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Decrease in oxidative stress and histological changes induced by physical exercise
calibrated in rats with osteoarthritis induced by monosodium iodoacetate

D.J. Cifuentes y, L.G. Rocha y, L.A. Silva y, A.C. Brito z, C.R. Rueff-Barroso z, L.C. Porto z, R.A. Pinho y*
y Exercise Biochemistry and Physiology Laboratory, Postgraduate Program in Health Sciences, Health Sciences Unit, Universidade do Extremo Sul Catarinense, Criciúma, SC, Brazil
z Tissue and Repair Laboratory, Histology and Embryology Department, Universidade Estadual do Rio de Janeiro, Rio de Janeiro, RJ, Brazil
a r t i c l e i n f o

Article history:
Received 15 April 2009
Accepted 13 April 2010

Keywords:
Osteoarthritis
Physical exercise
Joint cartilage
Oxidative stress
* Address correspondence and reprint requests to
Biochemistry and Physiology Laboratory, UNESC, Av.
Universitário, 88806-000 Criciúma, SC, Brazil. Tel/Fax

E-mail address: pinho@unesc.net (R.A. Pinho).

1063-4584/$ e see front matter � 2010 Osteoarthriti
doi:10.1016/j.joca.2010.04.004
s u m m a r y

Objective: The purpose of this study was to evaluate the effects of impact exercise on the joint cartilage of
rats with osteoarthritis (OA) induced by monosodium iodoacetate (MIA).
Methods: Eighteen male rats were divided into three groups of six animals each: control, OA, and OA plus
exercise (OAE). The OAE group trained on a treadmill for 8 weeks. Afterward, the right joints of the
animals were washed with saline solution and joint lavage was used for biochemical analyses of
myeloperoxidase (MPO) and enzyme superoxide dismutase (SOD) activities and total thiol content. The
same limb provided samples of the articular capsule for analyses of MPO activity and total thiol content.
The left joint was used for histological analysis.
Results: Our results indicate that MPO activity was increased in both OA groups in the lavage as well as
the articular capsule, regardless of exercise status. SOD activity was increased in animals with OA,
especially in the animals that had run on the treadmill. On the other hand, thiol content in the articular
capsule and joint lavage decreased in the OA group, while the OAE group had values similar to those of
the control group. The histological data indicate that animals that were submitted to running exercise
showed a higher preservation rate of proteoglycan content in the superficial and intermediate areas of
the joint cartilage.
Conclusion: Our results show that physical training contributes to the preservation of joint cartilage in
animals with OA and to increase the defense mechanism against oxidative stress.

� 2010 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
Introduction

Osteoarthritis (OA) is a degenerative disease characterized by
the progressive degradation of joint cartilage and is accompanied
by secondary inflammation of synovial membranes1. With synovial
fluid, joint cartilage provides an almost frictionless articulation,
enabling painless joint movement. The extracellular matrix of joint
cartilage provides this tissue with great strength, resistance to
deformation, and the ability to dissipate loads and handle the forces
generated within the joint2.

The pathophysiology of OA is thought to be multifactorial, with
interplay between both systemic and local biomechanical factors.
Among the systemic risk factors are ethnicity, age, gender and
hormonal status, genetic factors, bone density, and nutritional
factors. Local biomechanical factors include obesity, altered joint
biomechanics (including ligamentous laxity, malalignment,
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impaired proprioception, and muscle weakness), prior joint
injuries, occupational factors, and the effects of sports and physical
activities3. Therefore, the combination of molecular damage and
the inability to effectively manage physical forces leads to OA2.

The symptoms of OA are often associated with significant
functional impairment, as well as signs and symptoms of inflam-
mation, including pain, stiffness and loss of mobility4.

The articular cartilage is considered a hypoxic tissue, once it is
an avascular tissue2. However, the implications of this hypoxic
environment are poorly understood at the molecular level. A topic
of great interest is the role of changes in oxygen (O2) levels during
cartilage degeneration process. Elevated production of reactive
oxygen species (ROS) and/or depletion of antioxidants have been
observed in a variety of pathological conditions, including inflam-
matory joint diseases5.

