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Abstract

Introduction: The aim of this study was to evaluate the relationship between oxidative stress and pulmonary
involvement and its severity in patients with systemic sclerosis (SSc).

Materials and Methods: 34 patients (30 female, 4 male) and 27 healthy volunteers (21 female, 6 male) were
included into the study. All patients fullfilled the American College of Rheumatology criteria for the diagnosis of SSc.

Oxidant-antioxidant enzymes malondialdehyde (MDA), Superoxide dismutase (SOD), catalase (CAT), glutathione
peroxidase (GSH-PX), xanthine oxidase (XO), and adenosine deaminase (ADA) enzyme activities were measured
by spectrophotometric methods.

Results: Plasma ADA levels was significantly higher in patients than the control group. On contrary, XO levels of
erythroctes were lower. Of 34 patients, 11 had no pulmonary involvement, 14 had mild to moderate and 9 had
severe-end stage pulmonary involvement. In patients with pulmonary involvement, plasma XO level was statistically
significantly lower but intraerythrocyte XO levels were higher (not statistically significant) than the patients without
pulmonary involvement. Severe-end stage group had significantly higher intraerythrocyte XO activity. In limited early
disease, intraerythrocyte SOD level was significantly lower than the other groups. Plasma MDA level was
significantly higher in limited early and diffuse early disease. Plasma MDA, GSH-PX and intraerythrocyte ADA levels
were negatively correlated with disease duration. Intraerythrocyte MDA level was positively correlated with
pulmonary arterial pressure.

Conclusions: This study may show that besides the role in the pathogenesis of systemic sclerosis, oxidative
stress may also play a role in the severity of the pulmonary involvement of the disease.

Keywords: Systemic sclerosis; Scleroderma; Oxidative

Pulmonary involvement

stress;

Introduction

Systemic sclerosis (SSc) is a connective tissue disease characterized
by fibrosis of the skin, blood vessels, skeletal muscles, and visceral
organs and associated with some immunological abnormalities and
vascular injury [1]. Collagen overproduction by activated stromal
fibroblasts, autoantibody production and acral vasospasm known as
Raynaud’s phenomenon are the hallmarks of the disease [2]. There are
two major subgroups: limited cutaneous SSc and diffuse cutaneous
SSc. The kidneys, esophagus, heart, and lungs are the most frequent
targets [3].

Under normal circumstances there is a balance between oxidant
agents and antioxidant defense mechanisms, and if this balance is
disturbed oxidative stress occurs. Reactive oxygen species (ROS) such
as superoxide anion radicals (O,”) are known as oxidant agents [4].
Malondialdehyde (MDA) as a lipid peroxidation end product is an

indicator of oxidative stress [5] Xanthine oxidase (XO) is an oxidant
enzyme catalyzing oxidation of hypoxanthine to xanthine and
xanthine to uric acid, and can produce O,~ during these reactions [6].
Superoxide dismutase (SOD) catalyzes the dismutation of O, to
hydrogen peroxide (H,0,), and catalase (CAT) and glutathione
peroxidase (GSH-Px) are the enzymes that catalyze the reduction of
H,0, to water. SOD, CAT, and GSH-Px are known as endogenous
antioxidant enzymes playing important role in antioxidant defense [7].
Adenosine deaminase is a key enzyme in the degradation of adenine
nucleotide [8].

Free radical mediated damage could be an important basis for the
SSc pathogenesis [9]. Oxidative stress is supposed to play a role on
endothelial injury at earlier stages of the disease [10]. Modifications of
the vascular system leads to loss of the control of vascular tone [11].
The oxygen free radical species can be generated during Raynaud’s
phenomenon that causes hypoxic/ischemic episodes, with consequent
lipid peroxidation and tissue damage [12]. Free radicals are harmfull to
cells, modifying cellular macromolecules including lipids, proteins,
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carbohydrates and nucleic acids [13]. Variation in prooxidant or
antioxidant genes may also be associated with SSc [14].

