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Abstract Oxidative stress is suggested to be involved in
the pathogenesis of systemic sclerosis (SSc). The aim of
the present study was to clarify such a hypothesis by
determination of four different plasmatic parameters of
oxidative stress, and to define its role in the microvascular
damage, assessed by nailfold capillaroscopy (NC). Plasma
samples of 18 patients with SSc were analyzed. The
biomarkers measured were: total antioxidant capacity,
hydroperoxides (ROOHs), and sulfhydryl (SH) and car-
bonyl (CO) groups. Each patient had a detailed clinical
assessment and underwent an NC. The results showed
significantly increased ROOHs in SSc patients compared to
control group (5.02±0.24 vs 3.28±0.19 μmol/l; p<0.05).
Plasmatic levels of SH groups were significantly lower in
SSc (0.466±0.08 mmol/l) compared to control group
(0.542±0.04 mmol/l; p<0.002). Plasma levels of ROOHs
correlated with the capillaroscopy semiquantitative rating
scale score (p<0.05) and with the rating system for
avascular areas (p<0.03). The levels of CO groups
inversely correlated with modified Rodnan’s skin score
(p<0.039) and were lower in patients with pulmonary
fibrosis (p<0.045), while the levels of SH groups were

lower in those presenting gastrointestinal involvement
(p<0.029). The obtained data indicate augmented free
radical-mediated injury in SSc and also show correlations
among oxidative abnormalities, some clinical findings,
and signs of a more severe microvascular involvement.
These results give more evidence to the connection
between oxidative impairment and SSc.
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Introduction

Systemic sclerosis (SSc) is a generalized multisystem
disorder characterized by microvascular damage leading to
tissue fibrosis accompanied by severe complications. Its
etiology and pathogenesis have not been fully understood,
and it is believed that the causes are rather complex. The
vascular disease is one of the main aspects under
investigation, and it is well known that endothelial
abnormalities occur early and may drive the fibrotic disease
process; what initiates these abnormalities is not known [1].
Changes of the vascular system lead to a dysfunction of the
control of vascular tone, i.e., Raynaud’s phenomenon,
triggering a cascade of events in which there is increasing
evidence to suggest that oxidative stress (OS), mediated by
free radicals, is one of the major players [2, 3]. The way
reactive oxygen and nitrogen species (RONS) can con-
tribute to the pathogenesis of vascular disease is very
extensive. They may damage endothelial cells’ function
directly by chemical modification of macromolecules via
peroxidation of lipids and oxidation of proteins or by
activating various proinflammatory cytokines which further
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initiate cascades of processes leading to activation of
fibroblasts and immune cells.

In most SSc patients, Raynaud’s phenomenon is the first
symptom to occur, usually preceding the development of
the disease by months or even years. Provoking frequent
episodes of hypoxia reperfusion, it is able to induce the
production of RONS responsible for endothelial injury [4].
However, Raynaud’s phenomenon and related events are
not the only possible source of free radicals in the
microvasculature. Other factors include activated polymor-
phonuclears, which can produce high amounts of RONS
along with proteases and also inducible NO synthase,
which can generate pathological excess of NO [5, 6]. These
early events are often followed by small vessel structural
changes and ischemia. The birth of a vicious circle of
RONS generation along with related inflammatory process-
es leads to further endothelial damage, obliteration of
microvasculature, and fibrosis [2].

Among other possible concurrent factors, an abnormal
susceptibility to oxidative damage, mostly due to deterio-
rated antioxidant defense system, has been proposed in the
determinism of SSc vascular damage; thus, generated
RONS cannot be effectively scavenged due to alterations
in physiological antioxidant defenses. Moreover, the evi-
dence that RONS may directly alter DNA and proteins from
apoptotic cells and thus contribute to the development of
autoimmune responses gives further effort to the hypothesis
that free radicals might provide a link between the vascular
and immune abnormalities in SSc [4, 7].

