ج أ٠عاً واْ ِشحفعاً اسحفاعاً ِع٠ٕٛاً عٕذ ِجّٛعت اٌّشظٝ ) 94.58 + 978.52)

ِا٠ىشِٚٛي/ٌخش(. ِٓ ٔاح١ت أخشٜ، حشو١ض اٌّاٌْٛ  2..4 + 5.53ِا٠ىشِٚٛي/ٌخش( ِماسٔتً بّجّٛعت اٌغ١طشة ِٓ الأصحاء ) 4.18

ٔأِٛٛي/ًِ( ِماسٔتً بّجّٛعت  4.88 + .5.6داٞ اٌذ٘ا٠ذ واْ ِشحفعاً اسحفاعاً غف١فاً عٕذ ِشظٝ داء اٌزئب الاحّشاسٞ اٌجٙاصٞ )

جت ٚالأوغذة ِٚشض داء اٌزئب الاحّشاسٞ ٔأِٛٛي/ِٛي(. ٔخائج اٌذساعت ب١ٕج أْ ٕ٘ان علالت ب١ٓ فشغ إٌخش 4.62 + 8..5اٌغ١طشة )

 اٌجٙاصٞ ِٓ خلاي اسحفاع ِغخٜٛ أٚوغ١ذ إٌخش٠ه ٚاٌب١شٚوغٟ ٔا٠خشا٠ج ٚاٌّاٌْٛ داٞ اٌذ٘ا٠ذ فٟ ِصً اٌذَ ٌذٜ اٌّصاب١ٓ باٌّشض. 

 .ألجهاسي داء الذئب الإحمزاري،  البٍزوكسً واٌتزاث،  أوكسٍد الىتزٌكالكلماث المفتاحٍت : 
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Introduction 
Systemic lupus erythematosus 

(SLE) is an autoimmune disease of unknown 

aetiology affecting multiple organ system
(1)

. 

The most remarkable feature of SLE is 

autoantibody production, a function of the 

acquired immune response. However, an 

inappropriately active and sustained innate 

immune response is implicated in both the 

initiation and the pathogenic consequences of 

the autoantibody production in SLE
(2)

. An 

important part of the innate immune response 

is the production of reactive nitrogen species 

(RNS) and reactive oxygen species 

(ROS)
(3)

.Reactive nitrogen species include 

nitric oxide (NO) and peroxynitrite (ONOO
-
), 

while reactive oxygen species include 

superoxide (SO) and hydrogene peroxide 

(H2O2). Nitric oxide is a biological messenger 

mediating many important physiological 

functions but also pathological process. It 

plays a vital role in host defense and immunity 

by modulating inflammatory processes
(4)

.It's 

synthesized from L-arginine by both a 

constitutive NO synthase (cNOS) & inducible 

NO synthase (iNOS)
(5)

.The effect of NO 

production on the cellular processes largely 

depends on its concentration and the local 

presence of other free radicals. Lower 

concentrations of NO have direct effects on 

processes e.g. proliferation and cell survival, 

while high concentrations have indirect effect 

through both nitrosative stress by modifying 

proteins and oxidative stress by influencing the 

cytoplasmic redox balance through generation 

of ONOO
-
 following its reaction with SO

(6)
. 

Peroxynitrate can oxidize lipids such as those 

found in LDL or arachidonic acid
(7).

 

Peroxynitrate can also act as peroxide substrate 

for peroxidoses such as those found in 

cyclooxygenase 
(8)

 and finally ONOO
-
 can 

nitrate DNA 
(9)

. Nitric oxide dependent tissue 

injury has been implicated in a variety of 

rheumatic diseases, including SLE and 

rheumatoid arthritis (RA), and recent evidence 

suggests that NO contributes to T cell 

dysfunction in these autoimmune disease
(10)

 . 

In Murine model of SLE, NO production has 

shown to be increased with the progression of 

the disease and lead to glomerular, joint and 

dermal pathology
(2)

. On the other hand, 

pharmacological inhibition of iNOS in these 

models significantly reduced both NO and 

ROS production
(11)

. These findings suggest 

that iNOS activity and its products may 

contribute to the inflammatory lesions in 

SLE
(3)

. Like RNS, reactive oxygen species 

could play a significant role in a pathogenesis 

of SLE, in that, excessive generation of ROS 

(i.e.) super oxide anion (O2
-
) and/or hydroxyl 

radical (
-
OH) have the potential to initiate 

damage to lipids, proteins and DNA
(12,13)

. 

