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Distinct profiles of systemic biomarkers of oxidative stress
in chronic human pathologies: Cardiovascular, psychiatric,
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ABSTRACT

Oxidative stress is involved in chronic and acute pa-
thologies: cardiovascular, neurodegenerative, neoplas-
tic, inflammatory and infectious diseases. Clinical
trials focused on prevention of cardiovascular and
neoplastic diseases involving antioxidant supplemen-
tation have however provided predominantly nega-
tive obserations in large-scale studies. Screening of
patient cohorts to assess baseline oxidative stress on

the basis of a biomarker profile is decisive but lacking.

For the first time, we evaluated the level of oxidative
stress, testing more than 10 established biomarkers,
in a comprehensive initial survey of 617 patients dis-
playing chronic human pathologies. Multiple disease-
specific abnormalities were identified in plasma, whole
blood and/or urine. This is the case for vitamins and
oligo elements, vitamin C, vitamin E, f-carotene, se-
lenium, zinc and copper; endogenous antioxidants such
as reduced and oxidised glutathione, thiols, urate, and
glutathione peroxidase activity, and a biomarker of
oxidative DNA damage (8-hydroxy-2’-deoxyguanosine).
The distinct biomarker profiles suggest the involv-
ment of multiple forms of oxidative insults which are
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in some way partially specific to each pathological
condition. This finding is in favor of the determina-
tion of an integrated score to combine contributions
of distinct biomarkers, in order to screen patients
presenting elevated levels of oxidative stress.
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1. INTRODUCTION

It is well established that oxidative stress is involved in a
spectrum of acute and chronic pathologies, including
cardiovascular, neurodegenerative, inflammatory, neo-
plasmic and infectious diseases [1-4]. Moreover, oxida-
tive stress plays a key role in aging [5]. Adverse effects
of oxidative stress on human health are induced by free
radical damages to a wide spectrum of biomolecules: this
includes proteins, lipids and nucleic acids. The insults
lead to oxidative modifications with concomitant func-
tional defects. Biomolecules are protected from oxidative
decays through the action of multiple antioxidative sys-
tems: those of exogenous origin, primarily provided
through dietary intake, and those of endogenous origine,
originating from the red ox regulation metabolism [1].
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Levels of oxidative stress can be assessed by bio-
markers. Three major groups can be defined: exogenous
antioxidants (e.g. vitamin C, vitamin E, carotenoids), en-
dogenous antioxidants (e.g. glutathione, thiols, uric acid),
and biomarkers of oxidative damage (protein, lipid and
nucleic acid oxidation products) [6-8]. Multiple forms of
oxidative insults may exist in vivo, depending upon func-
tional relationships between major oxidative species such
as one- or two-electron reactive oxygen, nitrogen and
chlorine derivatives. Distinct profiles of oxidative modi-
fication, and in turn, of oxidative stress biomarkers are
then observed. Systemic biomarkers of oxidative stress
can be observed in blood, plasma and/or urine as the re-
sults of an imbalance between pro and anti-oxidants. The
diversity of oxidative species implies that the choice of
biomarkers, which can be universally applied to charac-
terise systemic oxidative stress in living organisms, con-
stitutes a major challenge. Indeed, pioneering compre-
hensive comparative studies addressing this issue have
recently been initiated in an animal model of oxidative
stress by the US National Institute of Environmental
Health Sciences [9,10].

So far, analyses of oxidative stress biomarkers have
primarily focused on specific diseases, notably of car-
diovascular, neurodegenerative and inflammatory origin.
Screening of subjects at high risk to assess oxidative
stress on the basis of a profile of biomarkers appears
however to be of relevance: especially as recent large-
scale studies of the potential relationships between anti-
oxidant supplementations and incidence of cardiovascu-
lar disease and cancer have been poorly significant. In-
deed, the lack of efficiency of dietary supplementation
with vitamin E, vitamin C or other antioxidants to reduce
risk of cardiovascular disease and cancer has repeatedly
been proposed without knowing the baseline values
[11-13]. The absence of such data have resulted in anti-
oxidant supplementations in subjects whose levels of
oxidative stress were within the normal range. In order to
compare systemic biomarker profiles of oxidative stress
across a range of chronic human pathologies, several
established biomarkers of oxidative stress, were evalu-
ated in plasma, whole blood and/or urine. Endogenous
antioxidants i.e. reduced and oxidised glutathione, thiols,
urate, activity of glutathione peroxidase (GPx) and a
biomarker of oxidative damage (8-hydroxy-2’-deoxy-
guanosine (8-OHdG) have been measured. Common exo-
genously-supplied substances (vitamin C, vitamin E, f-

carotene, selenium, zinc, copper) have been also assessed.