It is possible though that those reactive species are involved in
the physiopathological process of OA. Nevertheless, the systemic
implications on OA of ROS production are still unknown and require
investigation.

In agreement with the Brazilian consensus for the treatment of
OA, treatment should be multidisciplinary and seek functional,
ublished by Elsevier Ltd. All rights reserved.
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Table I
Training protocol for rats

Week Frequency Speed (mmin�1) Inclination (%) Duration (min)

Adaptation 1e3 10 1 10
1 1e3 16 1 30
2 1e3 16 1 30
3 1e3 16 1 30
4 1e3 16 1 30
5 1e3 16 1 50
6 1e3 16 1 50
7 1e3 16 1 50
8 1e3 16 1 50
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mechanical and clinical improvement6. The treatment should be
either pharmacological, using analgesic and anti-inflammatory
drugs, or nonpharmacological, using physiotherapy and invigo-
rating and stretching exercises in addition to aerobic exercises of
low and medium intensity.

Historically, physical exercise has been believed to increase the
risk of knee OA, because the disease was labeled as a “wear and
tear” arthritis. However, regular physical exercise is now recog-
nized as a safe, multifaceted therapeutic treatment to improve
many of the factors that lead to disability in patients with knee OA7

and may even be beneficial to the patient8. According to Sutton and
colleagues9, high levels of exercise increase the risk of OA, but
moderate levels can be beneficial, reducing it.

Exercises of low and medium impact exert elastic and
compressive forces on the joint cartilage, similar to those observed
in studies including cartilage explants10e15 and in vitro systems
such as agarose16e18, alginate12 and other polymeric scaffolds19. At
low magnitudes, tensile forces act as potent anti-inflammatory
signals and inhibit interleukin (IL)-1b, tumor necrosis factor (TNF)-a,
and lipopolysaccharide-induced proinflammatory gene
transcription20e22.

Thus, the purpose of this study was to evaluate the effects of
a physical-training program on histological parameters and
oxidative stress markers in the cartilage of rats with OA induced by
monosodium iodoacetate (MIA).
Materials and methods

Sample

Eighteen 4-month-old male Wistar rats (mean¼ 350 g) were
used and cared for according to the European Communities Council
Directive of November 24, 1986. Food (Nuvilab CR1, Nuvital
Nutrientes S/A, Brazil) and water were available ad libitum. The
room was kept at 70% humidity and 20� 2�C on a 12-h light/dark
cycle with the lights on at 06.00 a.m. The rats were checked peri-
odically to verify their pathogen-free condition. The animals were
randomly divided into three groups (n¼ 6): control (C), OA and OA
plus exercise (OAE).
OA exposure

The animals were anesthetized with ketamine (90 mg/kg, i.p.)
and xylazine (20 mg/kg, i.p.); OA was induced by direct infiltration
of both knee joints with a 27-gauge needle and a 2 mL syringe
containing 1.2 mg of iodoacetate diluted in 50 mL saline solution,
according to Guzman23.
Fig. 1. Illustration showing the three areas of reference used for the histomorpho-
logical analysis. Anterior area (1) intermediate area (2) the posterior area (3) The
patella is indicated by the arrow.
Training protocol

Twenty-four hours after OA induction, all groups were habitu-
ated on a motor-driven treadmill at a speed of 10 mmin�1 for
10 min/day for 1 week to reduce their stress regarding the new
environment. The rats did not receive any stimuli to run. After the
adaptation period, a program of moderate physical training was
undertaken. The trained groups were submitted to an 8-week
training program on a treadmill (1% incline) for 3 days/week,
50 min/day, for a total of 60 days. The velocity of the treadmill was
13 mmin�1 (Table I). According Leandro et al.24, the velocity of
training corresponded to approximately 60e70% VO2max. The
untrained animals were placed on the treadmill, which was not
turned on, during the same 8 weeks as the exercise-trained groups.
Intra-articular lavage (IAL)