Lipid peroxidation (LP), an oxidative 

degeneration of poly unsaturated fatty acids 

leads to the formation of highly reactive 

aldehydes such as malondialdehyde (MDA) 

which can bind covalently to proteins resulting 

in their structural modifications and affecting 

biological function
(14)

. It was reported that high 

level of MDA in SLE patients indicates that 

ROS damage might play a role in SLE
(15)

.The 

potential for nitrosative/oxidative stress to 

elicite an autoimmune response or to 

contribute to SLE pathogenesis remains largely 

unexplored in humans. This study was 

undertaken to investigate the status of 

nitrosative/oxidative stress in patients with 

SLE.  

 

Patients and Methods  
Nineteen patients with SLE (17 

females, 2 males) age range (19-45) years who 

were attending the rheumatology consultation 

clinic of Baghdad Teaching Hospital, and 19 

apparently healthy controls (17 females, 2 

males) age range (21-46) years were included 

in the study after obtaining their informed 

consent. SLE was diagnosed on the basis of the 

revised criteria of the American College of 

Rheumatology (ACR)
(16)

. Exclusion criteria 

were pregnancy, the presence of active 

infection and the presence of cancer, since all 

can affect serum NO level. Ten ml blood 

samples were collected from all patients by 

vein puncture; 2 ml of each sample were 

transferred to EDTA (ethylene diamine 

tetraacetate) tube for erythrocyte sedimentation 

rate (ESR) determination according to the 

Westergreen method. The rest 8 ml were 

transferred to 10 ml sterile plane tube, allowed 

to clot for 30 min at room temperature and 

centrifuged at 3000 g for 5 min to obtain 

serum. Serum aliquots were divided into three 

1ml eppendroff's tubes for MDA, nitric oxide 

and peroxynitrite measurment. 

 

Estimation of Biochemical 
Analysis  
Determination of serum MDA level  

Malondialdehyde level was estimated 

as described by Hunter et al.
(17)

. To 0.5 ml of 

serum was added 0.5 ml of 35% trichloroacetic 

acid (TCA). After vortex-mixing, 0.5ml 

Tris/HCl buffer (50m M; pH 7.4) was added 

followed by further mixing and incubation at 

room temperature for 10 min. One ml of 

0.75% thiobarbituric acid (TBA) in 2M 

Na2SO4 was added and then the mixture was 

heated at 100
o
C for 45 min. after cooling, 1ml 

of 70% TCA was added, the mixture was 
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vortexed and then centrifuged at 950 xg for 10 

min. The absorbance of the supernatant was 

determined at 530 nm.Total TBA-reactive 

material were expressed as MDA, using a 

molar extinction coefficient for MDA of 

1.5×10
5
 cm

-1
 M

-1
. Determination of NO level 

is done by 2 steps:  

1. Deprotinization step: deprotinization of 

serum sample is done by addition of 6mg 

of zinc sulphate powder to 400l of serum 

(15 gm/L) followed by vortex and 

centrifugation, clear supernatant is taken 

and kept frozen at -18
o
C until nitric oxide 

estimation.  

2. Serum NO measurement step: 
measurement of serum NO was performed 

according to the method of Miranda et al. 

(2001). Deprotinized sample from step 1 

was thawed at room temperature, and 70l 

of supernatant was applied to a microtiter 

plate well, 70l vanadium chloride 

(8mg/ml) was added to each well for 

reduction of nitrate to nitrite and this was 

followed by addition of the Griss reagents 

[35l sulfanilamide (2%) and 35l N-(l-

Naphthyl) ethylendiamine dihydrochloride 

(NEDD) (0.1%)].  

After 30 min, incubation at 37
o
C, absorbance 

was read at 540 nm using ELISA reader. 

Concentration of NO in serum samples were 

determined from linear standard curve 

established by 0-200 mol/L sodium nitrite 
(18)

.  

