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ABSTRACT

INTRODUCTION: Although rheumatoid arthritis (RA) is primarily a chronic inflammatory autoimmune disease which affects the synovial
joints, it has profound effects on bone remodeling characterized by increase osteoclastic activity, and a negative balance of bone formation and
resorption. A strong correlation has been reported between RA and periodontitis with subsequent alveolar bone resorption. As a potent anti-
inflammatory mediator, fish oil rich in omega-3 polyunsaturated fatty acids (n-3 PUFA) has demonstrated beneficial actions in various
inflammatory conditions including RA and cardiovascular disease. High intakes of n-3 PUFA provide symptomatic relief and reduce the doses
of anti-inflammatory drugs needed to control the RA symptoms.

OBJECTIVES: To evaluate the biological effect of fish oil on alveolar bone of rats with induced rheumatoid arthritis.

MATERIALS AND METHODS: Twenty one male albino rats were used in this study. The rats were divided into 3 groups 7 rats each. Group
I: control group, Group II: RA induced group and Group III: RA induced group + fish oil. Rheumatoid arthritis induction was done by single
subcutaneous injection of Freund's complete adjuvant. Fish oil was orally gavaged daily till the end of the experiment. Laboratory investigations
were performed twice, after RA induction and at the end of the experiment. Effect of fish oil on alveolar bone of rats was assessed histologically
and ultrastructurely in the different groups.

RESULTS: Remarkable improvement in the histology and the ultrastructure of the alveolar bone of rats in Group III was observed. Moreover,
hematological values revealed significant decrease in the inflammatory condition of rats with induced RA after fish oil treatment.
CONCLUSION: Rheumatoid arthritis is an important risk factor for alveolar bone loss. The treatment of the RA induced rats with fish oil not
only prevented the alveolar bone resorption and stimulated new bone formation, but also. reduced relatively the level of rheumatoid factor in

the blood.
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INTRODUCTION

Rheumatoid arthritis. (RA) is a chronic, systemic, immune-
mediated inflammatory disease associated with decreased
life expectancy and quality of life. RA is characterized by
chronic inflammation and synovial hyperplasia leading to
destruction of cartilage and bone (1).

The diagnosis of RA is primarily clinically, where the
typical presentation is pain, stiffness, and swelling. of
multiple joints in a bilateral and symmetric pattern (2).
Initial laboratory tests should include<a complete blood
count, rheumatoid factor (present in about 80% of cases of
RA) and erythrocyte sedimentation rate (ESR, a blood
marker of inflammation) (3).

Rheumatoid arthritis synovial fluid has been shown to
contain a wide range of molecules including
proinflammatory cytokines (Interleukin; IL-1p, IL-6, IL-18
and Tumor necrosis factor; TNF-a,), chemokines such as
(IL-8, interferon gamma-induced protein (IP-10), monocyte
chemoattractant  protein  I(MCP-1) and  matrix
metalloprotinases MMPs (MMP-1,-3,-9 and -13). This
complex interaction causes a cycle of proinflammatory
signals resulting in chronic and persistent inflammation (4).

Rheumatoid arthritis synovial tissues also exhibit an
increases ratio of Receptor activator of NK-kappa ligand/
osteoprotegrin  (RANKL/OPG) mRNA  expression,
indicating
the domination of pro-osteoclastogenic conditions within
the microenvironment of the RA joint, which contribute to
the focal bone erosions and periarticular bone loss (5).

Bone involvement typically observed in RA is
represented by generalized osteoporosis and localized bone
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loss. Extracellular matrix degradation is a hallmark of RA
which is responsible for the typical destruction of cartilage,
ligaments, tendons and bone. Bone loss associated with RA
usually converges toward an alteration of bone remodeling
processes characterized by the increase of osteoclast
activity, with a negative balance of bone formation and
resorption (6).

Rheumatoid arthritis is reproduced in rats either by
immunization with type II collagen or by complete Freund
adjuvant injections. Adjuvant arthritis induced by
administration in rats has been shown to be similar in many
aspects of human rheumatoid arthritis and is used as a model
for studying the evolution of the pathological process and
the effectiveness of the components that present anti-
inflammatory and antirheumatic activity (7).

Several studies have suggested a relationship between
periodontitis and RA; where the latter may have a negative
impact on periodontal condition and vice versa. There is a
significantly high prevalence of moderate to severe
periodontitis in individuals with rheumatoid arthritis (8-10).