IAL of the right knee joints was performedwith 2� 50 mL of 0.9%
NaCl under anesthesia (90 mg/kg ketamine and 20 mg/kg xylazine,
i.p.). Approximately 70 mL IAL fluid (IALF) was recovered from each
rat. The IALF was immediately diluted in 0.5 mL of distilled water
and centrifuged at 300�g for 10 min. The IALF supernatants were
stored at �70�C for later analysis. Immediately after recovering IAL,
the animals were killed by decapitation, the right knee was shaved,
and an incision below the patella was made to expose the joint.
After washing the site with saline solution, approximately 40 mg of
the articular capsule was removed. The sample was homogenized
in phosphate buffer and frozen at �70�C for further analysis.
Histology

The soft parts and patella of the left joint of each animal were
removed to facilitate fixation of the joint. The tissue was stored in
4% neutral-buffered formalin for 24 h. Afterward, they were kept in
a running-water bath for 2 h to remove excess fixative. They were
then placed in 10% Ethylenediaminetetraacetic acid (EDTA), pH 7.4,
for decalcification. The EDTAwas changed on a 48 h/48 h/72 h cycle
for approximately 10 weeks until the bone was satisfactorily
decalcified. Tissue blocks were placed in formalin, dehydrated in
a graded series of ethanol and xylol, embedded in paraffin, cut into
6 mm-thick serial sections, and stained with hematoxylineeosin
(H&E) for analyses of the cartilage joint, subchondral bone and disk
epiphyses. The femur and tibia were evaluated separately with
respect to their histological appearances. For both tissues, the
sections were divided into three areas of analysis, according to the
illustration shown in Fig. 1. Proteoglycan (PG) preservation in the
cartilage matrix was evaluated using a metachromasia scale, as
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shown by toluidine blue staining. Thus, we consider (þ) to be mild,
(þþ) to be moderate, and (þþþ) to be intense metachromasia.

A semi-quantitative assessment of structural changes occurring
in the knee joint was done following OARSI OA Cartilage Histopa-
thology Assessment System25. The articular surface and subjacent
tissues of medial femoral condyle were assessed for both grade and
stage in Safranin O-stained sections and the surfaces of the knee
cartilages were more easily assessed for the scores. The half of the
knee cartilage surface of two serial sections for each animal was
examined in at least three animals for comparison of the combined
score (grade� stage)25 among groups.

Biochemical assays

Myeloperoxidase (MPO) activity

IALF (10 mL/mL) was homogenized in 0.5% hexadecyl-
trimethylammonium bromide and centrifuged at 5000�g for
5 min. The suspensionwas then sonicated three times for 30 s each
time. An aliquot of supernatant was mixed with a solution of
1.6 mM tetramethylbenzidine and 1 mM H2O2. Activity was
measured spectrophotometrically as the change in absorbance at
650 nm and 37�C26.

Superoxide dismutase (SOD) activity

SOD activity of the articular capsule was determined according
to the method described by McCord and Fridovich27. Enzymatic
activity was assayed by adrenaline autoxidation inhibition, which
was read at 480 nm on a spectrophotometer. Enzyme activity was
expressed as U/mg protein. SOD of the joint lavage was not per-
formed due to a lack of appropriate material.

Total thiol content

Total thiol content was determined using the 5,50-dithiobis
(2-nitrobenzoic acid) (DTNB) method (Sigma). The reaction was
started by the addition of 30 mL of 10 mM DTNB stock solution
in phosphate buffered saline (PBS). Control samples did not
include DTNB. After 30 min of incubation at room temperature,
the absorbance at 412 nm was measured, and the amounts of
TNB formed were calculated (equivalent to the amount of SH
groups) using the Aksenov technique28.

Protein content

Protein content from both IALF and articular capsule homoge-
nates were assayed using bovine serum albumin as a standard,
according to Lowry and collegues29. When the folin-phenol reagent
(phosphomolybdic-phosphotungstic reagent) was added, the folin-
phenol reagent bound to the protein. The bound reagent was slowly
reduced and changed in color from yellow to blue. The absorbance
was read at 750 nm.