 

Determination of peroxynitrite level  

Serum peroxynitrite level was 

determined according to the method described 

by Beckman et al. 
(19)

, cited by Van Uffelen et 

al. 
(20)

. In which the peroxynitrite mediated 

nitration of phenol was measured 

spectrophotometrically at 412 nm. In brief 

100l of serum was placed in glass test tube, to 

which 5mM phenol in 5M sodium phosphate 

buffer pH 7.4 was added to a final volume of 2 

ml, the resulting solution after mixing is then 

incubated for 2 hours and then 15 l of 0.1 M 

NaOH was added and the absorbance is read at 

412 nm.  

Statistical Analysis  
Data were translated into a 

computerized database structure. An expert 

statistical advice was sought for statistical 

analysis using SPSS version 12 computer 

software. Data in this study was presented as 

mean + standard error (mean + SE). student's t-

test was used to compare the group means. A 

Pvalue <0.05 was considered to be statistically 

significant.  

 

 

Results 
Table (1) shows the demographic 

characteristics of the subjects. There was no 

significant difference between the control and 

SLE patients regarding gender, age, weight 

and body mass index (BMI). Serum analysis 

showed significantly elevated levels of NO in 

the 19 patients with SLE mean + SE (263.58 + 

35.42 mol/L) compared with controls 

(162.48+10.42mol/L) Pvalue <0.05 serum 

level of peroxynitrite also were significantly 

elevated in the 19 SLE patients mean 

+SE(7.23+0.92mol/L) as compared with the 

controls (4.47+0.38mol/L), Pvalue <0.05. 

Lipid peroxidation measured as serum MDA 

levels were higher in patients with SLE mean 

+ SE (4.53 + 0.22 nmol/ml) as compared to 

healthy controls (4.35 + 0.58 nmol/ml). Yet, it 

failed to reach a level of significance. 

Erythrocyte sedimentation rate levels were 

significantly higher in SLE patients (71.00 + 

7.05 mm/hr) as compared with the control 

group (14.21 + 0.45mm/hr) P<0.05. Table (2) 

shows the level of NO, ONOO
-
, MDA and 

ESR in serum of patients with SLE and healthy 

controls.  

Table 1: Demographic data of the studied 

groups  
 

Characteristic SLE Controls 

Number  19 19 

Gender F/M 17/2 17/2 

Age  29 + 2.42 31 + 2.62 

Weight  67.63 + 2.82 70.37 + 2.71 

BMI 25.34 + 0.99 24.82 + 0.96 

Values were expressed as  mean + SD.  

 

Table 2 : Nitric oxide, peroxynitrite and 

malondialdehyde and erythrocyte 

sedimentation rates in serum of patients 

with systemic lupus erythematosus and 

healthy controls  
 

 
SLE 

patients 

Healthy 

controls 
P-value 

NO 

(mol/L) 
263.58+35.42 162.48+10.42 0.017* 

ONOO- 

(mol/L) 
7.23+0.92 4.47+0.38 0.025* 

MDA 

(nmol/ml) 
4.53+0.22 4.35+0.58 0.774 

ESR 

(mm/hr) 
71.00+7.05 14.21+1.57 0.000* 

NO: nitric oxide, ONOO
-
: peroxynitrite,  

MDA: malondialdehyde,  ESR: erythrocyte 

sedimentation rates 

Values were expressed as  mean + SD.  

 * P<0.05, students' t-test.  
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Discussion  
Systemic lupus erythematosus is a 

puzzling disease due to its multifactorial 

etiology including genetic, hormonal and 

environmental triggers, the molecular 

mechanisms underlying this systemic 

autoimmune response remain largely 

unknown
(15)

. In recent years, free radical 

mediated reactions have implicated 

considerable attention as the potential 

mechanism in the pathogenesis of SLE
(21)

. 