Distinct profiles of biomarkers of oxidative stress were
identified in these diseases, suggesting the involvement
of multiple forms of oxidative insults roughly specific to
each pathologies.

2. MATERIAL AND METHODS

Patients: Subjects were recruited at the Clinical Center
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for Oxidative Stress (Paris, France) over the period from
2002 to 2005. The type of study does not request an ap-
proval of any ethical comittee but the patients had to sign
a informed consent form. Profiles of biomarkers of oxi-
dative stress were determined in plasmas from 617 sub-
jects (195 males, 422 females) who decided to visit the
hospital center to establish their profiles. Clinical and
biological parameters were equally measured in each
subject. The majority of subjects displayed clinically-
confirmed diagnoses as follows: cardiovascular disease
(n = 136), psychiatric disease (depressive syndrome or
anxiety; n = 98), neurodegenerative disease (Alzheimer’s
disease, Parkinson’s disease or multiple sclerosis; n = 61)
rheumatic disease (n = 34), infectious disease (HIV or
hepatitis C (n = 28), neoplasmic disease (cancer; n = 24)
and endocrinological disease (thyroid dysfunction, n =
20). Each diagnosis was made in a specialised external
clinical department using an internationally accepted
definition for a given disease. In 75 subjects, the simul-
taneous presence of multiple (two or more) pathologies
was diagnosed; these subjects were considered as poly-
pathic and excluded from statistical analyses. Subjects (n
= 127) who contacted our Center in the absence of any
known symptoms and who were free of a clinical diag-
nosis were considered as healthy controls. The remaining
subjects (n = 14) displayed relatively rare pathological
conditions and were therefore excluded from statistical
analyses.

A—BIlood samples: Venous blood (20 ml) was drawn
from the cubital vein into Vacutainer tubes containing
either EDTA or heparin as anticoagulants after an over-
night fast. Plasmas were immediately separated by cen-
trifugation at 3000 rpm for 10 minutes and frozen at
—80°C until analysis. Urine was collected on the same
visit and used for biomarker analyses within 24 h.

B—Biomarkers of oxidative stress: The typical profile
of biomarkers of oxidative stress included measurements
of substances of exogenous origin (vitamin C, vitamin E,
f-carotene, selenium, zinc, copper), endogenous anti-
oxidants (reduced and oxidised glutathion, thiols, urate,
GPx activity) and a biomarker of oxidative DNA damage
(8-OHAQG) in plasma, whole blood or urine.

B1—Vitamins: Determination of vitamin C: Vitamin
C (ascorbate) was spectrophotometrically measured in plas-
ma stabilized with 10% metaphosphoric acid as the re-
duction of 2,6-dichlorophenolindophenol using a Perkin
Elmer Lambda 40 spectrophotometer [14]. Determina-
tion of vitamin E and f-carotene: Vitamin E (the sum of
its major forms, a- and y-tocopherols) and p-carotene
were simultaneously determined by HPLC (Alliance
Waters, USA) coupled with a diode array detector (PDA
2996, Waters, USA) [15]. Plasma levels of vitamin E
were normalized to total plasma cholesterol which was
measured by a standard colorimetric kit containing cho-
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lesterol oxidase.

B2—Determination of oligoelements: Plasma levels of
selenium, zinc and copper were measured using induc-
tively coupled plasma-mass spectroscopy [16].