Statistical analyses

Data are presented as mean� 95% confidence intervals (CIs).
Multiple comparisons among parametric data were performed
using one-way ANOVAwith Tukey’s post-hoc tests. KruskalleWallis
test followed by Dunns post-hoc test were employed to test for
differences in the grade, stage and score of the OARSI OA Cartilage
Histopathology Assessment System evaluation (medianerange). A
P value< 0.05 was considered to be significant. Statistical Package
for the Social Sciences (SPSS), version 16.0 for Microsoft Windows
was used for data analysis.
Reagents and spectrophotometer

EDTA, hexadecyltrimethylammonium bromide, adrenaline,
5,50-dithiobis (2-nitrobenzoic acid), bovine serum albumin, and
phosphomolybdic-phosphotungstic reagent were purchased from
Sigma Chemical (St. Louis, MO, USA). The spectrophotometer used
was an Amersham Ultrospec 1100 Pro UV/Vis, purchased from
Amersham Biosciences of Brazil Ltda, São Paulo, Brazil.

Results

Histology

The histology of the joint cartilage in both the femur and shin-
bone of the control group is intact, with no anomalies and
a homogeneous matrix [Fig. 2(A)]. However, in the OA group, the
anterior surface of the joint cartilage of the shinbone shows groups
of isogenic chondrocytes embedded in a homogeneous and slightly
basophilic matrix. Also, in the back the cartilage matrix is more
heavily stained and shows greater numbers of chondrocytes. In the
anterior and posterior areas of the subchondral bone, there are
small infiltration foci of loose connective tissue that are rich in
fibroblasts and microvessels. This pattern is maintained in the
intermediate area, where there is no cartilage, only bone tissue. The
joint cartilage of the femur presents outbreaks of fibroblastoid
infiltrate, mainly in the intermediate area [Fig. 2(B)], whereas the
subchondral bone presents more discreet outbreaks. In the OAE
group, the joint cartilage of the shinbone shows no alterations in its
thickness and some infiltration foci of fibroblastoid cells [Fig. 2(C)]
throughout its length. In some areas of connective tissue infiltra-
tion, we find osteoclasts. In the back, we can see the reactive
proliferation of cartilage cells, evidenced by the increased numbers
of focal chondrocytes. The subchondral bone did not show any
changes. The surface of the joint cartilage at the back of the femur
presents an irregular, thickened appearance, with a smaller number
of chondrocytes, gaps and cracks, and small isogenic groups, thus
taking on an aspect of fibrocartilage [Fig. 2(D)]. In the anterior area,
the pattern is maintained but with reduced thickness and mixed
with loose connective tissue. The subchondral bone does not show
any changes. The metachromasia analysis was performed in the
intermediate area of the joint cartilage of the femur, as shown in
Table II. The control group shows intense metachromasia in the
superficial and intermediate areas, whereas there was a mild
metachromatic areas of deep and calcified cartilage. In the OA
group, the superficial and intermediate areas show mild meta-
chromasia, while there was intense metachromasia of deep areas
with calcified cartilage. The OAE group presents moderate meta-
chromasia in the superficial and intermediate areas, while the
deeper, calcified area shows mild metachromasia.

OARSI system analysis of groups is shown in Table III. Control
group has a mean score of zero, while OA group scored four and
OAE group one and a half.

MPO activity and oxidative stress parameters

According Table IV, theMPO activity of the joint capsulewas high
in both groups with OA (control¼ 73.24 e 95% CI 63e95 mU/
mg protein; OA¼ 210.59 e 95% CI 135e215 mU/mg protein;
OAE¼ 133.21 e 95% CI 97e168 mU/mg protein, P< 0.05). Similarly,
in joint lavage, MPO activity was increased in the groups with OA,
irrespective of exercise (control¼ 3.61 e 95% CI 1.72e5.41 mU/
mg protein; OA¼ 16.31 e 0.17e24 mU/mg protein; OAE¼ 11.95 e

3.15e20.8 mU/mg protein, P< 0.05). The SOD activity was increased
in the joint capsules of animalswithOA; exercise further exacerbated
the antioxidant activity of SOD in this tissue (control¼ 3.02e 95% CI



