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ABSTRACT

Introduction: The initial inflammatory events of rheumatoid arthritis (RA) denote a synovitis process. An inflammatory
cascade affects the synovial fluid, synovial membrane, joint cartilage and bone tissue. The maintenance of joint tissue in
the disease is aimed at self-management of the joint, as treatment physical exercise can assist in inflammatory modulation.
The objective of the study was to evaluate the effects of exercise on the joint tissue of rats submitted to experimental

rheumatoid arthritis.

Materials and Methods: 64 male Wistar rats were divided into two acute and chronic inflammatory periods, and
subdivided into four groups: CG: control group, CEG: exercise control group, GL: injury group and LEG: exercise injury
group. The animals were submitted to rheumatoid arthritis simulation after two inoculations containing Freund Complete
Adjuvant (CFA), one intradermal and one at the tibiofemoral joint. As a treatment protocol, the animals of CEG and LEG
were submitted to climbing exercise on stairs with an overload of 100 grams coupled to the tail of the animal. The

morphological aspects of the knee joint were analyzed.

Results: It was verified that the animals of CG and LEG showed normal parameters of the articular cartilage of femur and
tibia, synovial membrane and bone periarticular region. The LG animals presented histological alterations characteristic
of inflammatory process and tissue degeneration. The animals of LEG, treated with exercise denote remodeling of joint

tissue.

Conclusions: It is concluded that exercise shows beneficial effects of tissue recovery of the knee joint and periarticular bone
tissue of rats submitted to an experimental rheumatoid arthritis model.
Keywords: Rheumatoid Arthritis; Morphology; Rehabilitation; Exercise.

Introduction

Rheumatoid arthritis (RA) is classified as an
inflammatory disease with a pronounced algic picture
which results in limited physical functioning. In
addition to the symptoms of joint inflammation, fatigue
and malaise can be associated with'. Due to pain and
recurrence of symptoms, the individual with RA tends
to avoid physical exercise, leading to reduced muscle
strength, aerobic capacity and inactivity?.

The initial inflammatory events of the disease
denote a synovitis process. An inflammatory cascade
affects the synovial fluid, and cytokines migrate to the
synovial membrane that responds to the process with
cell hyperplasia, joint cartilage showing erosions and
altered periarticular bone tissue®*. The loss of joint
cartilage in the RA is evident with narrowing of the
joint space, thus favoring the loss of joint functional
capacity’.

The lesions that occur in the RA, a systemic
autoimmune disease, have as signs the destructive and
chronic synovitis, with degradation of diarthrodial
joints. Animal models that can simulate the aspects
of RA pathogenesis in humans are an important tool
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in the investigation of the harmful mechanisms and
possible rehabilitative actions®.

The treatment of the RA is composed of behavioral
therapies, in order to promote self-management of
joint protection, together with the pharmacological
approach. Physical exercise is a therapeutic
modality used for treatment and prevention of joint
degeneration®. The restriction of physical exercise to
individuals with RA is related to worsening of joint
symptoms, in this sense, the practice is related to
the improvement of functionality and control of the
evolution of the disease. In addition, exercise helps
to maintain movement, promotes reduction of joint
stiffness, improves intra-articular synovial fluid, thus
promoting cartilage nutrition and regeneration of this
structure'.

The effects of exercise on functional recovery and
control of migration of inflammatory cells in the RA
are known®, but little is known about the actions of
exercise and treatment parameters in the joint tissue
qualitatively in acute and chronic periods of the
disease. Given the above, the objective of the study was
to evaluate the effects of exercise on the joint tissue of
rats submitted to experimental rheumatoid arthritis.
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Materials and Methods

Animals

The study is characterized as experimental and
randomized, composed of 64 male Wistar rats, aged
15 weeks, weight 250+19 grams, kept in polypropylene
plastic boxes, with access to water and ad libitum
feed, controlled temperature at 21°C+1°, photo light/
dark period of 12 hours. This study was approved by
the Ethics Committee on Animal Use (CEUA) of the
State University of Western Parana.