Essential fatty acids are critical for the growth and
division of all cells and the formation of healthy cell
membranes. They are also necessary for the proper
development and function of the brain and nervous system
1n).

Fish oil is a key provider of health-beneficial omega-3
long chain polyunsaturated fatty acids. It also contains small
concentrations of dietary-derived vitamin E which plays an
important role in preventing PUFA oxidation (12).

The beneficial actions of dietary n-3 PUFA
supplementation ~ were  demonstrated in  various
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inflammatory conditions in humans including rheumatoid
arthritis, cardiovascular disease, and inflammatory bowel
disease and in a wide variety of animal models of
inflammatory disease (13-14).

Patients with recent-onset or more established RA
achieve better disease control when anti-inflammatory
doses of fish oil are co-administered with appropriate
intensive combination disease-modifying anti-rheumatic
drug (DMARD) therapy (15). Moreover, several
investigators have reported that rheumatoid arthritis
patients consuming n—3 dietary supplements were able to
lower or discontinue their background doses of non-
steroidal anti-inflammatory drugs or disease-modifying
anti-rheumatic drugs (16).

The supplement fish oil diet is effective in modulating
alveolar bone resorption following P. gingivalis infection,
and can be a useful adjunct in the treatment of periodontal
disease (17). It causes decrease in osteoclast activation in
vitro (18). It is believed that bioactive products derived
from omega-3 fatty acids, including docosahexaenoic acid
(DHA) and eicosapentaenoic acid (EPA), conferred
dramatic protection against inflammation-induced tissue
and bone loss associated with periodontitis in the
experimental models (19).

This work was carried out to evaluate the effect of fish oil
on the structure of alveolar bone of rats with induced RA.

MATERIALS AND METHODS

Twenty one male albino rats weighing about 200-250 grams
were used in this study. The guidelines for the care and use
of experimental animals were followed according to the
Institute of Medical Research, Alexandria University from
where the animals were obtained and the work was done.
Rats were divided into 3 groups 7 rats each.

Group I: Control group. Rats were injected with vehicle
(citrate buffer) to control the influence of any injection
stress or buffer-induced effects on the animals. Group II:
RA induced group. Rats were subcutaneously injected once
by 0.1 ml of Freund's complete adjuvant (FCA) into the
posterior paw of rats in group 11 & III (20). Group 11I: RA
induced group + fish oil. Fish oil was supplied at 40 mg/kg
orally gavaged daily starting after RA induction (day 10
from FCA injection) till the day of scarification (21).

Clinically, the injected posterior paws of rats in the
different groups were observed before and after fish oil
treatment.

Laboratory investigations including RBCs and WBCs,
erythrocyte sedimentation rate (ESR) and rheumatoid factor
were detected in the three groups after 9 days from RA
induction and before scarification (22).

Rats were sacrificed after 5 weeks from the start of the
fish oil administration. For light microscopic examination,
the right halves of the mandibles were fixed in 10% neutral
formalin  saline, decalcified, washed, dehydrated,
embedded, and then cut and stained with Haematoxylin and
Eosin stain (23). Whereas the left halves of the mandibles,
were fixed in gluteraldehyde to be prepared for scanning
electron microscopy (24).

Statistical analysis of the hematological values was
analyzed using IBM SPSS software package version 20.0.
ANOVA was used for comparing the three studied groups
for normally distributed quantitative variables, while Paired
t-test was assessed for comparison between different
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periods. Significance of the obtained results was judged at
the 5% level (25).

RESULTS

1. Clinical observation

Before fish oil treatment, posterior paws of rats of groups II
and III showed obvious inflammatory signs like redness,
inflammation and stiffness. While after fish oil treatment, at
the end of the experimental period, persistent inflammatory
signs were observed in rats of group II, while a remarkable
improvement was seen in group III, where there were no
signs of redness nor swelling.

2. Laboratory investigation results

Table 1 showed the comparison among the three animal
groups as regard different parameters including red blood
cells (RBCs), white blood cells (WBCs), 1%t and 2" readings
of <the erythrocyte sedimentation rate (ESR), and
rheumatoid factor (RF). Blood samples were obtained after
RA induction, while 'Before' and 'After' indicate the timing
of taking the samples before and after fish oil treatment. The
result indicated that the differences among the three animal
groups were statistically significant (P values < 0.05) as
regards all different parameters before and after fish oil
treatment.