B3—Endogenous antioxidants: Determination of re-
duced and oxidised glutathione: Reduced (GSH) and
oxidized (GSSG) glutathione were measured in whole
blood using a Bioxytech GSH/GSSG-412TM kit (Oxis-
Research, Portland, USA). Initially developed by Tietze
[17], this method employs Ellman’s reagent (5,5’-dithio-
bis-2-nitrobenzoic acid, DTNB) which reacts with GSH
to form a product spectrophotometrically detectable at
412 nm. The thiol-scavenging reagent, 1-methyl-2-vinyl-
pyridinium trifluoromethanesulfonate, was used to pre-
vent oxidation of GSH to GSSG during sample process-
ing. GSSG was calculated as the difference between total
glutathione (determined after reduction of GSSG to GSH
by gutathione reductase and NADPH) and GSH. Deter-
mination of total thiols and uric acid: Total plasma sulf-
hydryl groups were determined spectrophotometrically at
412 nm after their reaction with DTNB [18]. Plasma
urate was measured using a commercially available ana-
lytical test (Kodak Ektachem DT Slides, Eastman Kodak
Company, Rochester, England).

B4—Enzymes involved in Glutathione metabolism:
Determination of glutathione peroxidase activity: GPx
activity was measured in erythrocytes using a comer-
cially available kit (Randox Laboratories Ltd Antrim
UK).

B5—Determination of DNA decays: Determination of
8-hydroxy-2’-deoxyguanosine: Competitive ELISA was
used for the quantitative measurement of the oxidative
DNA adduct 8-OHdG in fresh urine samples (Japan In-
stitute for the Control of Aging, Japan). The concentra-
tion of 8-OHdAG was normalised to creatinine urine levels
and expressed as ng/mg creatinine.

C—Statistical analysis: All the performed statistical
tests take into account the sample size. For each dataset
the normality of the distribution was assessed using a
Shapiro and Wilk test (taking care of samples sizes).
Data are shown as means + standard deviations for nor-
mally distributed variables and as medians (range) for
the rest. Significance of between-group differences was
calculated using analysis of variance; Fisher’s F-test was
used in case of homogeneous variance and Aspin-
Welch’s test in case of non-homogeneous variance.
Pearson’s moment-product correlation coefficients were
calculated to evaluate relationships between variables.
All calculations were performed using Jmp“SAS-Insti-
tute software, release 6.0.

3. RESULTS

Subjects with cardiovascular disease (62.7 = 12.4 years,
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p < 0.001), neurodegenerative disease (67.0 + 16.6 years,
p < 0.001), rheumatic disease (60.7 + 14.6 years, p <
0.001) and cancer (62.0 + 14.8 years, p < 0.01) are sig-
nificantly older than in control group (51.8 £ 9.2 years);
by contrast, subjects presenting psychiatric (52.6 = 11.6
years), infectious (50.8 + 11.6 years) and endocrinologi-
cal (56.5 £ 9.2 years) disease present no difference in age.
Patients with rheumatic (220 + 31 mg/dl, p < 0.05) and
endocrinological (219 £+ 24 mg/dl, p < 0.05) pathologies
display significantly higher plasma level of total choles-
terol vs controls (204 + 39 mg/dl), whereas infectious
diseases induce hypocholesterolemia (189 + 48, p < 0.01
vs controls).

Vitamins (Table 1): Plasma level of vitamin C (ascor-
bate), does not significantly differ between the different
groups. It tends to decrease in the neurodegenerative
disease group (—10%, p = 0.16). Absolute plasma con-
centration in vitamin E (expressed as pmol/l) are signifi-
cantly reduced (—15%, p < 0.05) in subjects with infec-
tious disease (Table 1). Patients with cardiovascular dis-
ease display a significantly high concentrations of vita-
min E vs control; this probably reflects the slightly in-
creased level of total cholesterol in cardiovascular dis-
ease group (+3%, p = 0.19), as cholesterol-normalised
levels of vitamin E are similar in the two groups (Table
1). By contrast, cholesterol-normalised level of vitamin E
is significantly lower in the psychiatric pathology (—8%,
p < 0.001), infectious (—12%, p < 0.001) and endocri-
nological disease groups (—6%, p < 0.05). It tends to de-
crease in rheumatic disease group (—5%, p = 0.09 vs
controls; Table 1). Finally, the vitamin C/ vitamin E
molar ratio does not differ between the groups; even if a
trend towards a decrease can be observed in the cardio-
vascular disease group (1.44 £ 0.61) vs controls (1.56 £
0.63, p = 0.18). Plasma concentrations of f-carotene dif-
fer significantly in the neurodegenerative disease group
(—28%, p < 0.05, vs control).