There is evidence of an association between oxidative stress and SSc
from several studies [15-27]. Lipid peroxidation products, which are
markers of oxidative stress were found at highest levels in patients with
interstitial lung disease and in patients with frequent ischemia/
reperfusion episodes [24]. Inflammation can play a predominant role
in the generation of reactive oxygen species. Tissue damage by
respiratory burst of polymorphonuclear leucocytes can occur
especially in lungs [26]. The oxygen free radicals are supposed to
contribute to the tissue damage occuring in diffuse lung diseases, a
heterogenous group of diseases with pulmonary fibrosis of various
degrees of severity [28]. Pulmonary involvement (interstitial lung
disease and pulmonary hypertension) and cardiac involvement are
major causes of death in SSc [29]. Therefore, the aim of this study was
to to measure levels of oxidant and antioxidant enzymes in patients
with Ssc, to evaluate possible contibution of oxidative stress to the
pathogenesis of SSc and pulmonary involvement and its severity.

Materials and Methods

This study was approved by the Ethics Committee, Ankara
University School of Medicine and was in accordance with the Helsinki
Declaration of 2002.

The study included 34 patients (30 female, 4 male) with systemic
sclerosis who were attended to Rheumatology Department for their
disease and 27 healthy volunteers (21 female, 6 male) as control group.
Patients with SSc fulfilled the American College of Rheumatology
criteria for the disease [30] and were classified as having either diffuse
or limited disease as described [31] Disease stages were defined as
suggested by Medsger and Steen [32]: early limited SSc, disease
duration <5 years; late limited SSc, disease duration > 5 years; early
diffuse SSc, disease duration<3 years; late diffuse SSc, disease duration
> 3 years. Patients with other chronic diseases like diabetes mellitus,
coronary artery disease, hypertension and hypercholesterolemia,
patients with primary lung diseases or systemic diseases which may
affect pulmonary functions were not included. Cigarette smoking was
not allowed. Patients were living in central Anatolia region of Turkey
and had similar socioeconomic status and dietary habits. Patients were
using a wide range of medications like corticosteroids,
antihypertensives (nifedipine), colchicine, prostaglandin agonists,
acetyl salicylic acid, oral iron preperations, biphosphonates,
elementary calcium and vitamin D and cyclophosphamide.

After giving the informed consent, blood samples were taken and
chest X-rays, electrocardiography, respiratory function tests and
carbon monoxide diffusion tests, high resolution computerized
tomography of the lung and Doppler echocardiography were
performed. Severity of pulmonary involvement was classified
according to Medsger et al. [33].

Fasting blood samples were obtained from the participants in
anticoagulated tubes (with EDTA), plasma and erythrocyte
hemolysates were obtained. MDA levels, and SOD, CAT, GSH-Px, XO
and ADA activities were measured in the erythrocyte hemolysates and
MDA levels, and GSH-PX and ADA activities were measured in the
plasma in order to establish oxidant/antioxidant status intracellularly
end extracellularly, respectively.

Malondialdehyde (MDA) levels were measured by the thiobarbituric
acid reactive substances method [34]. Xanthine oxidase activity was
determined by measuring uric acid formation from xanthine substrate
at 293 nm [35]. Glutathione peroxidase (GSH-Px) activity was
measured by following changes in NADPH absorbance at 340 nm [36].
Catalase (CAT) activity was determined by measuring decrease of
H,0, absorbance at 240 nm [37]. In the activity calculations (IU-
international unit), extinction coefficients of uric acid, H,O, and
NADPH were used for XO, CAT and GSH-Px, respectively. Superoxide
dismutase activity was measured by the method based on nitro blue
tetrazolium (NBT) reduction rate. One unit for SOD activity was
expressed as the enzyme protein amount causing 50% inhibition in the
NBT reduction rate [38]. Adenosine deaminase (ADA) activities were
measured by the method of Giusti [39].