3. Histological and ultrastructure results

Group I: Control group

The overall histological features of the alveolar bone in this
control group showed normal bone structure. The alveolar
bone revealed a smooth, regular and uniform surface
traversed at different intervals by Volkman's canals that carry
the neurovascular supply from the PDL to the alveolar bone.
Continuous osteoblast lining either flattened or plump, was
seen along most of the bone surface. Deeply stained parallel
resting lines indicating continuous bone formation was
clearly seen in most of the examined samples. There were
highly cellularmarrow spaces present between the thick bone
trabeculae lined by flat bone-lining cells along their endosteal
surface. Uniform thickness of PDL fiber bundles was noticed
between the alveolar bone proper and root cementum along
the length of the root (Fig. 1).

Concerning the scanning electron microscopic results, the
surface topography of the buccal cortical plate of alveolar
bone at the mandiblular region showed generalized smooth
bone surface with different sizes of nutritive canals showing
regular intact borders (Fig. 2).

Group II: Rheumatoid arthritis induced group (RA
induced group)

Examination by the light microscope revealed a generalized
irregular alveolar bone surface indicating bone resorption. The
resorptive lacunae with or without osteoclasts were noticed
along the alveolar bone surface from the cervical region
downward passing by the middle and apical regions. Deeply
stained reversal scalloped lines were seen within bone
trabeculae. Disorganization and relative thickening in the PDL
fibers could also be observed along the root length (Fig. 3).
Ultrastructurally, Bone topography of this group revealed
rough irregular surface showing areas of multiple resorptive
pits and craters. Small nutritive canals were also observed on
the irregular bone surface (Fig. 4).

Group III: Rheumatoid arthritis induced group and fish
oil (RA induced group + fish oil)

The administration of fish oil to the rats with rheumatoid
arthritis  induction  demonstrated a  recognizable
improvement to some extent in the state and histological
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structure of the alveolar bone. The alveolar bone regained
its smooth regular surface with the absence of the resorptive
lacunae and osteoclasts as well. The insertion of Sharpey's
fibers as thick collagen bundles inside the alveolar bone was
clearly evident. There was a relative decrease in the number
of osteocytes embedded within bony trabeculae and also an
insignificant presence of reversal lines was detected. On the
contrary, noticeable resting lines were seen (Fig.5).
Regarding the scanning electron microscopic results, the
surface characteristics revealed smooth and homogenous
surface with numerous nutritive canals showing well
defined regular borders compared to the previous group (Fig
6).
Table (1): Comparison between the different animal groups
according to different parameters before and after fish oil
treatment.

N Control Rheumatoid ~ Rheumatoid+ fishoil p
RBC
Before 7 491402 279" +0.23 2718023 <0.000"
After 7 45F2016 4281050 48091034 0005
WBC
Before 7 60429414684  970704°154653  §7429°+14293  <0.001"
After T ATIAFE1EM 41443839 102286° 4462 0.003"
ESR1*
Before 7 243°+053 543199 52004221 0.007"
After 7 2434053 19578162 686°£090  <0.001"
ESR 2
Befoe 7 471049 11571 £336 1157346 <0.001"
After 7 443°:0.79 41578276 1L71°£229 <0001
RF
Before 7 0.77 +0.36 606" +137 640°£076  <0.001"
After 7 093+ 0.11 Be¥e149 23092068 <0000

Normally quantitative data was expressed in mean 2 SI¥and was compared using ANOVA test
Different superscripts in the raw are siatistically signifieant

@: Significant between before and after m cach group

*: Statistically significant at p < .05

a, b and c: different letters denote statissically sigmificant differences.

DISCUSSION

Bone resorption is a key factor of RA where there is a
disturbance in the balance between- bone resorption by
osteoclasts and bone formation by osteoblasts (6). Adjuvant
arthritis induced by administration in rats has been shown
to be similar in many aspects of RA and is often used as a
model for studying the evolution of the pathological process
and the effectiveness of the components that present anti-
inflammatory and antirheumatic activity (26).

The histological results of the present study showed
resorbed irregular alveolar bone surface at the molar region
of rats due to RA induction. The alveolar bone surface was
characterized with some multinucleated giant cells
(osteoclasts) housed in saucer shaped Howship's lacunae
that was the result of their own resorptive activity.

This result was in agreement with Aizer et al in 2009,
who stated that the chronic synovial inflammation in RA
can promote osteoclastogenesis, leading directly to both
focal and generalized bone loss and increased risk of
fractures (27). The result also was consistent with another
study involving alveolar bone made by Park et al, in 2011
who reported the increased osteoclastic activity, decreased
bone-forming activity and enhanced adipogenesis promote
alveolar bone loss in an induced arthritis model in mice, and
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suggested that these mechanisms could account for the same
outcome in human RA (28).

