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on endothelial reactivity and some markers of endothelial dysfunction [Vascular cell
(VCAM-1), (TNF-a),
Malondialdehyde (MDA) and NOS activity] in a rat model of rheumatoid arthritis. Material

adhesion  molecule-1 tumour necrosis factor alpha
& methods: Thirty male rats were divided into 3 groups (control, untreated RA, and RA
group with omega-3 supplementation). RA induction was done by intradermal injection of
heat-killed Mycobacterium butyricum and was confirmed by clinical signs of arthritis on day
11. In the treated group, omega-3 was given daily via gastric gavage starting from day 11
until the end of the study. The study duration was 30 days for all groups starting from the day
of induction. At the end of the study, rats were sacrificed, blood samples were collected for
VACM-1, TNF-0, MDA and nitrite measurement and thoracic aortaec were taken to test
vascular reactivity. Results: All markers increased while vascular reactivity decreased
significantly after RA induction. Omega-3 treatment significantly decreased all biochemical

markers and restored normal vascular reactivity in the treated group.
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INTRODUCTION

Rheumatoid arthritis (RA) is the commonest
chronic systemic autoimmune disease. It is
characterized by persistent synovitis, systemic
inflammation, and extra-articular manifestations.
Due to the presence of multiple treatment options,
RA is no longer considered as a life-threatening
condition. However, cardiovascular mortality
(ischemic heart disease, strokes) represents the
cause of death among 50% of RA patients.”®) The
cause for increased cardiovascular diseases in RA
patients is the endothelial dysfunction (ED)
accompanying the disease. ED is a preclinical
marker for abnormalities of vascular function and
structure. ED induces reduced vasodilatation, pro-
inflammatory status, and prothrombotic properties.
G- 4 Precise identification of the pathophysiology
of ED in RA is mandatory for the discovery of
therapeutic interventions to decrease CV risk in
RA patients especially if intervention is started
early during the reversible ED stage.

Oxidative stress and chronic inflammation are
claimed to have an important role in this ED
associating RA. Chronic inflammatory diseases are
usually linked with increased oxidative stress that
plays an important role in disease activity. © In
addition, pro-inflammatory mediators such as
interleukin-1 beta (IL-1B) and tumor necrosis
factor-o. (TNF-a) play an essential role as the
vascular endothelium is an important target for
TNF-a. © Also, endothelial cell adhesion
molecules, especially vascular cell adhesion
molecule-1 (VCAM-1) have an important role in
ED. They are expressed at the surface of the
endothelial cells and bind leukocyte-specific

receptors, leading to increased affinity of

leukocytes to the endothelial surface and
eventually increased transendothelial migration. 7
Change in endothelial nitric oxide (NO)
bioavailability is suggested to contribute in
endothelial dysfunction in RA patients. Indeed,
changes in endothelial nitric oxide synthase
(eNOS) and inducible nitric oxide synthase (iNOS)
activity may be considered as  key
pathophysiological mechanisms. &

Due to the high mortality rate from vascular
complications in RA patients, it is necessary to pay
close attention to the therapeutic options for these
complications. ¥ One of the promising drugs in
this field is omega-3 fatty acids. Omega-3
polyunsaturated fatty acids (PUFAs) are essential
fatty acids that have potent immune-modulatory
activities. Many studies have demonstrated
that omega-3 have a variety of bioactive actions
such as anti-inflammatory properties (! 12,
antioxidant effects (% 'Y and improvement of
endothelial function. > '© However, the effects of
omega-3 in endothelial dysfunction in RA disease
are not completely understood especially during
the acute stage of the disecase during which the
endothelial dysfunction is the only present
cardiovascular event and is reversible before actual
occurrence of cardiovascular complications
(hypertension and atherosclerosis). This study
aimed to study the effect of induction of RA in a
rat model on vascular reactivity, serum
malonaldehyde (MDA), TNF-a, VCAM-1, nitrite (
as a marker for NOS activity) and to evaluate the
effect of omega-3 treatment on the same

parameters.
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MATERIAL AND METHODS:

Experimental animals:

Thirty adult male albino Wistar rats weighing 125-
150 grams were used in this study. Rats were
purchased from and housed in the Medical
physiology department, Faculty of Medicine,
Alexandria University, Egypt. They were Kkept in
clean wire mesh cages with free access to a
regular chow meal and tap water under
conventional boarding conditions. Rats were
selected carefully free of gait disturbance, swollen
joints, or paws. The experimental procedures were
conducted in accordance with the Guide for the
Care and Use of Laboratory Animals (8th edition,
National Academies Press) and were approved by
Research Ethics Committee, Alexandria Faculty of
Medicine (IRB code 00012098- FWA: No.
00018699; membership in International Council of
Laboratory Animal science organization ICLAS).
The serial registration number of this study  is
0304028.