Statistics

The statistical package for social sciences (SPSS) version 11.5 was
used for the statistical analysis. For the comparison of measured
variables, Student’s t test was used for parametric variables and Mann-
Whitney U test was used for nonparametric variables. For evaluation
of the data for disease severity, one-way variance analysis was used for
parametric variables and Kruskall-Wallis variance analysis was used
for nonparametric variables and Chi-square and Fisher’s exact tests
were used for counted variables to determine the significant differences
between the groups. Spearman’s Rank Correlation Coefficient was used
to compare the relationship between two continuous variables. Data
were expressed as arithmetic mean + SD for measured parameters and
expressed as frequency and percent for counted parameters. P values
<0.05 were considered as significant.

Results

The SSc patients and control group were age and sex matched (51.86
+ 12.19, 55.06 + 12.19 respectively). Of 34 patients, 30 were female
(88.2%) and 4 were male (11.8%). In the control group, 21 were female
(77.8%) and 6 were male (22.2%). Mean disease duration was 10.28 +
8.06 years. Of 34 patients, 17 patients had limited and 17 patients have
diffuse form of the disease. Some clinical and laboratory parameters of
the patients were shown on Table 1.

Patient features

Mean value * sd (min-max)

Age(year)

51.86 + 12.2(25-74)

Disease duration(year)

10.28 + 8.06 (1-34)

Hemoglobin(g/dl)

12.38 + 2.0 (5.4-15)

Leucocyte count (4500-11000)

6859.4 + 20.92.1 (4400-12800)
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C-reactive protein (0-3 mg/dl)

9.3+ 16.8 (0.4-98.5)

Erythrocyte sedimentation rate(0-20 mm/hr)

27.7 £ 26 (2-115)

Sex (Female/Male)

30/4 (%88.2 vs. %11.8)

Disease subsets

Limited disease

17 (%50)

Diffuse disease

17 (%50)

Autoantibody positivity

Anticardiolipin antibody(ACA)

9 (%26.47)

Anti-Scl 70

17 (%50)

Antinuclear antibody (when ACA ve Anti-Scl 70 were negative)

10 (%29.4)

SD: Standard Deviation

Table 1: Clinical and demographic features of 34 patients with systemic sclerosis.

Of 34 patients, 11 patients had no pulmonary involvement, 14
patients had mild to moderate and 9 patients had severe or end-stage
pulmonary involvement in accordance with Medsger classification
(Table 2).

Pulmonary involvement

Absent 11 (%32.35)

Mild-moderate 14 (%41.17)

Severe-end stage 9 (%26.47)

Pulmonary hypertension

Absent 28 (%82.3)

Present 6 (%17.64)

Forced vital capacity(%) 94.59 + 19.55 (43-130)

Diffusion capacity(DLCO)(%) 64.62 + 22.17 (22-110)

Pulmonary pressure(%) 20 + 10.57 (20-65)

High resolution computerised tomography

Normal 12
Active fibrosing alveolitis 18
Honeycomb appearance 4

Table 2: Pulmonary findings of 34 patients with systemic sclerosis.

Plasma ADA level was significantly higher in patients than the
control group (p<0.05). On contrary, XO level of erythrocytes were
lower in patients than the control groups (p<0.05) (Table 3).

Patients with pulmonary involvement had significantly lower
plasma XO level. Although it was not statistically significant, XO level

in erythrocytes was higher in patients with pulmonary involvement
than the patients without pulmonary involvement (Table 4).