After one week of acclimatization, the animals
were randomly separated in two experimental
inflammatory periods: acute with 7 days of
inflammation, and chronic 28 days. In each group
32 animals were randomized and subdivided into
4 subgroups with n=8. These were the animals: CG:
control group, LG: injury group, CEG: exercise control
group and LEG: exercise injury group (Figure 1).
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Figure 1. Schematization of sample groups.
Source: Author

Drugs and reagentes

The following substances were used: Freund
Complete Adjuvant (CFA) containing Mycobacterium
butyricum (0.5 mg/ml, Difco®), isotonic solution of
sodium chloride (0.9%, Aster®), iodinated alcohol (1%,
Rialcool®), ketamine hydrochloride (Ketalar - Brazil, 95
mg/Kg), xylazine (Xilazin - Brazil, 12 mg/Kg).

Experimental procedure

The animals were inoculated with two specific
reagents, the first by intradermal injection at the
base of the tail containing 50 pl CFA for the LG and
LEG groups, and sodium chloride for the CG and
CEG animals. Pre-sensitization is the first systemic
contact of the bacterium with the animal's immune
system. The administration area of the substance
was trichotomized and submitted to asepsis of the
injection site with iodinated alcohol. The substance
was then administered with the aid of a 1 ml syringe
and 13x4.5 mm needle.

The second inoculation consists of an intra-
articular injection, performed in the tibiofemoral joint
seven days after the intradermal injection. For this, the
animals were submitted to trichotomy of the anterior
face of the right knee, in triple flexion positioning of
the right pelvic limb to apply the substance intra-
articularly.
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Treatment protocol

As a treatment protocol, the resisted climbing
exercise on stairs was adopted. The animals of CEG
and LEG were adapted to the ladder prior to the start
of the experiment. A vertical wooden ladder was used,
with 67 iron steps, height 1.18 m, width 20.5 cm and
inclination 60°. At the top of the staircase, a 20x20 cm
high and wide box was positioned, with the purpose
of resting the animals in the intervals between the
series.

For the animals of the acute inflammatory period,
we used a 4-day treatment protocol on interspersed
days, with 4 series of 5 rises and a 60-second interval
between the series, and an overload of 100 grams
adapted to the animals' tails. The beginning of
treatment was 24 hours after intra-articular injection.

The animals of the chronic inflammatory period,
in the first week performed 4 series of 5 rises, with
interval and overload equal to the acute group,
however there was an increase in the rise overload
during the experiment, in the second week 4 series of
7 rises, and the last week 4 series of 10 rises, totaling
14 days of treatment.

Morphological analysis

After the experimental period, the animals of the
acute group - 7 days, and chronic - 28 days, were
submitted to euthanasia, previously anesthetized
with intraperitoneal injection of ketamine and
xylazine hydrochloride. After verifying the state of
consciousness of the animal observed by the absence
of motor response to tail clamping and interdigital
folds, the right knee joints were dissected and
reduced and fixed in Metacarn (70% methanol, 20%
chloroform, 10% glacial acetic acid) for 48 hours.
After the pieces were fixed in 70% alcohol for 15 days.

Tricloroacetic acid 5% for 7 days was used to descale
the material. The material followed the routine
histological procedure for paraffin inclusion. Slices
in the sagittal plane were obtained using Olympus
CUT 4055 microtome, 7 pm thick, mounted on glass
slides and stained with hematoxylin and eosin. The
slides were analyzed under light microscope and
photomicrographed under Olympus® DP71 (USA) and
analyzed in the morphological aspects of the articular
cartilage, synovial membrane and periarticular bone
tissue corresponding to the periosteum region of the
femur and tibia, right pelvic limb.

Ethical aspects

All experiments were conducted following the
ethical precepts defined by the International
Association for the Study of Pain (IASP, 1983), and
approved by the Unioeste CEUA. Every effort was
made to minimize the number of rats used in the
experiment.
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Results

The knee joints of CG and CEG in the acute and
chronic periods, showed characteristic morphology
with the joint cartilage presenting smooth surface and
organized in four normal cell layers in femur (Figure
2. A, B), and tibia (Figure 3. A, B) in the surface area
showed higher cell density, clustered chondrocytes
in horizontal positioning with a flat aspect. The
intermediate zone denotes cells with a rounded
pattern, isolated or in isogenic groups. In the region of
the deep zone, a basophilic - tidemark line separates
the calcified zone, with the cells organized in gaps.