Fig. 2. Photomicrographs of histomorphological changes of joint cartilage stained by H&E. Normal appearance of joint cartilage (A). Invasion of fibroblastoid infiltrate in the
cartilage (B) and the cartilage and subchondral bone (C). Chondrocytes forming strings with elongated collagen fibers in parallel bands giving it the appearance of fibrocartilage (D).
Scale AeC¼ 100 mm, D¼ 50 mm.
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1.88e4.15 nmol/mg protein; OA¼ 7.17 95% CI 4.41e10.58 nmol/
mgprotein; OAE¼ 13.90 e 95% CI 10.22e17.6 nmol/mg protein,
P< 0.05). The total thiol content was significantly lower in the OA
group compared to the control group. Interestingly, in theOAEgroup,
total thiol content remained high in both the joint capsule
(control¼ 44.21 e 95% CI 32.77e48.62 nmolDTNB/mgprotein;
OA¼ 13.89 e 95% CI 5.7e22 nmol DTNB/mg protein; OAE¼ 38.65 e

95% CI 34.37e42.92 nmolDTNB/mg protein, P< 0.05) and the joint
lavage (control¼ 1.03 e 95% CI 0.7e1.35 nmolDTNB/mgprotein;
OA¼ 0.46e 95% CI 0.26e0.62 nmol DTNB/mg protein; OAE¼ 0.97e

95% CI 0.6e1.35 nmol DTNB/mg protein, P< 0.05).

Discussion

The present study is one of the few investigations that assess the
effects of exercise on osteoarthritic joints in rats. Iodoacetate was
Table II
Metachromasia analyses of femur and tibia articular cartilages

Groups Articular cartilage zones Femur regions

Anterior Centra

Control Superficial þþþ þþþ
Middle þþþ þþþ
Deep þ þ
Calcified þ þ

OA 1, 2 mg Superficial þ þ
Middle þþ þ
Deep þþþ þþþ
Calcified þþþ þþþ

OAE1, 2 mg Superficial þþ þþ
Middle þþ þþ
Deep þþ þ
Calcified þþ þ

(þ) Metachromasia mild; (þþ) metachromasia moderate; (þþþ) metachromasia intens
used to induce OA, according with Guzman23. However, a possible
limitation of this model is the fact that most animal models OA
progresses rapidly, and it is likely that most or all models that have
been studied have limited usefulness as tools for the study of
human OA. Many caveats exist in using MIA models to correlate
human OA with rat OA due to inherited variation, such as the
biomechanical differences between two-legged and four-legged
species. In addition, MIA models mimic the phenotype of OA, but
their similarities to the underlying molecular components of
human disease are typically unknown30.

The histomorphological changes found in tissue slides show
evidence of tissue damage that is characteristic of OA in groups
where OA was induced by intra-articular administration of iodoa-
cetate. The most significant changes were seen in the joint cartilage
of the backs of both the femur and the shinbone, with increased
basophilia, decreased chondrocytes, and fibroblastoid infiltrate, as
Tibia regions

l Posterior Anterior Central Posterior

þþþ þþþ þþ þþþ
þþþ þþ þþ þþþ
þþ þþ þ þþ
þ þ þ þþ
þ þþ þ þþ
þ þ þþ þþ
þþþ þþþ þþþ þþþ
þþþ þþþ þþþ þþþ
þþþ þþþ þþþ þþ
þþ þþþ þþ þþ
þþ þþ þþþ þþþ
þ þþ þþþ þþ

e. CTR¼ control.



Table III
Assessment of structural changes in the knee joint of OARSI OA Cartilage Histopa-
thology Assessment System

Group Slide (animal) Grade Stage Score

Control 554 0 1 0
556 0 1 0
558 0 1 0
560 0 1 0

Mean (range) 0.0 (0e0) 1.0 (1e1) 0.0 (0e0)
OA 562 3 1 3

564 4 1 4
566 2 2 4

Mean (range) 3.0 (2e4)* 1.3 (1e2) 3.7 (3e4)***
OAE 578 1 1 1

582 2 1 2
584 1 1 1
586 2 1 2

Mean (range) 1.5 (1e2)* 1.0 (1e1) 1.5 (1e2)***

ANOVA followed by KruskalleWallis, significantly different, *P¼ 0.0115 and
**P¼ 0.0088.
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well as an evident change of hyaline cartilage to fibrous cartilage
(Fig. 2). These changes are consistent with results of other OA
studies31e34.