Studies using animal models of SLE also 

suggested an association between 

nitrosative/oxidative stress and autoimmunity 
(2,22,23)

. However, relevance of nitrosative / 

oxidative stress in the pathogenesis and 

progress of SLE in human is not fully 

understood. Our results present in this study 

show significantly elevated levels of NO as 

compared to healthy controls; this came in 

accordance with previous studies 

demonstrating higher level of NO in active 

SLE patients 
(3,24,25)

, also considerable 

evidence supports that NO production correlate 

with disease activity and damage in SLE
(3)

. On 

the other hand, this study also demonstrated 

significantly elevated level of ONOO
-
 in SLE 

groups as compared to healthy controls. It is 

also came in accordance with previous studies 

which suggest that overproduction of iNOS 

and increased production of ONOO
-
 may 

contribute to glomerular and vascular injury in 

SLE and other autoimmune 

diseases
(24,26,27)

.Thus these RNS could play an 

important role in the pathogenesis of SLE, in 

that the potential of NO in disease 

pathogenesis could lie largely to the extent of 

its production and generation of superoxide 

radical (O2
-
), leading to the formation of 

peroxynitrite which is a potent nitrating and 

oxidizing agent
(5)

. Peroxynitrite can react with 

tyrosin residues forming nitrotyrosine forming 

a neoepitopes on nucleophilic domain of self 

antigens 
(21,28)

.In addition ONOO
-
- mediated 

modifications of endogens proteins and DNA 

may enhance their immunogenicity leading to 

a break in the immune tolerance 
(21,29,30)

.Other 

important mechanism by which NO can play a 

central role in the pathogenesis of SLE is 

through its ability to regulate T-cell 

function
(10)

. Nitric oxide under physiological 

condition has been shown to regulate T-cell 

function, but overproduction of NO may 

contribute to T-cell dysfunction and result in 

NO-dependent tissue injury
(31,32)

.On the other 

hand and concerning Lipid peroxidation, this 

study shows slightly elevated level of MDA in 

serum of SLE as compared to healthy controls 

which came in agreement with earlier reports 

and confirming the presence of increased 

oxidative stress in SLE 
(33-36)

.Malondialdehyde 

is the most abundant aldehyde resulting from 

lipid peroxidation and high level of it indicates 

that ROS damage might play a role in SLE 
(36,37)

.These ROS can cause cross linking of 

proteins or could cause oxidative inactivation 

of certain enzymes causing functional 

impairment of cells and libration of 

cytoplasmic proteases
(38)

. They can also induce 

damages in DNA which results in new 

antigenic determinants and stimulation of anti 

DNA antibody formation and 

autoimmunity
(39,40)

.  

Conclusion  
The study findings support an 

association between nitrosative/oxidative stress 

and SLE through elevated level of NO, 

peroxynitrite and MDA in the serum of SLE 

patients which might have a role in the disease 

pathogenesis and progression, however, such 

suggestion  need future studies to confirm it.  

 

References  
1. C.Y. Ho, C.K. Wong, E.K. Li, L.S. Tam 

and C.W.K. Lam. Elevated plasma 

concentration of nitric oxide, soluble 

thrombomodulin and soluble vascular cell 

adhesion molecule-1 in patients with 

systemic lupus erythematosus. 

Rheumatology. 2003; 42: 117-122.  

2. Jim C. Oates. The biology of reactive 

intermediates in systemic lupus 

erythematosus. Autoimmunity, 2010, 

43(1): 56-63.  

3. Jim C. Oates, Stephanie R. Shaftman, 

Sally E. Self and Gary S. Gilkeson, 

Association of serum nitrate and nitrite 

levels with longitudinal assessments of 

disease activity and damage in systemic 

lupus erythematosus and lupus nephritis, 

Arthritis Rheum. 2008 January; 58(1): 

263-272.  

4. Farrel AJ, Blake DR.. Nitric oxide, Ann 

Rheum Dis. 1996; 55: 7-20.  

5. Griffith Ow, Stuehr DJ. Nitric oxide 

synthase properties and catalytic 

mechanism. Ann Rev Physiol, 1995; 57: 

707-36.  

6. Chung HT, Pae HO, Choi BM, Billiar TR, 

Kim YM. Nitric oxide as a bioregulator of 

apoptosis, Biochem Biophys Res 

Commun, 2001; 282: 1075-1079.  

7. Moore KP, Darley-Usmar V, Morrow J, 

Roberts LJ. II formation of F2-

isoprostanes during oxidation of human 

low-density lipoprotein and plasma 

peroxynitrite,Cir Res,1995;77(2):335-341.  

8. Goodwin DC, Landino LM, Marnett LJ. 

Reaction of prostaglandin endoperxide 

synthase with nitric oxide and 



Iraqi J Pharm Sci, Vol.21(1) 2012                            Markers for nitrosative/oxidative stress and SLE 

91 

 

peroxynitrite. Drug Metab Rev. 1999; 

31(1): 273-294.  