In the LG animals, it is noted that the CFA-induced

Effects of Exercise on The Knee Joint in an Experimental Rheumatoid Arthritis Model

subchondral bone.

In LEG animals (Figure 2. E, F), (Figure 3. E, F),
submitted to injury and treated with physical exercise,
areas with greater joint cartilage thickness were
found in acute femur period, whereas the animals of
the chronic inflammatory period show morphological
similarities with CG with tissue reorganization.

The CG synovial membrane (Figure 4. A and B), acute
and chronic groups also presented with normal, two to
three cell layers in the intima synovialis, and subintima
with a predominance of adipose cells and unchanged
blood vessels.

In animals belonging to the GL (Figure 4. C and D),

FEMUR CARTILAGE

TIBIA CARTILAGE

ACUTE

CHRONIC

Figure 2. Photomicrographs of femoral joint cartilage, acute and chronic
inflammatory periods.

Sagittal cut, hematoxylin and eosin stain in 1 magnification. CG (A, B) show
normal aspects of joint cartilage (Ca), presence of tidemark (arrow), normal
cellular organization (arrow filled) with higher density of chondrocytes in the
surface area, subchondral bone (0s), blood vessels (Vs) with normal aspects,
joint cavity (star) without inflammatory infiltration. In LG (C, D), changes in
joint cartilage (Ca), discontinuity of tidemark (dotted arrow), invagination of
subchondral bone (asterisk) and flocculations on the surface of the cartilage
(arrow). The GLE in the acute group (E) is noted greater thickness of the
cartilage, in the chronic inflammatory period (F), the joint cartilage shows
similarities with GC and tissue reorganization.

arthritis model had an effect on morphological
changes in the femur, and tibia (Figure 2. C and D) and
(Figure 3. C and D). Areas of thinner joint cartilage
were found, verified with greater evidence in tibia,
areas of flocculation, especially in the acute femur
and tibia chronic group, discontinuity of the tidemark,
cells arranged irregularly, greater invagination of
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Figure 3. Photomicrographs of tibial joint cartilage, acute and chronic
inflammatory periods.

Sagittal cut, hematoxylin and eosin stain in 1 magnification. CG (A, B) show
normal aspects of joint cartilage (Ca), presence of tidemark (arrow), normal
cellular organization (arrow filled) with higher density of chondrocytes in the
surface area, subchondral bone (0s), blood vessels (Vs) with normal aspects,
joint cavity (star) without inflammatory infiltration. In LG (C, D), changes in
joint cartilage (Ca), with less thickness of cartilage in both acute and chronic
group, discontinuity of tidemark (dotted arrow), invagination of subchondral
bone (asterisk) and flocculations on the surface of the cartilage (arrow). The
LEG (E, F), note that the joint cartilage has similarities with CG and tissue
reorganization.

the tissue denotes an intense inflammatory process
with thickening of the synovial intima, disorganized in
respect to the epithelial distribution of the synovocytes,
substitution of fatty to fibrous connective tissue.

The animals treated with exercise (LEG) (Figure 4.
E, F), the synovial membrane, the intima remained
fibrous while the subintima presented a slight tissue
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SYNOVIAL MEMBRANE

Figure 4. Photomicrographs of the synovial membrane acute and chronic
inflammatory periods.

Sagittal cut, hematoxylin and eosin staining in 1 magnification. CG (A, B) shows
normal aspects of the synovial membrane organized in two layers, the intima
synovial (arrow), subintima organized with the presence of adipocytes (Ad), joint
cavity (star) without inflammatory infiltration. In LG (C, D) inflammatory process
tissue with thickening of the synovial intima and replacement of fat tissue by
fibrous tissue in the subintima (asterisk). The animals of the LEG (E, F) intima
synovial fibrous (arrow) with slight tissue recovery in the subintima and presence
of adipocytes (Ad).

organization with little adipose tissue.