The OA group showed a decrease in metachromasia in the
surface and intermediate areas of the joint cartilage, indicating
greater destruction of PGs in this area, similar to the study by Galois
et al.35. However, more intense metachromasia appeared in deep
and calcified areas of this tissue in an attempt to restructure the
matrix of the unaffected cartilaginous tissue (Table II).

In the OAE group, the surface and intermediate areas were
better preserved compared to the OA group, suggesting that exer-
cise may have contributed to preserving the PGs that act as
a mechanical shock absorbing system, especially in joint cartilage.
This preservation was also observed in the study by Roos and
Dahlberg36, in which moderate exercise improved GAG content in
patients at risk for knee OA. Although none of them had high scores
(above 12) in OARSI system, when considering only grade (G1eG6),
OAE group showed an average grade of 1.5, which is considered an
early or mild OA in the OARSI system. In comparison, OA group
presented an average grade of 3 (Table III).

It is possible that the joint cartilage depends on a mechano-
transduction mechanism to maintain homeostasis. According to
Knobloch37, biomechanical signals provide the bridge between
gross morphologic signals and molecular gene expression. The
combination of fluid-flow-generated signals coupled to matrix
mechanotransduction generates a complex series of signaling
cascades and ultimately leads to a biomechanical signal-dependent
transcriptional response38. Gene expression in chondrocytes under
compression is dependent on the magnitude10,15,38, frequency17,
and duration12,13,15,16,38e40 of applied compressive forces.

Our exercise protocol was prepared with the purpose of evalu-
ating the effects of interspersed sessions of aerobic activity with
impact on overload joints, such as osteoarthritic knees of rats. The
intensity of effort reached moderate levels, in agreement with
Table IV
MPO and SOD activities and total thiol content in IALF and joint capsule

Groups MPO (mU/mg protein) SOD

Capsule IALF Caps

Control 73.24 (63e95) 3.61 (1.72e5.41) 3.12
OA 210.59* (135e285) 16.31* (0.17e24) 7.17*
OAE 133.21*,# (98e169) 11.95* (3.15e21) 13.9*

Values are expressed as mean with 95% CIs. The significant difference in relation to cont
Leandro24. It seems that intensity, frequency and duration of
aerobic exercise modulates chondrocyte response in some way,
favoring the preservation of PG content in osteoarthritic joints at
this stage of the disease15, as seen in our study.

Dynamic compression upregulated the expression of genes such
as anabolic ACAN, COL2a1, and TIMP3, while downregulated specific
genes of the matrix metalloproteinase (MMP) family41. Further-
more, cyclic tensile strain could augment cartilage repair by facili-
tating the induction of ACAN mRNA and attenuating IL-1b-induced
suppression of PG synthesis. More importantly, compressive forces
at low magnitudes have been shown to be anti-inflammatory.
These observations suggested that the anti-inflammatory cascade
that was initiated by the application of dynamic tensile forces
persisted despite the cessation of biomechanical stimuli37.

One of the pathways that are regulated in chondrocytes
following mechanical stimulation is the signaling cascade involved
in inflammatory responses37. The nuclear factor (NF)-kB signaling
pathway was considered as a possible link between tensile loading
and chondrocytic responses to proinflammatory cytokines38.
Biomechanical signals are transduced to cells by surface molecules
such as b-integrins and focal adhesion kinases/protein tyrosine 2
kinases41. At lower magnitudes, biomechanical signals inhibit the
nuclear translocation of NF-kB transcription factors and act as
potent inhibitors of IL-1b and TNF-a dependent proinflammatory
gene transcription42e44. Asmentioned by Knobloch38, compressive,
tensile, and shear forces of appropriate low/physiologicmagnitudes
also promote the upregulation of PGs and collagen synthesis, which
are drastically inhibited in inflamed joints. This could explain the
greater preservation of PG content, as observed by more intense
metachromasia on the superficial and intermediate areas of the
joint cartilage in exercised rats in the present study.