Figurel: Light micrograph [control group] showing smooth
regular bone surface along the cervical, middle and apical regions
(arrows) with continuous osteoblast lining along bone surface.
Deeply stained, well demarcated parallel resting lines were clearly
observed (arrow heads). Note the highly cellular bone marrow
spaces (asterisk). (X100 H&E)

Figure 2: Scanning electron micrograph [control group] of buccal
cortical plate showing generalized smooth surface topography
with different sizes of nutritive canals (black arrows). (x750)

As the relationship between inflammation and bone loss
has been clearly established in many clinical and
experimental models (29,30). Thus, the control of
inflammation appears to be one of the most important
strategies for prevention of bone loss in RA (31).

In the present study, fish oil was used to evaluate its anti-
inflammatory effect on the molar region of alveolar bone of
RA induced rats. Clinical observations of the injected
posterior paws of rats in the different groups in the present
study revealed noticeable improvement in the inflammatory
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signs in group III after fish oil treatment which was
manifested by the disappearance of redness and swelling.
These observations were further confirmed by the
laboratory investigation results that showed the therapeutic
effect of fish oil on the RA induce rats which were
represented by the decrease of the rheumatoid factor and the
relative decrease in the erythrocyte sedimentation rate
(ESR) and WBC count.

Figure 3: Light micrograph [Rh induced group] showing irregular
bone surface (black arrows) with many reversal lines (arrow
heads). Note the multinucleated osteoclast (white arrow) (X100
H&E)

Figure 4: Scanning electron micrograph [RA induced group] of
buccal cortical plate showing generalized resorbred irregular bone
surface topography with multiple pits and craters. (x750)
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Figure 5: Light micrograph [Rh induced group and fish oil B-III]
showing the smooth alveolar bone surface along the alveolar bone
with a continuous, osteoblast lining (black arrows). Note thick
Sharpey's fibers insertion in bone (arrow heads). (X100 H&E)

Figure 6: Scanning electron micrograph [RA induced group and
fish oil] of buccal cortical plate showing generalized relatively
smooth and regular bone surface with numerous nutritive canals
(black arrows) (x750)

The results of the present study agreed with the improved
clinical outcomes of Bahadori and colleagues in 2010 that
were reported with the use of fish oil or n-3 PUFA in
patients with RA (32). These findings were also in
agreement with that of Ruggiero et al, in 2009 who reported
more convincing data that supported the efficacy of omega-
3 PUFA in reducing pain, number of tender joints, duration
of morning stiffness, use of non-steroidal anti-inflammatory

179



Elkazzaz et al.

drugs and improving physical performance in RA patients
(33).

Alam et al, studied the effects of dietary fats on the
inflammatory mediators in the alveolar bone. They found
that these types of dietary lipids had a profound influence
on the fatty acid composition of bone lipids. The
arachidonic acid concentrations were significantly lower in
the total phospholipids of the mandibles and maxillae of rats
fed on the fish oil diets than in those fed with the control
diet. Arachidonic acid is a precursor of prostaglandin E2
and leukotriene C4, a significant reduction in its
concentration may result in reduced levels of these
eicosanoids in the alveolar bone (34).

In addition, previous studies showed that omega-3 fatty
acid-derived lipid mediators, known as resolvins and
protectins, may play an important role in resolving
inflammation since they have potent anti-inflammatory
properties. These both mediators also inhibit inflammation-
induced bone resorption and directly modulate osteoclast
differentiation and prevent bone resorption (35-37).

Several studies have reported that n-3 PUFA
eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA) abundant in fatty fish oils are known to have
significant anti-inflammatory properties and positive effects
on bone metabolism, possibly via suppressing pro-
inflammatory mediators like prostaglandin<E2 (PGE2),
interleukins IL-1, IL-6 and tumor necrosis factor TNF-a,
which are known to promote osteoclastogenesis and
increase bone loss (38,39).

CONCLUSION

Proper nutrition plays a vital role in the well-being of a
person. Fish oil rich in omega-3 fatty acids have a proven
role in resolving inflammation. Not only the lack of serious
side effects and the positive health benefits of fish oil, but
also its remarkable therapeutic effect proven from this study
in case of rheumatoid arthritis induced rats, it should be
considered as an acceptable approach for most arthritic
individuals.
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