Oligoelements (Table 2): Selenium concentration in
plasma (+21%, p < 0.01) and zinc (+12%, p < 0.05) are
significantly higher in subjects with rheumatic disease vs
controls (Table 2). Plasma concentrations of copper are
significantly lower (—7%, p < 0.05) in subjects with neu-
rodegenerative disorders. A trend towards a similar fea-
ture is observed for copper (—7%, p = 0.06).

Endogenous antioxidants (Table 3): Plasma level of
GSH tends to decrease in subjects with cancer (—5%, p =
0.06) and endocronological disease (—4%, p = 0.13).
Level of GSSG is lower in the neurodegenerative disor-
ders group (—34%, p < 0.05 vs controls). The GSH/
GSSG ratio is significantly depressed in patients with
infectious (—10%, p < 0.001) and rheumatic (—31%, p <
0.05) diseases; but significantly elevated in individuals
with psychiatric (+4%, p < 0.001), neurodegenerative
(+29%, p < 0.01) and endocrinological (+21%, p < 0.001)
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Table 1. Plasma levels of exogenous antioxidants in diverse human pathologies.

Cardiovascular ~ Psychiatric Neurodegenerative Rheumatic Infectious

Controls disease disease disease disease disease Cancer  Endocrinological
(n=127) (n = 136) (n=98) (n=61) (n=34) (n=28) (n=24) disease (n=20)
Vitamin C (uM) 54.1+19.4 52.1+20.1 56.6 £23.9 48.6 £26.4 59.5+21.2 51+29 553+189 57.4+16.6
Vitamin E (uM)  34.9+7.2 36.6+9.5 34.0+7.6 351+£7.7 346+7.4 29.5+6.5" 37.2+£87 383+7.7
Vitamin E
(nmol/mg 17.5£3.9 184+53 15.8+2.4" 17.0+£3.5 16.2£3.0 15124 16.8+27 16.2+2.1"
cholesterol)
B-Carotene (uM) 1.0(0.1-3.4) 1.0(02-4.1) 12(0.1-3.9) 0.8(0.1-3.6)° 12(04-44) 0.6(03-3.9) 1.5(03-3.1) 1.2(0.5-1.8)

Data are shown as mean + SD or median (range) when applicable; p < 0.05 vs controls.

Table 2. Plasma levels of oligoelements and 8-OHdG in diverse human pathologies.

Cardiovascular ~ Psychiatric Neurodegenerative Rheumatic  Infectious Endocrinological
Controls R . R X . Cancer .
(n=127) disease disease disease disease disease (n=24) disease
(n=136) (n=98) (n=61) (n=34) (n=28) (n=20)
Selenium (uM)  1.36 £0.23 1.39+0.26 1.42+0.3 1.31+£0.29 1.64+£0.41° 137+032 1.35+045 1.48 £0.36
Copper (uM)  16.1+3.2 156+2.9 159+2.9 15.0 £33 176+22 157+33 168+3.1 147+5.1
Zinc (uM) 103+£1.2 10.3+£1.8 100+ 1.6 95+1.9 11.5+21°  100+1.3 10.0+2.0 102+1.4
Urinary 8-OHAG g 1, 4 5 12166 9.7+40 124454 129+13.6 154+83 99+44 11.9£7.0
(ng/g creatinine)
Data are shown as mean + SD; p < 0.05 vs controls.
Table 3. Plasma levels of endogenous antioxidants and activity of GPx in diverse human pathologies.
Cardiovascular ~ Psychiatric ~ Neurodegenerative = Rheumatic Infectious Endocrinological
Controls ) . R . . Cancer .
(n=127) disease disease disease disease disease (n = 24) disease
(n=136) (n=98) (n=61) (n=34) (n=28) (n=20)
GSH (uM) 936 + 193 912+219 911 =194 917+ 172 934 +173 878 +£259  862+172 875+ 165
GSSG (uM) 53(2-193) 50(0.5-179) 49(2-156) 351-127) 69(5-163) 61(3-114) 33(2-175) 47(20-122)
GSH/GSSG . .
(mol/mol) 15 (2 - 508) 16 (3-612) 16(3-98) 20 (4-162) 10 (4-44)° 14 (4-60)  22(3-372) 18(4-36)
GPxactivity 564,127 5364124 5474166 542+133 442+11.17 663+242 557+172  57.0:11.6
(IU/g Hb)
Total thiols (uM) 365+ 53 349 £ 53" 363+ 63 33462 355+ 54 354+ 64 358+ 61 357+ 40
Urate (uM) 282 +81 304 £ 82° 273+£76 282+ 69 255+61 308 = 88 284 + 85 277+72