9. Ridnour LA, Thomas DD, Mancardi D, 

Espey MG, Miranda KM, Paolocii N, 

Feelisch M, Fukuto J, Wink DA. The 

chemistry of nitrosative stress unduced by 

nitric oxide and reactive nitrogen species. 

Putting perspective on stressful biological 

situation. Biol Chem, 2004; 385(1): 1-10.  

10. Gyorgy Nagy, Agnes Koncz, Tiffany 

Telarice David Fernandez, Barbara Ersek, 

Edit Buzas and Andras Perl. Central role 

of nitric oxide in the pathogenesis of 

rheumatoide arthritis and systemic lupus 

erythematosus. Arthritis Research & 

Therapy, 2010; 12: 210-215.  

11. Njoku CJ, Patrick KS, Ruiz P, Jr, Oates 

JC. Inducible nitric oxide synthase 

inhibitors reduce urinary markers of 

systemic oxidant stress in murine 

proliferative lupus nephritis. J Investig 

Med, 2005; 53: 347-52.  

12. Shacter E. Quantification and significance 

of protein oxidation in biological samples. 

Drug Metab Rev. 2000; 32: 307-326.  

13. Grimsrud PA, Xie H, Griffin TJ, Bernlohr 

DA. Oxidative stress and covalent 

modification of protein with bioactive 

aldehydes. J Biol Chem. 2008; 283: 

21837-21841.  

14. Gangdu Wang, Silvia S. Pierangeli, 

Elizabeth Papalardo, G.A.S Ansari, and 

M. Firoze Khan. Markers of oxidative and 

nitrosative stress in systemic lupus 

erythematosus: correlation with disease 

activity. Arithritis Rheum, 2010; 62(7): 

2064-2072.  

15. Zeinab Tosson, Sahar Al Mokadem, 

Enayat Attwa, Iman Nofal, Manal 

Mohamed El Sayed and Osama A. Gaber. 

The relation of malondialdehyde and 

superoxide dismutase to the pathogenesis 

of systemic lupus erythematosus and 

effect of antioxidants on the disease 

activity. Egyptian dermatology online 

Journal , 2006; (2): 10.  

16. Hochberg MC. For the diagnostic and 

therapeutic criteria committee of the 

American College of Rheumatology. 

Updating the American College of 

Rheumatology revised criteria for the 

classification of systemic lupus 

erythematosus [letter] Arithritis Rheum, 

1996; 40: 1725.  

17. Hunter MI, Nlemadim BC, Davisdon DL. 

Lipid peroxidation products and 

antioxidant proteins in plasma and 

cerebrospinal fluid from multiple sclerosis 

patients, Neurochem Res,1985;10: 1645-5. 

18. Mirenda KM, Espey MG, Wink DA. 

Rapid and simple spectrophotometric 

method for simultaneous detection of 

nitrate and nitrite. Nitric oxide, 2001; 5: 

62-71.  

19. Beckman JS, Ischiroponlos H, Zhu I, Van 

der Woerd M, Smith C, Chen J et al. 

Kinetics of superoxide dismutase and iron 

catasyzed nitration of phenolics by 

peroxynitrite. Arch Biochem Biophys, 

1992; 298: 438-445.  

20. Van Uffelen BE, Van der Zee J, de Kostes 

BM, Van Stereninck J, Elferink JG. 

Intracellular but not extracellular 

conversion of nitroxyl anion into nitric 

oxide leads to stimulation of human 

neutrophil migration, Biochem J, 1998; 

330: 719-722.  

21. Kurien BT, Hensley K, Bachmann M, 

Scofield RH. Oxidatively modified 

autoantigens in autoimmune disease. Free 

Radic Biol Med., 2006; 41: 549-556.  

22. Khan MF, Wu X, Ansari GA. Anti- 

malondialdehyde antibodies in MRL +/+ 

mice treated with trichloroethene and 

dichloroacetyl chloride: possible role of 

lipid peroxidation in autoimmunity. 

Toxicol Appl Pharmacol,2001;170: 88-92.  

