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DNA Damage and Oxidative Stress in Patients with
Osteoarthritis: a Pilot Study
Osteoartrit Hastalar›nda DNA Hasar› ve Oksidatif Stres: Pilot Çal›ﬂma
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Abstract
Objective: We aimed to investigate the effect of osteoarthritis on
basal levels of DNA strand breaks and on the oxidative/anti-oxidative
status of patients with osteoarthritis, and healthy subjects.
Patients and Methods: The study population contained 29 patients
with knee osteoarthritis and 26 healthy controls. We used
single-cell gel electrophoresis (also called comet assay) to measure
DNA strand breaks in peripheral blood mononuclear leukocytes.
Plasma levels of total antioxidant status (TAS) and total oxidative
status (TOS) were determined, and oxidative stress index OSI was
calculated using a novel automated measurement method.
Results: The mean values of DNA damage, plasma TOS and OSI
were significantly higher in patients with osteoarthritis than in
controls (p < 0.001, for all). Plasma TAS level was lower in patients
than in healthy controls (p < 0.001). There was a significantly positive
correlation between OSI and DNA damage (r = 0.530, p < 0.001).
Conclusion: The findings indicated that Reactive Oxygen Species
produced in the progression of the disease may induce oxidative
damage in normal cells. (Rheumatism 2007; 60-3)
Key words: Osteoarthritis, DNA damage, oxidative stress, total
antioxidative status

Introduction
Osteoarthritis (OA) is the most common form of
arthritis and characterized by softening and disintegration
of articular cartilage. The progressive deterioration and loss
of articular cartilage leading to an irreversible impairment
of joint structure are the final pathogenic events common
to osteoarthritis (1).
In normal conditions, chondrocytes are living in an
avascular environment with low oxygen supply as a
consequence. Chondrocytes display a metabolism adapted
to anaerobic conditions. In pathological conditions, oxygen
tension in synovial fluid is subject to fluctuation as a

Özet
Amaç: Bu çal›ﬂma osteoartritli hastalarda DNA hasar› ile serum oksidatif/antioksidatif durumun araﬂt›r›lmas› amac›yla planland›.
Hastalar ve Yöntem: Çal›ﬂmaya diz osteoartriti olan 29 hasta ve 26
sa¤l›kl› kontrol grubu dahil edildi. Periferik lökosit DNA hasar› single-cell jel elektroforez (comet) yöntemi ile, plazma total oksidan,
antioksidan miktar› ve oksidatif stres indeksi novel otomatik ölçüm
yöntemi ile de¤erlendirildi.
Bulgular: Periferik lökosit DNA hasar›, plazma total oksidan (TOS)
miktar› ve oksidatif stres indeksi (OSI) osteoartrit grubunda kontrol
grubuna göre anlaml› ölçüde yüksek, total antioksidan miktar› ise
düﬂük bulundu (p < 0.001). Ayr›ca DNA hasar› ile oksidatif stres
indeksi aras›nda pozitif korelasyon mevcuttu (r = 0.530, p < 0.001).
Sonuç: Çal›ﬂma sonuçlar›m›za göre osteoartrit patojenezinde oksidatif stresin rolü olabilece¤ini ve buna ba¤l› geliﬂebilecek DNA
hasar›n›n osteoartritli hastalarda normal populasyona göre daha
fazla oldu¤u düﬂünülebilir. (Romatizma 2007; 22: 60-3)
Anahtar kelimeler: Osteoartrit, DNA hasar›, oksidatif stres, total
antioksidan kapasite