In the analysis of the periarticular bone region in
femur (Figure 5) and tibia (Figure 6), the CG animals
(A, B) denote normal aspects of bone tissue, with
periosteum in its osteogenic and fibrous layers, and in
the bone matrix there are no alterations in the blood
vessels.

In the LG animals (C, D) morphological aspects
characteristic of the inflammatory process are
observed, with the presence of inflammatory cells,
changes in the compact bone in the bone matrix to
be characteristic of cancellous bone, gaps between
the layers of the periosteum, and gaps in the bone
matrix region in both femurs and tibia during the two
inflammatory periods analyzed, with greater evidence
in the femur acute group.

The LEG animals (E, F) presented morphological
aspects similar to CG, showing bone remodeling,
with repair of the bone matrix region, filling the gaps
between the fibrous and osteogenic layers of the
periosteum.
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FEMUR BONE

CHRONIC

Figure 5. Photomicrographs of the periarticular femur, acute and chronic
inflammatory periods.

Longitudinal cut, hematoxylin and eosin staining in 1 magnification. CG (A, B)
denote normal aspects of bone tissue, periosteum in its osteogenic (Poo) and
fibrous (Pof) layers, and bone matrix (Mo) with presence of blood vessels (Vs).
LG (C, D), the presence of inflammatory cells and modification of the compact
bone to characteristic of cancellous bone (asterisk), gaps in the bone matrix with
greater evidence in femur acute group. In LEG (E, F) the animals denote bone
tissue remodeling.

TIBIA BONE

ACUTE CHRONIC

Figure 6. Photomicrographs of the tibia periarticular region, acute and chronic inflammatory periods.

Longitudinal cut, hematoxylin and eosin staining in 1 magnification. CG (A, B) denote normal aspects of bone tissue, periosteum in its osteogenic (Poo) and fibrous
(Pof) layers, and bone matrix (Mo) with presence of blood vessels (Vs). LG (C, D), the presence of inflammatory cells and modification of the compact bone to
characteristic of cancellous bone (asterisk) were found. In LEG (E, F) the animals show bone tissue remodeling with greater evidence in animals of the chronic group.
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Discussion

In the present study, it was found that the
experimental model of HR induction using two CFA
inoculations containing Mycobacterium butyricum
alters the morphological aspects of the knee joint
tissue of rats. Induction of RA in animals simulates
the inflammatory signs that occur in humans, among
them joint swelling, infiltration of inflammatory cells,
hypersensitivity and histopathological changes®™*,
that could be checked on the LG animals.

In the development of RA, initially the inflammatory
process reaches the synovial membrane, denoting
cellular hyperplasia, and evolves to tissue fibrosis®. In
the present study, the LG animals presented synovitis,
thickening of the intima and subintima layers and
replacement of fatty to fibrous connective tissue in
both the acute and chronic inflammatory periods
were evidenced. Joint stiffness and reduced range of
motion, due to less weight support as a result of the
lesion, may be responsible for membrane thickening™.
The animals treated in the LEG note discreet tissue
organization although they still resembled LG.

Physical exercise stimulates joint movement and the
mechanical stress that the cartilage absorbs, playing a
beneficial role in cartilaginous metabolism. Adequate
exercise levels act by stimulating angiogenesis, growth
factors and production of type II collagen, and the
reduction of exercise load is related to atrophy and
disease progression in histological aspects'®. In the
present study, the animals treated with physical
exercise showed restoration of morphological
aspects in the articular cartilage, evidenced with
more emphasis in the chronic inflammatory period
of the disease. Movement restoration reduces joint
stiffness promoting joint cartilage nutrition and
consequent regeneration of this structure due to the
chondroprotective effect exerted by physical exercise™.

Lange et al. postulate that an exercise program of
moderate to high intensity with adequate orientation
effectively improves the physical fitness of the
individual with respect to aerobic capacity, muscle
endurance, strength and dynamic balance in patients
with RA®. The articular cartilage of LEG animals
in the acute inflammatory period presents tissue
remodeling and increased joint cartilage thickness.
The relationship between physical activity and
cartilage thickness results from the mechanism of
mechanocellular transduction, due to the load the
cartilage cells respond with increased proteoglycan,
which favors the cartilage swelling .
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