Enzyme levels SSC patients | Control group | p
(n=34) (n=27)

a-Oxidant enzymes

MDA(e) (nmol/ml) 285.06 + 34.34 289.29 + 51.51 p>0.05

ADA(e) (mIU/ml) 202.11 £ 100.35 259.72 + 150.44 p>0.05

XO(e) (mIU/mI) 0.92 £ 0.57 1.2+045 p<0.05

MDA(p) (nmo/ml) 0.88 + 0.53 1.26+0.8 p>0.05

ADA(p) (mIU/ml) 21.39+26.5 15.58 + 6.3 p<0.05

XO(p) (mIU/mI) 0.14 £ 0.04 0.15+0.03 0.15 +

0.03

b-Antioxidant enzymes

CAT(e) (IU/ml) 49876.97 +| 48420.44 + 6594.89 p>0.05
7591.36

GSHPX(e) (IU/ml) 30.25+2.26 28.98 +7.25 p>0.05

SOD(e) (U/ml) 2300.7 + 520.31 2293.49 + 429.61 p>0.05

GSHPX(p) (1U/ml) 0.52 £ 0.03 0.52+0.18 p>0.05

MDA: Malondialdehyde; SOD: Superoxide Dismutase; CAT: Catalase; GSH-PX:
Glutathione Peroxidase; XO: Xanthin Oxidase; ADA: Adenosine Deaminase; E:
Erythrocyte; P: Plasma

Table 3: Comparison of oxidant-antioxidant enzyme activities
between SSc patients and the control group.

Enzyme levels Pulmonary involvement absent (n=11)

Pulmonary involvement present (n=23) p
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a-Oxidant enzymes
MDA(e) (nmol/ml) 274.88 + 35.65 287.71 £ 34.29 p>0.05
ADA(e) (mIU/ml) 256.53 + 69.84 187.27 £ 103.48 p>0.05
XO(e) (mIU/mI) 0.63 £0.42 0.99 £+ 0.59 p<0.05
MDA(p) (nmo/ml) 0.7 +0.53 0.92 +£0.53 p>0.05
ADA(p) (mIU/ml) 14.1+10.59 23.47 £29.39 p>0.05
XO(p) (mIU/mI) 0.16 £ 0.49 0.13+0.03 p<0.05
b-Antioxidant enzymes
CAT(e) (1U/ml) 52338 + 5467.99 49234.96 + 8029.18 p>0.05
GSHPX(e) (1U/ml) 29.64 + 1.08 30.40+2.48 p=0.06
SOD(e) (U/ml 2297.68 + 263.28 2301.52 + 575.82 p>0.05
GSHPX(p) (1U/ml) 0.53+0.02 0.51+0.03 p>0.05
MDA: Malondialdehyde; SOD: Superoxide Dismutase; CAT: Catalase; GSH-PX: Glutathione Peroxidase; XO: Xanthin Oxidase; ADA: Adenosine Deaminase; e:
erythrocyte; p:plasma

Table 4: Comparison of oxidant-antioxidant enzyme activities between SSc patients with pulmonary involvement.

In patients with severe or end stage pulmonary disease, XO level in
erythrocytes was significantly higher than the other groups (p<0.05)

(Table 5).
Enzyme levels No involvement (n=11) Mild-moderate (n=14) Severe-end stage (n=9) P
a-Oxidant enzymes
MDA(e) (nmol/ml) 274.88 + 35.65 289.76 + 37.46 284.52 + 30.59 p>0.05
ADA(e) (mlU/ml) 256.53 + 69.84 196.96 + 120.6 202.11 + 100.35 p>0.05
XO(e) (mlU/ml) 0.63 £ 0.42 0.79+0.5 1.3+0.62 p<0.05
MDA(p) (nmo/ml) 0.7 £0.53 0.88 +0.52 0.99 +0.58 p>0.05
ADA(p) (mIU/ml) 14.1 £ 10.59 17.12+£14.74 31.94+415 p>0.05
XO(p) (mIU/ml) 0.16 £ 0.49 0.13 £0.04 0.13 £0.02 p>0.05
b-Antioxidant enzymes
CAT(e) (IU/ml) 52338 + 5467.99 48521.14 + 9036.93 50345.33 + 6503.87 p>0.05
GSHPX(e) (1U/ml) 29.64 + 1.08 30.39+2.58 30.43 +2.46 p=0.06
SOD(e) (U/ml 2297.68 + 263.28 2379.52 + 308.7 2165.02 + 885.59 p>0.05
GSHPX(p) (IU/ml) 0.53 +0.02 0.52 +0.02 0.51+0.04 p>0.05
MDA: Malondialdehyde; SOD: Superoxide Dismutase; CAT: Catalase; GSH-PX: Glutathione Peroxidase; XO: Xanthin Oxidase; ADA: Adenosine Deaminase; e:
erythrocyte; p: plasma