consequence of ischemia-reperfusion phenomenon, p
athological acceleration of tissue metabolism and sustained
abnormal strains on the joint. In response to partial oxygen
pressure variations, chondrocytes produced abnormal levels
of Reactive Oxygen Species (ROS) that is generally
produced by immune cells to assume host defense (2, 3). It
has been found that ROS production is increased in joint
diseases such as osteoarthritis and rheumatoid arthritis (4).
Reactive Oxygen Species are highly reactive transient
chemical species, such as nitric oxide, superoxide and
hydroxyl radical anion. Normal cellular metabolism appears
to be a primary source for endogenous ROS, release of ROS
from these cellular processes, and their evasion from
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antioxidant pathways (e.g. glutathione peroxidase, vitamin E),
result in the background levels of modification of cellular
molecules, including DNA, which can be detected in
normal tissue. However, when the production of
damaging ROS exceeds the capacity of the body's
antioxidant defenses to detoxify them, a condition known
as oxidative stress occurs (5, 6).
Deoxyribonucleic acid (DNA) is a particularly target for
oxidation, as damage may lead to important alterations (6).
ROS produced by activated neutrophils during the
inflammatory response play an important role in the
pathogenesis of inflammatory disease including hepatitis,
gastritis, colitis, chronic renal failure, rheumatoid arthritis,
and AS (7, 8).
It has been proposed that DNA damage induced by ROS
may contribute to increased mutation rates, genome
instability, apoptosis and associated tissue regeneration
and cell proliferation (9). Therefore, we evaluated oxidative
status, total antioxidant capacity and values of DNA
damage in peripheral blood lymphocytes in patients with
osteoarthritis and healthy controls.