Measuring tissue MPO activity is an established method of
quantifying the presence of activated leukocytes (primarily
neutrophils) and inflammatory responses in damaged tissue45e47.
Significant elevations of muscle and tissue MPO activity have been
reported following ischemia-reperfusion injury48 as well as exer-
cise49. According to Morozov50, even moderate-intensity exercise
stimulates blood neutrophil degranulation, although to a lesser
degree. Thus, our results indicate that the OA protocol used in our
study was adequate for inducing higher MPO activity in serum
(data not shown) and specific tissues such as joints. The levels of
MPO in the exercise group may be associated with the response to
training. However, we believe that this is not a significant cause of
tissue damage. Moreover, the link between neutrophil proteins and
exercise stress relates to three specific functions of these proteins.
First, they can improve blood bactericidal potency. Second, they can
activate granulopoiesis in bone marrow and move neutrophils that
are rich in lysosome cationic proteins into the circulation. Finally,
neutrophil cationic proteins may have a regulatory significance50.

According to Pinho and colleagues51, exercise promoted
important changes in antioxidant enzyme activities, reducing
oxidative damage and increasing tissue resistance against free
radicals. We also found increased SOD activity in the joint capsule
of rats with OA that underwent a chronic aerobic training program
with joint impact articulate. This important finding must be
(U/mg protein) Thiol content (nmol DTNB/mg protein)

ule Capsule IALF

(1.88e4.15) 44.21 (32.77e48.62) 1.03 (0.70e1.35)
(4.41e10.58) 13.89* (5.70e22.10) 0.46* (0.26e0.62)
,# (10.22e17.58) 38.65# (34.37e42.92) 0.97# (0.59e1.35)

rol group (*) and in relation to OA group (#); P< 0.05.



D.J. Cifuentes et al. / Osteoarthritis and Cartilage 18 (2010) 1088e1095 1093
highlighted, because it is a common clinical practice to deprive
individuals with hip and knee OA from programs of physical
training, especially those involving impact exercise. Our study
points to a potential therapeutic alternative for people with OA, as
proposed by several studies52,53.

Even moderate exercise may increase ROS production to levels
exceeding the capacity of antioxidant defences54. Specific sources
of ROS during exercise include leakage of electrons from the
mitochondrial electron transport chain, xanthine oxidase reaction,
hemoglobin oxidation and activated neutrophils55,56.

Some studies have shown increases in SOD, Glutathione
peroxidase (GPx) and Catalase (CAT) activities after aerobic exercise
training in young rats57,58.

ROS may modulate antioxidant enzyme activities by regulating
their mRNA levels through activation of signaling pathways59. In
fact, ROS plays a very important role in regulating several cellular
functions, acting as second messengers and activating specific
redox-sensitive transcription factors such as AP-1 and NF-kB60e62.

Higher total thiol content in the OAE group, both in the joint
capsule and the joint lavage, serves as evidence that biomechanical
signals generated during joint movement are essential components
of the cells’ and tissues’ abilities to repair and recover following
physiologic insults, as well as to maintain homeostasis37. Davies63

comments that in nonexhaustive daily training sessions (typical
of endurance exercise training), the generation of free radicals
could be the actual stimulus for exercise adaptation and mito-
chondrial biogenesis. NF-kB can bind to promoter areas for several
hours to days after acute exercise and activate the production of
more than one protective enzyme, thereby playing a very impor-
tant role in against oxidative and radical damage64.

Our group reached the conclusion that aerobic exercise per-
formed on a treadmill (impact activity) can promote histological
and biochemical changes that benefit the joints of rats with OA.
These data indicate that exercise, or more precisely, biomechanical
signals converted into biochemical responses in joint cartilage with
OA, can induce anabolic changes in tissues. This is one of the few
studies to evaluate the effects of low-impact physical training on
OA in rats.
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