Study design:

After acclimatization for one week, rats
were divided randomly into three groups 10 rats
each.

Group I: control group (negative control)

Group II: RA induced group (positive

control)

Group III: RA induced group with

omega-3 supplementation.
Induction of RA in 20 rats was done by
intradermal injection at the tail base of 120 uL of 1
mg of heat-killed Mycobacterium butyricum
suspended in 0.1 ml of mineral oil (Complete
Freund’s adjuvant) (Sigma-Ardlich, Egypt). (7
Rats in the control group were injected with a

similar amount of mineral oil. All injections were

preceded by sterilization of skin with betadine
antiseptic solution. The day of injection was
considered as day zero for all groups. The
induction of RA was confirmed by clinical signs of
arthritis on day 11 of induction using the clinical
scoring system that will be mentioned later in
details.

In group III, Omega-3 was given orally once daily
at a dose of 300 mg/kg (equivalent to 0.2 ml fish
oil/rat). "® Omega-3 was used in the form of fish
oil-containing gelatinous capsules (Kirkland
signature dietary supplements). Each capsule
was carefully evacuated by a 1 ml syringe and
given to rats. Rats in the untreated RA group were
administered an oral dose of oily vehicle (corn oil)
as a placebo so that all rats were exposed to the
same circumstances. Treatment was performed
orally via a metallic gastric tube (gavage).
Adequate measures were taken to minimize pain or
discomfort. Treatment with either omega-3 or
vehicle started from day 11 after the induction of
RA (appearance of clinical arthritis) and continued
till the end of the study. The study duration was 30
days from the day of induction. ¥

At the end of the study, the clinical scoring of
arthritis was repeated. = Then all rats were
anesthetized by ether inhalation, sacrificed by
decapitation, and samples of blood were collected
by cardiac puncture. Blood was collected in clean
dry, non-heparinized test tubes for separation of
serum. The separation of serum was done using
centrifugation at 3000 rpm for 20 minutes. Serum
was stored at -20°C for biochemical assessment.
Thoracic aortae were removed and immediately
used to test vascular reactivity to acetylcholine
(Ach) and Norepinephrine (NE) using a power lab

AD instrument. 02D
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Clinical scoring of the arthritis model: ®?
Scoring of arthritis was performed on days 0, 11,
21, and 30 respectively. It was done by two
persons independently, without knowing the
clinical scoring history of the rat. Clinical scoring
was done on a subjective scale ranging from 0 to
1.5 for each paw (Table 1). In each paw, the five
fingers or toes and one big joint (wrist or ankle)
were examined. The ankle and tarsus joints were
considered the same. This score provides only a
subjective quantification of arthritis.

Vascular reactivity (Biological in vitro study)
(Isometric tension study): ?%2)

For assessment of endothelial dysfunction, curves
of contraction-relaxation response of the isolated
aortic rings were plotted using the AD Instruments
Power Lab 8/35 data acquisition system.
Immediately after isolation of the thoracic aortae,
they were put in a dissecting dish containing Krebs
solution (the buffer composition in mM is NaCl:
118.3, CaCly: 1.87, KCI: 4.69, KoHPO4: 1.03,
MgSO4: 1.20, NaHCOs: 25, and glucose 11.1).
Careful dissection of the thoracic aortac was done
with removal of any perivascular adipose tissue,
connective tissue, and blood clots. Subsequently,
the aortae were cut into rings 3—5 mm width. Each
ring was carefully attached to a force-sensitive
isometric transducer (Model MLT0202, AD
Instruments). Then, the aortic rings were immersed
in an organ bath chamber containing Krebs
solution. This solution was acrated with carbogen
continuously (mixture of 95% O, and 5% CO»)
and maintained at 37° C.