Patients and Methods
Subjects
A consecutive sample of outpatients (n=166) with knee
complaints was screened for knee osteoarthritis.
Antero-posterior weight-bearing radiographs of both
knees were taken. All patients’ routine hematological and
biochemical parameters were determined. Exclusion
criteria included usage of supplemental vitamins, diabetes
mellitus, coronary artery disease, malignancy, myoma uteri,
systemic or local infection, inflammatory arthritis,
hypertension, acute-chronic liver diseases, renal
dysfunction, anemias, GI parasitic diseases, clinically
unstable medical illnesses, neoplastic diseases, established
deficiency of vitamin B12 or folate. In a 6-month period,
out of 166 patients, 25 were undergoing treatment for OA,
34 had inflammatory rheumatic diseases or infectious or
endocrine-related arthropathy, 59 were smoker, 11 were
pregnant or nursing mother, 6 had used of any medication
within 4 weeks before the initiation of the study, 2 did not
wish to be interviewed. Finally, twenty-nine patients with
knee OA based on clinical and radiological findings
(20 females and 9 males, mean age 40.9 ± 2.5 years)
included in the study.
Control group consisted of 26 healthy individuals
(18 females, 8 males; mean age and 39.0 ± 4.7). The controls
were recruited from the family of those in the patient
group. Anteroposterior radiographs of both knees were
used in controls. Routine haemathological and biochemical
parameters were determined in controls. None of the
controls was a smoker or alcohol consumer. All subjects
were informed about the study.
Self-reported pain, stiffness and functional ability were
measured by the Western Ontario McMaster Universities
Osteoarthritis Index (WOMAC) (10). The WOMAC is a
self-rating instrument designed for patients with lower
extremity disease. WOMAC consists of three subscales:
pain, stiffness and physical functioning. Global scores range
from 0 (no disease) to 100 (worst disease).
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Sample Preparation
After an overnight fasting, venous blood was
withdrawn into heparinized tubes and citrated tubes. One
mililiter of heparinized blood was pipetted into another
tube immediately to measure lymphocyte DNA damage.
Remaining blood was centrifuged at 3000 rpm for 10 min
to separate plasma. The plasma samples were stored at
-80 °C until analysis of total antioxidant status (TAS), total
oxidant status (TOS), oxidative stress index (OSI).
Lymphocyte separation
An amount of 1 ml heparinized blood was carefully
layered over 1 ml Lympoprep (Oslo Norway) and
centrifuged for 35 min at 500 x g and 25ºC. The interface
band containing lymphocyte were washed with phosphate
buffered saline (PBS) and then collected by 15 min
centrifugation at 400 x g. The resulting pellets were
resuspended in PBS. Membrane integrity was assessed by
means of Trypan Blue exclusion method.
Measurement of lymphocyte DNA damage
The endogenous lymphocytes DNA damage was
analyzed by alkaline comet assay according to Singh et al.
(11) with minor modifications. Ten mL of fresh lymphocyte
cell suspension (around 20.000 cells) were mixed with 80
mLof 0.7% low-melting-point agarose (LMA) (Sigma) in PBS
at 37 °C. Subsequently, 80 µL of this mixture were layered
onto slides that had previously been coated with 1.0 % hot
(60 °C) normal melting point agarose (NMA), covered with
a cover-slip at 4 °C for at least 5 min to allow the agarose
to solidify. After removing the cover-slips, the slides were
submersed in freshly prepared cold (4 °C) lysing solution
(2.5 M NaCl, 100 mM EDTA-2Na; 10 mM Tris–HCl,
pH 10–10.5; 1% Triton X-100 and 10% DMSO added just
before use) for at least 1 h. Slides were then immersed in
freshly prepared alkaline electrophoresis buffer (0.3 mol/l
NaOH and 1 mmol/l Na2ETDA, pH > 13) at 4 °C for
unwinding (40 min) and then electrophoresed
(25 V/300 mA, 25 min). All of the above steps were
conducted under red light or without direct light in order
to prevent additional DNA damage. After electrophoresis,
the slides were stained with ethidium bromide (2 µ/ml in
distilled; 70 µl/slide), covered with a coverslip and analyzed
using a fluorescence microscope (Nikon, Japan) vided with
epi-flourescence and equipped with rhodamine filter
(excitation wavelenght, 546 nm; barrier fitler, 580 nm) The
images of 100 randomly chosen nuclei (50 cells from each
of two replicate slides) were analyzed visually from each
subject, as described elsewhere (12). Each image was
classified according to the intensity of the fluorescence in
the comet tail and was given a value of either of 0, 1, 2, 3,
or 4 (from undamaged class 0 to maximally damaged class
4), so that the total scores of slide could be between 0 and
400 arbitrary units (AU). All procedures were completed by
the same biochemistry staff and DNA damage was detected by a single observer who was not aware of subject’s
diagnosis.
Measurement of total antioxidant status
Plasma TAS levels were determined using a novel
automated measurement method, developed by Erel (13).
In this method, hydroxyl radical, which is the most potent
radical, is produced via Fenton Reaction. In the classical
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Fenton reaction, the hydroxyl radical is produced by mixing
of ferrous ion solution and hydrogen peroxide solution. In
the most recently developed assay by Erel, same reaction is
used. In the assay, ferrous ion solution, which is present
in the Reagent 1, is mixed by hydrogen peroxide, which is
present in the Reagent 2. The sequential produced radicals
such as brown colored dianisidinyl radical cation, produced
by the hydroxyl radical, are also potent radicals. In this
assay, antioxidative effect of the sample against the potent
free radical reactions, which is initiated by the produced
hydroxyl radical, is measured. The assay has got excellent
precision values, which are lower than 3%. The results are
expressed mmolTroloxEquiv/L.
Measurement of total oxidant status
Plasma TOS levels were determined using a novel
automated measurement method, developed by Erel (14).
In this method, Oxidants present in the sample oxidize the
ferrous ion–o-dianisidine complex to ferric ion. The
oxidation reaction is enhanced by glycerol molecules,
which are abundantly present in the reaction medium. The
ferric ion makes a colored complex with xylenol orange in
an acidic medium. The color intensity, which can be
measured spectrophotometrically, is related to the total
amount of oxidant molecules present in the sample. The
assay is calibrated with hydrogen peroxide and the results
are expressed in terms of micromolar hydrogen peroxide
equivalent per liter (µmolH2O2Equiv /L).
Oxidative stress index
The percent ratio of the TOS to the TAS gave the
oxidative stress index, an indicator of the degree of oxidative
stress [14]. To perform the calculation, the result unit of
TAS, mmol Trolox equivalent/l, was converted to µmol
equivalent/l and the OSI value was calculated as below
formula; OSI = [(TOS, µmol/L)/ (TAS, (mmolTroloxEquiv/L) x 100].
Statistical analysis
The values are expressed as mean ± S.D. for the patients
and controls separately. The comparisons of parameters
were performed with Student’s t test and correlation analyses were performed using Pearson’s correlation test. A pvalue < 0.05 was accepted as significant. Data were analyzed using the Statistical Package for Social Sciences (SPSS
11.5, SPSS Inc, Chicago, IL).