Table 5: Comparison of oxidant-antioxidant enzyme activities of SSc patients with severity of pulmonary involvement.

9 patients have limited early disease, 8 had limited late disease, 3  than the other groups. Also, both in limited early and diffuse early
patients had diffuse early and 14 patients had diffuse late disease. In  disease, MDA level in plasma was significantly higher than the other
limited early disease, SOD level in erythrocytes was significantly lowers  groups (Table 6).
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Enzyme levels Limited early (n=9) Limited late (n=8) Diffuse early (n=3) Diffuse late (n=14) p
a-Oxidant enzymes
MDA(e) (nmol/ml) 293.4 +37.3 271.7+12.2 302.4+24.2 286.6 + 43 p>0.05
ADA(e) (mIU/ml) 254 +76.2 208.1+110.3 182.8 £ 115.4 186.9 £ 103 p>0.05
XO(e) (mIU/mI) 0.8+0.7 1+04 1+0.2 0.9+0.7 p>0.05
MDA(p) (nmol/ml) 14104 0.7+0.6 1.3+0.5 0.7+05 p<0.05
ADA(p) (mIU/ml) 18.8+16.6 17.6+9.8 11+29 27.4+37.9 p>0.05
XO(p) (mIU/mI) 0.1+0.01 0.15 £ 0.04 0.13£0.01 0.13+0.04 p>0.05
b-Antioxidant enzymes
CAT(e) (IU/ml) 46390 + 3223.8 52246.5 + 7666.7 53558 + 7193.9 48730.3 + 8389 p>0.05
GSHPX(e) (1U/ml) 09+2.1 298+14 302 304+238 p>0.05
SOD(e) (U/ml) 1628 + 1001.8 2335.2 +248.8 2443.4 £ 400 2453.5 + 336.8 p<0.05
GSHPX(p) (1U/ml) 0.5+0.02 0.5+0.03 0.6 +0.0 0.5+0.02 p>0.05
MDA: Malondialdehyde; SOD: Superoxide Dismutase; CAT: Catalase; GSH-PX: Glutathione Peroxidase; XO: Xanthine Oxidase; ADA: Adenosine Deaminase; e:
erythrocyte; p: plasma

Table 6: Oxidant-antioxidant enzyme activities in early and late disease.

Plasma MDA and GSH-PX levels and also ADA level in
erythrocytes were negatively correlated with disease duration
(r=-0.379, p=0.04; r=-0.356, p=0.05; r=-0.357, p=0.05 respectively).
MDA level of erythrocytes was positively correlated with pulmonary
arterial pressure (r=0.406, p=0.049).

Discussion

In this study, we have shown that oxidative stress may play a role in
the pathogenesis of systemic sclerosis and shows its effect mostly at
earlier stages of SSc and this effect decreases with time. Oxidative stress
may also play a role in pulmonary involvement and its severity.