23. Wang G, Wang J, Ma H, Khan MF. 

Increased nitration and carbonylation of 

protein in MRL+1+mice exposed tp 

trichloroethene: potential role of protein 

oxidation in autoimmunity. Toxical Appl 

Pharmacol, 2009; 237: 188-195.  

24. Belmont H.M., Levartousky D., Goel A., 

Amin A., Giorno R., Rediske J., Skovron 

M.L., Abramson S.B. Increased nitric 

oxide production accompanied by the up-

regulation of inducible nitric oxide 

synthase in vascular endothelium from 

patients with systemic lupus 

erythematosus. Arithritis and 

Rheumatism, 1997; 40(10): 1810-1816.  

25. Oates JC, Christensen EF, Reilly CM, Self 

SE, Gilkeson GS. Prospective measure of 

serum 3-nitrotyrosine levels in systemic 

lupus erythematosus: correlation with 

disease activity. Proc Assoc Am 

Physicians, 1999; 111(6): 611-621.  

26. Morgan PE, Sturgess AD, Davies MJ. 

Evidence for chronically elevated serum 

protein oxidation in systemic lupus 

erythematosus patients. Free radical Res, 

2009; 43: 117-127.  

27. Nagy G, Clark JM, Buzas EI, Gorman CL, 

Cope Ap. Nitric oxide, chronic 

inflammation and autoimmunity. Immunol 

Lett, 2007; 111: 1-5.  

28. Khan MF, Wu X., Kaphalia BS, Boor PJ, 

Ansari GA. Nitrotyrosine formation in 



Iraqi J Pharm Sci, Vol.21(1) 2012                            Markers for nitrosative/oxidative stress and SLE 

92 

 

splenic toxicity of aniline, Toxicology, 

2003; 194: 95-102.  

29. Habib S, Moinuddin, Ali R. Peroxtnitrite-

modified DNA: a better antigen for 

systemic lupus erythematosus anti-DNA 

autoantibodies. Biotech Appl Biochem, 

2006; 43: 65-70.  

30. Dixit K, Ali R. Role of nitric oxide 

modified DNA in the etiopathogenesis of 

systemic lupus erythematosus. Lupus, 

2004; 13(2): 95-100.  

31. Nagy G, Konez A, Philips PE, Perl A. 

Mitochondrial signal transduction 

abnormalities in systemic lupus 

erythematosus. Curr Immunol Rev, 2005; 

1: 61-67.  

32. Perl A, Fernandez DR, Telarico T, 

Doherty E, Francis L, Phillis PG. T-cell 

and B-cell signaling biomarkers and 

treatement targets in lupus. Curr Opin 

Rheumatol, 2009; 21: 454-464.  

33. Seyithan Taysi, Mustafa Gul, Refik Ali 

Sari, Fatih Akcay and Nuri Bakan. Serum 

oxidant/antioxidant status of patients with 

systemic lupus erythematosus. Clin Chem 

Lab Med, 2002; 40(7): 684-688.  

34. Mohan IK, Das UN. Oxidant stress anti-

oxidants and essential fatty acids in 

systemic lupus erythematosus. 

Prostaglandius Leukot Essent Fatty Acids, 

1997; 56: 193-8.  

35. Turi S, Nemeth I, Torkos A, Saghy L, 

Varga I, Matkovics B, et al. Oxidative 

stress and antioxidant defense mechanism 

in golmerular disease, Free Radic Biol 

Med, 1997; 22: 161-8.  

36. Kurien BT, Scofield RH. Free radical 

mediated peroxidative damage in systemic 

lupus erythematosus. Life Sci, 2003; 

73(13): 1655.  

37. Ahsan H, Ali A, Ali R. Oxygen free 

radicals and systemic autoimmunity. Clin 

Exp Immunol, 2003; 131(3): 398.  

38. Bauer V, Bauer F. Reactive oxygen 

species as mediators of tissue protection 

and injury. Gen Physiol Biophys, 1999; 

18: 7.  

39. Du J, Gebicki JK. DNA degradation and 

protein peroxidation in cells exposed to 

hydroxyl free radicals. Redox Rep, 2002; 

7(5): 329.  

40. Sies H. Impaired endothelial and smooth 

muscle cell function in oxidative stress. 

Exp Physiol, 1997; 82: 291.  

 