Data are shown as mean + SD or median (range) when applicable; 'p < 0.001; ~p < 0.01; "p < 0.05 vs controls.

pathologies vs controls (Table 3). Circulating levels of
total thiols are significantly decreased in the cardiovas-
cular disease group (4%, p < 0.05 vs. controls); by con-
trast, plasma concentration of urate is significantly in-
creased in this group (+8%, p < 0.05; Table 2). In addi-
tion, plasma concentration of thiols is significantly de-
creased in the group of patients with neurodegenerative
disorders (—8%, p < 0.01 vs controls).

GPX activity (Table 3): GPx activity is significantly
lower in subjects with rheumatic disease (—22%, p < 0.01
vs control; Table 3).

8-OHdG (Table 2): Urinary levels of 8-OHdG are
higher but with no statistical significance in neurodegen-
erative (+36%, p = 0.18), rheumatic (+4%, p = 0.17) and
infectious (+69%, p = 0.07) diseases groups.

Correlations (Table 4): Multiple significant correla-

Copyright © 2013 SciRes.

tions are observed between biomarkers of oxidative stress
and age. Plasma levels of vitamin C (r = —0.15, p <
0.001), thiols (r = —0.32, p < 0.001), GSSG (r = —0.09, p
< 0.05) and zinc (r = —0.20, p < 0.001) are significantly
correlated with age. At the opposite, concentrations of
vitamin E (r = 0.27, p < 0.001), cholesterol-normalised
vitamin E (r = 0.26, p <0.001), urate (r = 0.17, p < 0.001)
and GSH/GSSG ratio (r = 0.10, p < 0.05) show positive
correlations. Logically, the vitamin C/vitamin E ratio is
strongly negatively correlated with age (r = —0.25, p <
0.001). Next, a number of significant correlations be-
tween biomarkers of oxidative stress (Table 4) have
been identified. Indeed, plasma levels of vitamin C are
positively correlated with those of S-carotene and sele-
nium but negatively with those of urate, as well as urate
and copper; concentrations of vitamin E is correlated
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Table 4. Correlations between biomarkers of oxidative stress in diverse human pathologies.
VitE pCar GSH GSSG  GSH/GSSG GPx Thiols Urate Se Cu Zn 8-OHdG

VitaminC ~ 0.05  0.22™" 0.02 -0.03 -0.06 0.02 -0.03  -0.12" 0.15" 0.01 0.19™ 0.10
Vitamin E 0.15"  —0.03 0.01 0.01 0.01 -0.07 0.15™ 037" 0.01 0.13 0.02
p-Carotene 0.12" 0.09" 0.07 0.13 0.13” 0.02 -0.05 0.10 0.13 -0.12
GSH 0.24™" 0.05 0.02 0.06 -0.06 -0.01 —0.05 0.19" 0.06
GSSG —-0.43™ -0.03 0.07 0.00 -0.04 -0.12 0.16" -0.05
GSH/GSSG 0.03 -0.01 0.03 0.00 0.12 -0.03 0.09
GPx -0.04 0.05 0.11 0.06 0.02 -0.03
Thiols -0.07 -0.10 -0.05 0.18" -0.03
Urate -0.06  -0.16"  —0.06 -0.01
Se 0.14" 0.41"" 0.03
Cu 0.18™ 0.12
Zn -0.06

*

"p<0.001; “p<0.01; p<0.05.

with those of f-carotene, urate and selenium, as well as
the level of f-carotene with those of GSH, thiols and zinc;
GSH is positively correlated with GSSG and zinc as well
as GSSG and Zn with thiol. Concentrations of zinc, sele-
nium and copper are positively correlated. /n fine, plasma
concentrations of cholesterol, vitamin E (r = 0.20, p <
0.001) and urate (r = 0.15, p < 0.001) are correlated be-
tween them and with age (r=0.11, p <0.01).