Results
Demographic characteristics of the patients with
osteoarthritis and controls are shown in Table 1. Mean ages
of patients and controls were 40.9 ± 2.5 and 39.0 ± 4.7
years. There were no significant differences between two
groups with respect to age, gender and body mass index
(BMI). As can be seen in Table 2, mean value of DNA
damage was significantly higher in patients than in healthy
controls (21.5 ± 8.7 AU, 7.2 ± 3.9 AU; p < 0.001). Plasma TOS
levels and OSI were higher in patients than in healthy
controls (10.2 ± 0.7 vs 9.7 ± 0.6, p < 0.001; 1.3 ± 0.5 vs 0.7 ± 0.1,
p < 0.001, respectively). Plasma TAS levels in patients were
lower than in healthy controls (0.3 ± 0.01 vs 0.5 ± 0.1, p < 0.001).
The value of DNA damage showed significantly positive
correlations with OSI (r = 0.530, p = 0.001).
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Discussion
Osteoarthritis is a progressive joint disease which affects
the structural and functional integrity of articular cartilage.
External mechanical loading is considered as an important
factor for the development and progression of osteoarthritis (15). It is known that mechanical and chemical stresses
may change the cellular adaptation to hypoxia, and leading
to oxidative damage, resulting in downregulation of
chondrocyte synthesis in osteoarthritis. Milam et al. (16)
postulated that degenerative arthritis progresses due to
the accumulation of free radicals induced by excessive
mechanical stresses.
Oxidative stress, which often arises as a result of an
imbalance in the human oxidative/antioxidative status, has
been implicated in aging and a number of diseases such as
cancer, atherosclerosis, rheumatoid arthritis, osteoarthritis,
fibromyalgia and osteoporosis (17,18). Oxidative DNA
damage has also been associated with a number of
pathologies including neoplastic, neurodegenerative,
cardiovascular and autoimmune diseases (19).
DNA is damaged by environmental genotoxic agents
and by endogenous cellular reactions, free radicals are key
triggers of DNA strand breakage, which is related to cell
proliferation, cell differentiation, and cell death (20).
Degradation of cartilaginous tissue slices by ROS which can
directly damage cellular molecules including DNA in
osteoarthritis (21, 22). The damage was supposed to be
Table 1. Demographic and clinical data of patients with
osteoarthritis
Patients
(n = 29)
mean ± SD

Controls
(n = 26)
mean ± SD

p

40.9 ± 2.5

39.0 ± 4.7

> 0.05

20 / 9

18 / 8

> 0.05

BMI (kg/m )

29.9 ± 3.3

27.6 ± 3.8

> 0.05

WOMAC

7.56 ± 1.02

2.3 ± 0.7

0.001

Age (years)
Gender (M / F)
2

BMI: Body Mass Index, Western Ontario McMaster Universities
Osteoarthritis Index
The values represent the mean ± SD, *Significance was defined as p < 0.05

Table 2. Comparative analysis of DNA damage and oxidative stress parameters in patients with osteoarthritis and
healthy subjects
Parameters

Patients
Controls
(n = 29)
(n = 26)
mean ± SD mean ± SD

p

DNA damage
(ArbitraryUnit)

21.5 ± 8.7

TOS (µmolH2O2/L)

10.2 ± 0.7

7.2 ± 3.9 < 0.001
9.7 ± 0.6 < 0.006

TAS (mmolTroloxEquiv/L)

0.3 ± 0.01

0.5 ± 0.1 < 0.001

OSI (Arbitrary unit)