The extent of free radical-mediated injury is reflected in
increased levels of different products of oxidative reactions.
Because RONS can attack all biological macromolecules,
there has been a wide range of assays determining various
OS parameters in vivo. The first sensitive targets for attacks
of RONS are unsaturated fatty acids of cells’ lipid
membranes, yielding many products including hydroper-
oxides (ROOHs); free radical-mediated oxidation of pro-
teins may similarly lead to many end-products, such as
carbonyl groups (CO) [8, 9].

To clinically evaluate the severity of microvascular
involvement in SSc, nailfold capillaroscopy (NC) proved
to be a noninvasive technique able to detect microcircula-
tory abnormalities that may have diagnostic and prognostic
value [10]. Specific NC features have been described in
SSc patients, and different patterns have been proposed to
better assess the microvascular damage [11].

The role of free radicals in the pathogenesis of SSc, and
their correlation with other features of the disease, is not
completely clarified. The objective of the present study
was to assess four different parameters reflecting OS status
changes in plasma samples of 18 SSc patients, to compare
them with healthy controls, evaluating the main clinical
and laboratory parameters involved in the disease expres-

sion, as well as the NC abnormalities, and to look for the
first time to possible connections among these features,
thereby help better clarifying the OS involvement in SSc
pathogenesis.

Materials and methods

Eighteen consecutive outpatients fulfilling the SSc criteria
proposed by the American College of Rheumatology [12]
were recruited from the Division of Rheumatology of Rome
University, giving their informed consent.

Patients had a detailed clinical assessment, and their
organ involvement was investigated. The severity of skin
thickening was determined using modified Rodnan’s skin
score [13]. Organ system involvement was defined as
previously described [14]. Antinuclear antibodies (ANA)
including anticentromere antibodies were detected by
indirect immunofluorescence (Bio-Rad, Redmond, WA,
USA). Antibodies against topoisomerase I (anti-Scl70)
were measured using an enzyme-linked immunosorbent
assay (Diamedix, Miami, FL, USA).

Nailfold capillaroscopy Each patient underwent NC, per-
formed according to the standard method [10] by the same
investigator (VR). Only capillaries in the distal row were
analyzed and scored, and fingers affected by recent local
trauma were not analyzed. The following morphological
parameters were considered, according to previous classi-
fications: presence of enlarged and giant capillaries,
hemorrhages, loss of capillaries (avascularity), disorganiza-
tion of the vascular array, ramified/bushy capillaries, and
sludge of blood [10, 15]. A semiquantitative rating scale
was adopted to score these changes, according to previous
studies [11]: score 0=no changes; 1=few=<4 alterations;
2=some=between 4 and 6 alterations; 3=frequent=>6
alterations per linear millimeter. The mean score for each
subject was obtained from analysis of all the fingers.

The rating system for avascular areas (avascularity of
the capillary bed) was classified as grade 0=normal=no
obvious avascular areas; grade 1=mild=one or two discrete
areas of vascular deletion; grade 2=moderate=more than
two discrete areas of vascular deletion; grade 3=severe=the
presence of large, confluent avascular areas [16].

Patients were distributed into a proper NC pattern, as
already reported [11]. The patterns were (a) “early” (few
giant capillaries, few hemorrhages, relatively preserved
capillary distribution, no evident loss of capillaries); (b)
“active” (frequent giant capillaries, frequent hemorrhages,
moderate loss of capillaries with some avascular areas, mild
disorganization of the capillary architecture, absent or some
ramified capillaries); (c) “late” (irregular enlargement of the
capillaries, few or absent giant capillaries, absence of
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hemorrhages, severe loss of capillaries with large avascular
areas, severe disorganization of the normal capillary array,
frequent ramified/bushy capillaries).

Samples The assays we employed to measure four different
oxidative stress parameters were a ferric reducing antiox-
idant power assay for total antioxidant capacity (TAC); a
ferrous ion oxidation assay measuring ROOHs, a marker of
lipid peroxidation; assays for determination of sulfhydryl
(SH) groups/thiols and CO groups, both reflecting oxida-
tion of proteins, performed by spectrophotometric methods,
as previously described [17, 18].