Then, tissues were allowed to equilibrate for one
hour after applying a passive baseline tension of 2
grams. Repeated wash was done every fifteen
cumulative

minutes. After  equilibration,

concentrations (10, 10 and 10* mol/L) of NE
were added to the solution to obtain a dose-
response curve (constrictor response). Following,
curves demonstrating cumulative
concentration-response for Ach's (107, 10, and
103 mol/L) relaxing action on the NE pre-
contracted rings were recorded. Responses were
expressed as a percentage of relaxation by
reduction of NE-peak response.

Data were acquired by a Power Lab 8/35 data
acquisition system (Model No PL3508/P, AD
Instruments Pty Ltd, Castle Hill, Australia) and
data analysis was obtained by the Lab Chart Pro
Dose response module analysis software, where
dose-response curves were automatically plotted.
Biochemical Measurements (VCAM-1, MDA ,
TNF-o and nitrite):

Using kits supplied by Abcam Egypt, serum TNF-
a and VCAM-1 were measured by Enzyme-linked
immunosorbent assay (ELISA) ?* 2 according to
manufacturer’s instructions. Serum MDA as an
oxidative stress marker was measured by
colorimetric method. ®® Serum nitrite level as an
indicator for nitric oxide synthase activity was
measured by Griess calorimetric method. ?¢

Data and statistical analysis: ¢7

Values are presented as means =+ standard
deviation (SD). Data were analyzed using IBM
SPSS statistics, version 22.0 (IBM Inc.). Results
were analyzed using one-way analysis of variance
(ANOVA) test. Comparison of two variables
between 2 groups was assessed using Duncan’s
post Hoc test. Analysis of the relationship between
two parameters was determined by linear
regression analysis and Pearson correlation

coefficient was calculated between these variables.
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P value which is less than 0.05 was considered
statistically significant.

RESULTS

The clinical evaluation in RA rats:

The first clinical signs of arthritis (redness or
swelling) appeared between day 11 and day 14 in
groups II & III after induction. From day 11

Table 1: Clinical scoring system for arthritis

onwards, the severity of the arthritis increased
until day 30 in group II. There was a significant
improvement in the omega treated group (GP III)
in comparison to the non-treated group (Group II)
regarding the severity of the arthritis starting from
day 21 as shown in (Table 2, Figure 1).

Clinical scoring for each paw

- Redness or swelling of all fingers in the paw : 0.5

Scoring for fingers or toes:
- Swelling or redness of each finger : 0.1

Scoring for the big joint (wrist or ankle):
- Mild swelling or redness : 0.5
- Intense swelling or severe redness : 1

- Arthritis score for each paw is from 0 to 1.5
- Total score for the four paws is from 0 to 6

Categories for clinical scoring

Grade 0 Score of arthritis that equals 0
Grade 1 Score of arthritis is from 0.1 to 0.9
Grade 2 Score of arthritis is from 1 to 1.9
Grade 3 Score of arthritis is from 2 to 2.9
Grade 4 Score of arthritis is from 3 to 3.9
Grade 5 Score of arthritis is 4 or more

Table (2): Comparison between groups Il &III regarding clinical scoring of arthritis

Group I “Control” Group II “RA” Group I1I
“RA+ omega-3”
Day 11
Range 0.0 0.5-1.2 0.6-1.1
Mean+S.D. 0.81+0.247 0.89+0.173
t-test 1.03
p 0.198
Day 21 0.0
Range 2.8-3.6 0.5-2.5
Mean+£S.D. 3.240.262 1.5+0.667
t-test 3.01
p 0.002*
Day 30
Range 0.0 2.9-3.8 0.5-2.0
Mean+£S.D. 3.44+0.350 1.26+0.595
t-test 3.28
p 0.001*
* : Significant difference when P < 0.05
=@—Group |l “RA” == Group Il
a4
3.5 = —e
3
§ 2.5-2, %* *
= 1.51, —
0.5
0
Day 11 Day 21 Day 30

clinical evaluation

Figure 1: The clinical scoring in RA rats in groups II & III
*: Significantly different in comparison to untreated RA group 11
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Vascular reactivity (Biological in vitro study)
(Isometric tension study):