1.3 ± 0.5

0.7 ± 0.1 < 0.001

TOS- total oxidative status, TAS- total antioxidant status, OSI- oxidative
stress index
The values represent the mean ± SD, *Significance was defined as
p < 0.05
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secondary to direct attack of proteoglycan and collagen
molecules by free radicals. Free radicals degrade collagen
and prevent formation of fibrils by this collagen (4).
Yamaza and coworkers (23) investigated free radicals
and DNA damage occurred in synovial cells in patients with
degenerative temporomandibular joint (TMJ) disease. They
suggested that oxidative stress could lead to the synovial
hyperplasia via DNA damage in the synovial cells in TMJ
after mechanical loading. Firestein et al. (24) have been
proposed that DNA strand breaks which may be related
with free radicals was occur in synovium in patients with
rheumatoid arthritis and osteoarthritis. The presence of
apoptotic cells has been reported in the synovial membrane
in RA as well as in osteoarthritis (25, 26).
Although originally characterized as a noninflammatory
disease, current research indicates that pro-inflammatory
cytokines including tumor necrosis factor-α, interleukin-1 β,
interleukin-6 and others play a central role in the
pathogenesis of osteoarthritis (27). Enhance production of
inflammatory cytokines induce various enzymes such as
NADPH oxidase, nitric oxide synthase, myeloperoxidase and
eozinophil peroxidase. These enzymes which produce free
radicals may contribute to oxidative DNA damage in
inflammation (28).
We found that the mean values of DNA damage, plasma
TOS and OSI values were higher, plasma TAS was lower in
patients with osteoarthritis. There were no directly
association between clinical findings and biochemical
parameters. Further studies will be required to investigate
radiological and clinical findings and their relation with
oxidative stress parameters in patients with osteoarthritis.
The limitation of our study is the relatively small sample size
that could limit our ability to generalize the results to
patients with osteoarthritis in general. In the light of our
findings, it is possible to conclude that the patients with
osteoarthrtritis may be exposed to a potent oxidative stress
and the presence of DNA damage may be associated with
the oxidative/antioxidative imbalance. However, the nature
of this link, and whether it is direct or indirect, remains to be
explored.

References
1.

2.
3.

4.

5.
6.

Mazzetti I, Grigolo B, Pulsatelli L, Dolzani P, Silvestri T, Roseti
L, et al. Differential roles of nitric oxide and oxygen radicals in
chondrocytes affected by osteoarthritis and rheumatoid
arthritis. Clin Sci 2001;101: 593-9.
Henrotin YE, Bruckner P, Pujol JP. The role of reactive
oxygen species in homeostasis and degradation of cartilage.
Osteoarthritis Cartilage 2003; 11: 747-55.
Fermor B, Weinberg JB, Pisetsky DS, Misukonis MA, Banes AJ.
The effects of static and intermittent compression on nitric
oxide production in articular cartilage explants. J Orthop Res
2001; 19: 729-37.
Deberg M, Labasse A, Christgau S, Cloos P, Henriksen BD,
Chapelle JP, et al. New serum biochemical markers (Coll 2-1
and Coll 2-1 NO2) for studying oxidative-related type II
collagen network degradation in patients with osteoarthritis
and rheumatoid arthritis. Osteoarthritis Cartilage 2005;13:
258-65.
Harma M, Harma M, Erel O. Increased oxidative stress in
patients with hydatidiform mole. Swiss Med Wkly 2003; 133:
563-6.
Cooke MS, Olinski R, Evans MD. Does measurement of
oxidative damage to DNA have clinical significance? Clin Chim
Acta 2006; 365: 30-49.

Alt›nda¤ et al.
Osteoarthritis and DNA Damage

7.
8.

9.
10.
11.
12.

13.
14.
15.
16.
17.

18.
19.

20.
21.

22.

23.

24.
25.

26.
27.
28.