4. DISCUSSION AND CONCLUSIONS

Oxidative stress is a well-known factor in the develop-
ment of human cardiovascular, neurodegenerative and
inflammatory pathologies, in infectious diseases, and in
aging [1-5]. Interestingly, in our descriptive study, the
major classes of human diseases reveal distinct profiles
of oxidative stress biomarkers. Multiple anomalies of
these biomarkers have been observed in plasma, whole
blood and urine in our patients. Among exogenously-
supplied substances, plasma levels of vitamin E (normal-
ised to cholesterol) are significantly lowered in subjects
with psychiatric, infectious and endocrinological troubles,
whereas the concentration of S-carotene is significantly
lower in subjects with neurodegenerative diseases. Sub-
normal levels of vitamin E and f-carotene may reflect
either insufficient dietary supply, or accelerated con-
sumption as a result of important oxidative stress, or both.
Our observations do not allow to conclude, but rather
suggest dietary abnormalities as urine levels of 8-OHdG,
a biomarker of oxidative DNA damage, are not increased
in these conditions (see below). In addition, plasma con-
centrations of selenium and zinc are significantly higher
in patients with rheumatic disease, whereas concentration
of copper is significantly lower in subjects with neu-
rodegenerative disorders, suggesting dietary imbalance.

Copyright © 2013 SciRes.

Endogenous antioxidants equally reveal a series of
differences vs controls. Erythrocyte GSH/GSSG ratio is
significantly lower in subjects with infectious and rheu-
matic disease but significantly higher in subjects with
psychiatric, neurodegenerative and endocrinological dis-
orders. Level of GSSG is subnormal in patients with
neurodegenerative disorders. GPx activity is significantly
lower in the rheumatic disease group. Decreased GSH/
GSSG ratios in erythrocytes may be indicative of ele-
vated oxidative stress and poor regeneration of GSH; by
contrast, an elevated ratio (and decreased levels of GSSG)
is consistent with an upregulation of GSH recycling, po-
tentially in response to elevated oxidative stress.

Circulating levels of total thiols are significantly low-
ered in subjects with cardiovascular and neurodegenera-
tive disorders, suggesting a low total reductive capacity
of plasma. A poor recycling of homocysteine via the
cystathionine beta synthase pathway (CBS) leads to
shortage of cysteine then to a decreased glutathion syn-
thesis. This defective pathway is usually a characteristic
of cardiovascular pathologies [19]. Indeed, total SH groups
critically contribute to the total antioxidative capacity of
plasma measured using in vitro assays [20,21]. In fine,
plasma concentrations of urate are significantly increased
in subjects with cardiovascular disease. Indeed, this group
of patients is characterised by diminished plasma con-
centrations of total thiols, associated with an important
concentration of urate. This may be also linked to the
older age observed in this group: plasma levels of thiols
and urate correlate respectively negatively and positively
with age. The progressive elevation of circulating con-
centrations of uric acid with age is well documented
[22,23]. As urate and total thiols represent two major
parameters of total radical-trapping capacity of human
plasma [20,21,24], their differential modulations in pres-
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ence of cardiovascular disease is consistent with normal
values of the biomarker of oxidative DNA damage (8-
OHJdG), suggesting a compensatory effect.

In clear contrast, patients with neurodegenerative dis-
orders (Alzheimer’s disease, Parkinson’s disease or mul-
tiple sclerosis) show decreased levels of p-carotene,
thiols and copper but a high GSH/GSSG ratio. Decreased
plasma levels of carotenes have been previously reported
in Alzheimer’s disease [25-28] and multiple sclerosis
[29]; they reflect an inproper dietary supply [30]. Low
concentrations of total thiols, reported also in neurode-
gerative disorders [28,31], are probably the result of an
accelerated turn-over linked to an elevated oxidative
stress. By contrast, an alteration of circulating levels of
transition metals in Alzheimer’s disease, Parkinson’s
disease and multiple sclerosis remains controversial [32-
34]. Finally, improved redox status of glutathione in
subjects displaying neurodegenerative diseases may be
the result of an increased glutathione synthase activity, a
key enzyme involved in the synthesis of GSH, as already
mentioned [35].