Venous blood was collected into sodium citrate-coated
tubes for ROOHs and TAC measurements or EDTA tubes
for the measurement of CO and SH groups. Plasma was
separated within 30 min, and samples were analyzed within
3 h of collection. The rest of plasma samples were divided
into aliquots and stored at −70°C within 1 h after collection
for later measurements. TAC, ROOHs, and SH groups were
measured in fresh samples, while CO groups were assessed
on the next day, according to previous report [18].

Controls consisted of 16 healthy volunteers with no
acute or chronic inflammatory disease and under no
medication.

Statistical analysis Statistical analysis was performed using
the program SigmaStat version 3.0 for Windows (SPSS,
Chicago, IL, USA). Categorical variables were analyzed by
χ2 test or Fisher’s exact test. All the differences were
expressed as mean±standard deviation. The significance of
the differences was determined using independent samples
t test. The significance of any correlation was determined
by Pearson’s correlation test. Values of p less than 0.05
were considered significant.

Results

The clinical, capillaroscopy, and laboratory data reported in
this study were obtained at the time the blood samples were
drawn. Summary of patients’ characteristics is shown in
Table 1.

A capillaroscopic score=3 was found in eight patients
(44%), and nine (50%) had an avascular areas score
>grade 1. The “early” NC pattern was observed in six
patients (33%), the “active” pattern was found in seven
patients (39%), and the “late” pattern in five cases (28%;
Figs. 1, 2, and 3).

In SSc patients, TAC, although higher, was not
significantly different from the control group (0.380±
0.08 mmol/l vs 0.326±0.07 mmol/l), while ROOH levels,
measured in 15 patients only, were significantly increased

(5.02±0.24 μmol/l vs 3.28±0.19 μmol/l; p<0.05). Besides,
plasma SH levels were decreased as compared with healthy
controls (0.466±0.08 mmol/l vs 0.542±0.04 mmol/l;
p<0.002), while the levels of CO groups in our patients
did not differ from the controls (2.27±0.83 nmol/mg of
proteins vs 2.11±0.83 nmol/mg of proteins) (Table 2).
These data have been partly described in our recent report
concerning different systemic rheumatic diseases, although
no clinical or microvascular aspect was investigated [19].

Table 1 The main clinical–demographic and laboratory parameters of
18 SSc patients

Parameters Value

Male/Female 4/14
Mean age (years; range) 60 (41–79)
Mean disease duration (years; range) 10 (1–39)
dSSc/lSSc (n) 7/11
Raynaud’s phenomenon (n/%) 18/100
Digital pitting scars (n/%) 5/28
Mean skin score (modified Rodnan’s; range) 10 (4–30)
Organ system involvement
Lung (n/%) 12/67
Isolated pulmonary hypertension (n/%) 1/6
Esophagus (n/%) 6/33
Joint (n/%) 9/50
Heart (n/%) 5/28
Mean ESR (mm/1 hr; range) 19 (4–62)
ANA +ve (n/%) 18/100
Antitopoisomerase I antibodies +ve (n/%) 4/22
Anticentromere antibodies +ve (n/%) 9/50
Antinucleolar antibodies +ve (n/%) 4/22
Pharmacological treatment
Vasodilators (n/%) 4/22
Low-dose steroids (<5 mg/daily prednisone; n/%) 7/39
Nonsteroidal anti-inflammatory drugs (n/%) 3/17
Immunosuppressive agents (n/%) 4/22
None (n/%) 7/39

Fig. 1 An NC “early” pattern in an SSc patient
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In our patients, plasma ROOH levels correlated with
the capillaroscopy semiquantitative rating scale score [11]
(p<0.05) and with the rating system for avascular areas
[19] (p<0.03).

The levels of CO groups inversely correlated with
modified Rodnan’s skin score (p<0.039; Fig. 4) and were
significantly lower in patients with pulmonary fibrosis
(p<0.045), while the levels of SH groups were signifi-
cantly lower in those presenting gastrointestinal involve-
ment (p<0.029).