Murrel et al have proposed that superoxide radical production by
way of xanthine oxidase reaction may play a role in pathogenesis of
SSc [40]. During ischemia, xanthine dehydrogenase is converted to
xanthine oxidase, and the substrates hypoxanthine and xanthine were
released with destruction of adenosine triphosphate. When oxygen is
supplied with reperfusion, superoxide radicals and hydrogen peroxide
appear [15]. Since endothelial cells lack catalase, which is an
antioxidant enzyme, they are susceptible to oxidative stress caused by
reactive oxygen species. As a result, endothelial cell damage, including
intimal proliferation and fibrous thickening of media occurs [19].
Increased xanthine oxidase activity in erythrocytes of SSc patients with
pulmonary involvement and in severe or end-stage pulmonary disease
demonstrates that oxidative injury is also associated with pulmonary
involvement and its severity. Positive correlation of intraerythrocyte
MDA levels, ‘which is a common biomarker for lipid peroxidation’
with pulmonary pressure also supports this.

The relationship between oxidative stress and worsening of
pulmonary functions was shown by some other studies [24,26,41-43].
In a study, increased lipid peroxidation in bronchoalveolar lavage fluid
of patients with SSc and fibrosing alveolitis was demonstrated [41]. In
another study, increased F2 isoprostane levels in lung tissue sections

and urine samples of patients with pulmonary hypertension were
shown [43]. Solans et al have shown that levels of lipid peroxidation
products were higher in SSc patients with interstitial lung disease and
concluded that free radical mediated damage may be involved in the
structural and functional pulmonary changes present in SSc [9].
Musellim and colleagues have demonstrated that oxidant burden was
increased in SSc patients with interstitial lung involvement. However,
they could not show any relation between oxidant-antioxidant levels
and severity of lung involvement [27].

Endothelial dysfunction is seen mostly at earlier stages of the
disease. Inflammatory cell activation is most prominent at earlier
stages of the disease when ischemic attacks are more frequent
[9,13,21]. In the present study, increases in plasma MDA levels in the
limited early and diffuse early disease, and decreases in
intraerythrocyte antioxidant enzyme SOD levels in the limited early
disease supports that endothelial dysfunction in SSc is an early event.
Also, oxidative stress may play an important role in initiation of the
vascular disease and much prominent in limited form of the disease.
Negative correlation of plasma MDA, GSH-PX levels and ADA levels
in erythrocytes with disease duration also demonstrates that oxidative
stress in SSc is an early event and may play a role in disease
pathogenesis.

Increases in plasma ADA levels are seen due to release of the
enzyme from activated T cells. ADA is a ubiquitous enzyme that plays
a role in purine metabolism where it deaminates adenosine to inosine.
Similar to the present study, Emerit et al also found increased ADA
levels in patients with SSc [15].

Changes in SOD activity was shown by some other studies. Morita
et al have shown increased SOD activity which was associated with
skin sclerosis and Raynaud’s phenomenon [44]. Emerit et al. and
Musellim et al. have not shown any difference between SOD levels of
SSc patients and the control group [15,27]. The conflicting results may
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be due to measurement of the enzyme at different stages of the disease.
Increased production of superoxide at early stages of SSc may be
followed by consumption of the enzyme. Also, decrease in antioxidant
defence mechanisms may have some contribution to disease
pathogenesis. The results may be affected by the drugs used by the
patients like corticosteroids or calcium-channel blockers or the small
sample size.

Since lipid peroxidation in SSc is much higher at early stages of the
disease and decreases with time, antioxidant treatment might be more
effective at early stages of the disease. Denton et al have shown that
treatment with probucol is useful in SSc for Raynaud’s phenomenon
and also reduces low density lipoprotein oxidation susceptibility [45].
Allanore et al have shown that dihydropyridines significantly
decreased oxidative stress in patients with SSc. They also demonstrated
that oxidative stress in SSc is consistent with the superoxide
overproduction by primed monocytes and this was decreased by
nifedipine treatment [46, 47].

The most important restriction of this study is the small sample size.
Also, the medications used by the patients may have antioxidant
properties. Further prospective studies with large number of patients
are necessary.

In conclusion, oxidative stress in SSc is an early event and may play
a role in disease pathogenesis. It may also have a role in severity of
pulmonary involvement. Antioxidant treatment could be more useful
at early stages of the disease when there is more intact tissue and it
should be started as early as possible.
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