Patients with psychiatric disease (depressive syndrome
or anxiety) reveal lower values of cholesterol-normalised
vitamin E and increased GSH/GSSG ratio. Intriguingly,
similar alterations in oxidative stress biomarkers have
been observed in subjects with endocrinological disease
(thyroid dysfunction). Low concentrations of vitamin E
have been reported in major depression syndroms [36,37]
potentially reflecting an inadequate nutritional behaviour.
Improved redox status of glutathione may result in turn
from elevated activity of glutathione reductase [38].

A cluster of abnormalities are detected in subjects with
rheumatic disease; these includes diminished GSH/GSSG
ratio and GPx activity and high concentrations of sele-
nium and zinc. Deficiency in cellular glutathione-based
antioxidative systems is well established in rheumatic
arthritis: it typically involves defective recycling and
impaired redox status of glutathione [39-41]. By contrast,
loss of GPx activity is rather less documented [39,42].
Up regulation of GPx activity has also been reported in
patients with arthritis [40,41], in response to chronic
oxidative stress. Increased plasma levels of selenium and
zinc are rather unexpected: rheumatic diseases are fre-
quently characterised by deficiencies in these trace ele-
ments [39,43,44]. High levels may be the result of a nu-
tritional supplementation, common in Western societies:
Zn deficiencies have been described in 15% of the cau-
casian population [45] and supplementation is often sug-
gested; on the contrary no deficiency in Selenium has
ever been described in caucasian population and this
abnormally high level is undoubtedly the result of sup-
plementation.

Patients with viral infection (HIV or hepatitis C) are
characterised by decreased levels of vitamin E (normal-
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ised to cholesterol) and impaired redox status of glu-
tathione. Vitamin E is typically low in subjects infected
with HIV [46], most probably as a result of suboptimal
nutritional intake [47]. Such insufficient exogenous sup-
plies of antioxidants may lead to an accelerated con-
sumption of endogenous antioxidants as shown by the
decrease in the GSH/GSSG ratio [48,49]. By contrast,
hepatitis C, which is characterised by impaired hepatic
function may be associated with a poor metabolism of
vitamin E [50,51]. Defective activities of hepatic en-
zymes involved in glutathione metabolism can be in-
volved in the decreased GSH/GSSG ratio in blood cells
[52,53].

Interestingly, patients with cancer did not show any
abnormality in circulating biomarkers of oxidative stress,
despite an older age. This observation is consistent with
the broadening consensus regarding a highly specific
elevation of oxidative stress in vulnerable cells in indi-
vidual types of cancer, which results in targeted damage
to cellular DNA [54,55]; this concept appears more at-
tractive than a non-specific rise in systemic oxidative
stress, which may only be relevant at terminal stages of
the disease.

Intriguingly, the only biomarker of oxidative damage
evaluated in this study, urinary 8-OHdG, does not show
significant differences between the groups and only tends
to be higher in subjects with neurodegenerative, rheu-
matic and infectious disease. This means that damages to
nuclear biomolecules cannot be observed despite sig-
nificant decrements in levels of individual protective
antioxidants.

In conclusion, our identification of distinct patterns of
oxidative stress biomarkers in specific pathologies strongly
suggests the involvement of multiple specific forms of
oxidative insults related to each pathological condition.
In practical terms, such a highly diverse picture implies
that a specific array of biomarkers should be measured in
order to fully cover the variety of patterns present in dif-
ferent pathologies. This complex feature is further high-
lighted by multiple correlations observed between the
different biomarkers. Furthermore, these data imply that
an integrated score should be developed to enable quan-
titative comparison between the different patterns; Popu-
lation screening, in order to quantitatively assess the oxi-
dative stress in an integrated manner, should be of spe-
cial relevance. This would allow to identify subjects who
present increased oxidative stress, as a criterion for in-
clusion in clinical studies designed to determine specific
antioxidant therapies. This explains why current antioxi-
dant treatments, cocktails of numerous vitamins and oli-
goelements, given haphazardly, irrespectively of clini-
cally quantified deficiencies, are poorly efficient and
potentially detrimental [56,57].
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