63

Karakucuk S, Baskol G, Oner AO, Baskol M, Mirza E, Ustdal M.
Serum paraoxonase activity is decreased in the active stage of
Behcet's disease. Br J Ophthalmol 2004; 88: 1256-8.
Ho KJ, Chen PQ, Chang CY, Lu FJ. The oxidative metabolism
of circulating phagocytes in ankylosing spondylitis:
determination by whole blood chemiluminescence. Ann
Rheum Dis 2000; 59: 338-41.
Sawa T, Ohshima H. Nitrative DNA damage in inflammation
and its possible role in carcinogenesis. Nitric Oxide 2006; 14:
91-100.
Stratford PW, Kennedy DM, Woodhouse LJ, Spadoni GF.
Measurement properties of the WOMAC LK 3.1 pain scale.
Osteoarthritis Cartilage 2006;11 (article in press).
Singh NP, McCoy MT, Tice RR, Schneider EL. A simple technique
for quantitation of low levels of DNA damage in individual
cells. Exp Cell Res 1988; 175: 184-91.
Lampidis TJ, Kurtoglu M, Maher JC, Liu H, Krishan A, Sheft V,
et al. Efficacy of 2-halogen substituted D: -glucose analogs in
blocking glycolysis and killing "hypoxic tumor cells" Cancer
Chemother Pharmacol 2006; 58: 725-34.
Erel O. A novel automated direct measurement method for
total antioxidant capacity using a new generation, more
stable ABTS radical cation. Clin Biochem 2004; 37: 277-85.
Erel O. A new automated colorimetric method for measuring
total oxidant status Clin Biochem 2005; 38: 1103-11.
Manninen P, Heliovaara M, Riihimaki H, Suoma-Iainen O.
Physical workload and the risk of severe knee osteoarthritis.
Scand J Work Environ Health 2002; 28: 25-32.
Milam SB, Schmitz JP. Molecular biology of temporomandibular
joint disorders: proposed mechanisms of disease. J Oral
Maxillofac Surg 1995; 53: 1448-54.
Demirbag R, Yilmaz R, Erel O, Gultekin U, Asci D, Elbasan Z.
The relationship between potency of oxidative stress and
severity of dilated cardiomyopathy. Can J Cardiol 2005; 21:
851-5.
Henrotin Y, Kurz B, Aigner T. Oxygen and reactive oxygen
species in cartilage degradation: friends or foes?
Osteoarthritis Cartilage 2005; 13: 643-54.
Cooke MS, Evans MD, Dove R, Rozalski R, Gackowski D,
Siomek A, et al. DNA repair is responsible for the presence of
oxidatively damaged DNA lesions in urine. Mutat Res 2005;
574: 58–66.
Szabo C. DNA strand breakage and activation of poly-ADP
ribosyltransferase: a cytotoxic pathway triggered by
peroxynitrite. Free Radic Biol Med 1996; 21: 855-69.
Yudoh K, Nguyen T, Nakamura H, Hongo-Masuko K, Kato
T,Nishioka K. Potential involvement of oxidative stress in
cartilage senescence and development of osteoarthritis:
oxidative stress induces chondrocyte telomere instability and
downregulation of chondrocyte function. Arthritis Res Ther
2005; 7: 380-91.
Aurich M, Anders J, Trommer T, Liesaus E, Seifert M,
Schomburg J, et al. Histological and cell biological characterization of dissected cartilage fragments in human osteochondritis dissecans of the femoral condyle. Arch Orthop Trauma
Surg 2006 Jun 1 (article in press).
Yamaza T, Masuda KF, Atsuta I, Nishijima K, Kido MA, Tanaka
T. Oxidative stress-induced DNA damage in the synovial cells
of the temporomandibular joint in the rat. J Dent Res 2004;
83: 619-24.
Firestein GS, Yeo M, Zvaifler NJ. Apoptosis in rheumatoid
arthritis synovium. J Clin Invest 1995; 96: 1631-8.
Sugiyama M, Tsukasaki T, Yonekura A, Matsuzaki S, Yamashita
S, Iwasaki K. Localisation of apoptosis and expression of apoptosis related proteins in the synovium of patients with
rheumatoid arthritis. Ann Rheum Dis 1996; 55: 442-9.
Blanco FJ, Guitian R, Va´zquez-Martul E, J de Toro FJ, Galdo F.
Osteoarthritis chondrocytes die by apoptosis, Arthritis Rheum
1998; 41: 284-9.
Goldring SR, Goldring MB. The role of cytokines in cartilage
matrix degeneration in osteoarthritis. Clin Orthop Relat Res
2004; 427: 27-36.
Kocyigit A, Keles H, Selek S, Guzel S, Celik H, Erel O. Increased
DNA damage and oxidative stress in patients with cutaneous
leishmaniasis. Mutat Res 2005; 585: 71-8.