Discussion

The present study investigated and confirmed that increased
OS occurs in SSc. In our 18 SSc patients, two of four
investigated parameters were found significantly different

from the control group. Namely, we found higher ROOHs
and lower SH groups suggesting that free radical-mediated
injury occurs in SSc. Elevated ROOHs also confirm
previously reported increase in lipid peroxidation, although
other studies evaluated different markers [3]. The decrease
in plasmatic thiols indicates oxidation of proteins, and a
similar reduction in SH groups has been also previously
reported [20]. However, this fact is not supported by our
CO group-evaluating assay where no significant difference
was found. Up to our knowledge, there is only one previous
study regarding CO values in SSc, which reports higher
values in these patients compared to controls [21].

Inconsistently with above mentioned findings implicat-
ing increased OS in SSc, TAC was not decreased, but even
higher compared to healthy controls. It goes also against the
assumption based on other authors’ studies describing
impairment in antioxidant defenses in SSc [3, 22]. A
hypothetical explanation of the resulted TAC may lie in
some unknown feedback mechanism being a response to
increased oxidative stress [23]. Likewise adaptation to
increased OS may induce an overproduction of antioxidant
enzymes and other endogenous molecules such as cerulo-
plasmin or glutathione to manage the rise of RONS [24].

Fig. 2 An NC “active” pattern in an SSc patient

Fig. 3 An NC “late” pattern in an SSc patient
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Fig. 4 Correlation between plasmatic levels of CO groups and
modified Rodnan’s skin score in patients with SSc

Table 2 Different plasmatic parameters of oxidative stress in SSc
patients and normal controls

Plasmatic parameters SSc NC p<

TAC (mmol/l) 0.380±0.08 0.326±0.07 n.s.
ROOHs (μmol/l) 5.02±0.24 3.28±0.19 0.05
SH groups (mmol/l) 0.466±0.08 0.542±0.04 0.002
CO groups
(nmol/mg of protein)

2.27±0.83 2.11±0.83 n.s.
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The antioxidant/chelating properties of these substances
may partly be able to keep the TAC higher.

More interestingly, the increase in ROOH levels in those
patients showing more severe NC changes, such as higher
capillaroscopic score and avascular areas score, suggests
that this OS parameter modifies along with the worsening
of the state of microvasculature, as assessed by NC.

No connection with plasma levels of TAC, SH, and CO
groups was found in this respect, though. Defective
oxidative function, in our patients, includes deterioration
of antioxidant defenses as defined by decreased TAC,
oxidation of proteins as assessed by reduced SH groups,
and also lipid peroxidation with elevated ROOHs. We
previously reported the same oxidative changes to be
present in other chronic diseases, such as rheumatoid
arthritis and psoriatic arthritis [19]; thus, disease specificity
is not clear, but these findings together support the
hypothesis that alterations in physiological antioxidant
defenses can generate reactive oxygen products within
differently inflamed tissues, provoking similar impairment
in different conditions [25].

Besides, we showed for the first time that some of the
evaluated OS parameters had interesting associations with
differently relevant clinical aspects of SSc, indicator of
disease severity, such as higher skin score and presence of
pulmonary fibrosis and gastrointestinal involvement. The
significant association of OS changes with a more severe
cutaneous and visceral involvement clearly supports the
role for oxidative damage in the determinism of some of the
disease features, leading to the hypothesis of a possible role
for free radical-mediated injury in the assessment of the
disease.

In conclusion, our data support previous findings on the
occurrence of OS in SSc, showing some differences
regarding the oxidative biomarkers hereby examined. The
significant correlation among the plasmatic levels of these
substances, some clinical findings, and the severity and
extent of the microvascular involvement in our patients,
shown by NC findings, further emphasizes the relationship
between oxidative impairment and SSc.

Finally, our findings also imply a possible benefit for
antioxidant treatment on the vascular architecture in SSc.
Future trials focused on patients in earlier stages, along with
improved study design, can clarify the real clinical effect of
antioxidant therapy.
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