Cumulative concentrations of NE (10, 107 and
10* mol/L) induced vasoconstrictor response in a
dose-dependent manner in the aortic ring isolated
from all groups, with maximum contraction
achieved at 10 mol/L (Figure 2). The maximally
contracted aortic rings of the normal control rats
showed a dose-dependent relaxant response to
cumulative doses of Ach (107, 10, and 1073
mol/L). Results revealed a marked significant
reduction in Ach-induced relaxation in maximally
contracted rings of the non-treated RA rats versus
those of the normal control rats in response to the
three concentrations of acetylcholine (P= 0.033 at
Ach 107, P=0.001 at Ach 10° & P=0.001 at Ach
10).

significant improvement of vascular reactivity

Treatment with omega-3 attained a
demonstrated by a significantly enhanced Ach-

induced relaxant response versus those of the non-

treated rats in all doses of
acetylcholine (P= 0.042 at Ach 107, P= 0.008 at
Ach 10° & P=0.038 at Ach 10) (Figure 3).
Biochemical Measurements (VCAM-1, TNF-q,
MDA and nitrite):

Serum VCAM-1, MDA , TNF-o and nitrite were

response to

increased significantly after RA induction in the
group II ( 10 £1.3 ng/ml, 8.9 = 1.6 nmol/ml, 18.1 +
0.9 ng/ml & 5 = 1.07 umol/L respectively) in
comparison to the group I ( 5 £0.45 ng/ ml, 3.5 +
0.7 nmol/ml , 3 £ 0.5 ng/ml & 1.35 £0.45 pmol/L
respectively) with (P= 0.002 for VCAM-1, P=
0.002 for MDA, P=0.001 for TNF-a and P= 0.001
for nitrite). Treatment with omega-3 significantly
decreased VCAM-1 (7.2 £1.42 ng/ ml), MDA (5.2
+ 1.2 nmol/ml) , TNF-a (7.3 £ 0.9 ng/ml) & nitrite
(2.78 £0.76 pmol/L) in group III in comparison to
the group II with (P=0.36 for VCAM-1, P=0.024
for MDA, P= 0.001 for TNF-o & P= 0.001 for
nitrite). (Figure 4 a, b, c, d)

—#— Group | “Control” —@— Group Il “Untreated RA" Group Il “RA+Omega-3"

2.5
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Figure 2: Changes in aortic rings vascular reactivity in terms of contraction responses to cumulative doses of NE

in all studied groups
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Figure 3: Percentage relaxation of NE pre-contracted rings in response to cumulative doses of Ach in all studied groups
*: Significantly different in comparison to the control group
# : Significantly different in comparison to untreated RA group
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Figure 4: Biochemical measurements (VCAM-1, MDA, TNF-a & Nitrite) in all studied groups (A: Serum

VCAM-1, B: Serum MDA, C: Serum TNF-a, D: Serum Nitrite)

Results are represented as mean+ SD, statistically significant difference when P < 0.05
*: Significantly different in comparison to control group

#: Significantly different in comparison to untreated RA group

Table (3): Correlation between biochemical parameters and Ach induced relaxation in all studied groups

% relaxation | % relaxation | % relaxation
Ach 107 Ach 103 Ach 10

Pearson Correlation (r) -0.652%* -0.677*%" -0.72%

VCAM-1 P-value 0.0001 0.0001 0.0001

MDA Pearson Correlation (r) -0.597* -0.557* -0.768*
P-value 0.0001 0.001 0.0001

Pearson Correlation (r) -0.456%* -0.476* -0.461*

TNF-alpha P-value 0.017 0.012 0.016

Nitrit Pearson Correlation (r) -0.784* -0.582* -0.569*
e P-value 0.0001 0.001 0.001

* . Significant correlation when P<0.05

Table (4): Correlation between the biochemical parameters (VCAM-1, TNF-a, MDA& Nitrite) in all studied

groups
TNF-a MDA Nitrite
VCAM-1 Pearsonlszzlriaﬁon = Obs.ggj* 0(5?00030*1* 0(5.709040*1*
TNF-a Pearson P(E:;fl(:lation (r) Od§04050*1* 8(5)8471
P C lati 0.822%**
MDA earsonP_:;'::ea ion (r) Yoy

*: Significant correlation when P<0.05
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Correlation analysis:

All biochemical parameters (VCAM-1, MDA,
TNF-a & Nitrite) showed significant negative
correlation with percentage relaxation of NE pre-
contracted aortic rings in response to the three
cumulative doses of acetylcholine (Table 3).
Significant positive correlations were found
between all biochemical parameters. (Table 4)
DISCUSSION

Endothelial dysfunction is an abnormal reversible
functional change of endothelial cells, producing a
shift of the endothelial actions toward decreased
vasodilatation,  pro-inflammatory and  pro-
thrombotic properties. It is an early event in the
development of cardiovascular diseases. 2® ED is
one of the most important extra-articular
complications of RA. The use of rat models of
arthritis has been considered a unique opportunity
to unravel the disease's pathophysiology. Heat-
killed Mycobacterium, initially described by
Pearson ), used in the present study is considered
to be the most effective model for RA. It is the
most widely used method to induce autoimmune
disease in rodents, mirroring much of o RA's
pathology. ©% 32 This model advantage is being
reliable, with rapid onset and progression and
easily measurable articular manifestations. Clinical
signs of arthritis in this model appear 10 to 12 days
after injection. In the present study, RA was
confirmed clinically on day 11, and signs of
progress in severity were present until the end of
the study. This agrees with previous literature
which confirmed that RA developed after ten days
of immunization and progress in severity for four
weeks. @39 Regarding the ED assessment in this

model, it is usually made when the inflammatory

symptoms are maximal (between days 24 and 35
after the injection of Mycobacterium suspension,
approximately 14 to 21 days following the onset of
arthritis). G4

Several methods have been employed to assess
endothelial function. In this study, it was assessed
by studying the vascular reactivity of isolated
aortic rings to investigate their response to
constrictive and relaxant drugs in isometric
conditions. Vascular reactivity results revealed a
marked significant reduction in Ach-induced
relaxation in maximally contracted rings of the
non-treated adjuvant-induced arthritis rats versus
those of the normal control rats. This is as reported
by previous studies ®* 37 done 30 days after
immunization nearly fourteen to twenty-one days
after the onset of arthritis where the endothelial
dysfunction was in maximal.

Studying the mechanisms of ED in RA is essential
to propose a satisfactory therapeutic strategy for
vascular risk prevention. In various cardiovascular
diseases, VCAM-1is accepted as a marker of ED.
©® This is following the results of the current
study that showed a significant increase in VCAM-
1 after RA induction in group II in comparison to
group L. This is in agreement with the results of
Totoson et al ©®% that reported that adhesion
molecules including VCAM-1 increased at day 11
with maximal levels at day 33 of immunization.
The cytokines and turbulent shear stress,
accompanying the inflammatory state in RA,
induce NFxB dependent activation of endothelial
cell VCAM-1 expression. ¢ VCAM-1 was
reported to stimulate intracellular calcium release
through its action on calcium channels and this

may affect vascular reactivity. “? This is in line
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with the negative correlation that was found
between VCAM-1 and vascular reactivity
(acetylcholine-induced relaxation) in the current
study.

In addition to VCAM-1, the pro-inflammatory
status associated with arthritis might initiate
vascular dysfunction. It was reported that in RA,
activated T- cells and macrophages produce pro-
inflammatory mediators such as IL-1f and TNF-a,
which play an important role in the pathogenesis
of RA associated endothelial dysfunction. “V
TNF-a has been shown to inhibit the expression of
endothelial nitric oxide synthase (eNOS) through
destabilization of eNOS mRNA. “? Also, TNF-a
increases VCAM-1expression on endothelial cells
through the activation of the NFxB pathway,
thereby allowing for leukocyte infiltration in
inflamed tissue. “¥ In addition, studies in animal
models and humans showed a protective effect of
anti-TNF-a  therapies on blood vessels in
inflammatory and cardiovascular diseases. ¢+ 49
Furthermore, Zhang et al “? reported that blocking
of TNF-a receptor controlled aortic atherosclerosis
by reducing VCAM-1 expression in vivo. This is
in agreement with the present findings that showed
the significant elevation of TNF-a in the untreated
rheumatoid group when compared to control
group, the significant negative correlation between
TNF-a and vascular reactivity and the significant
positive correlation between TNF-a with VCAM-1
level. In accordance with the present results, some
authors found a positive relationship between
circulating inflammatory markers and ED ¢34
whereas others found no link in both early ®® and
long-term RA GV,

Malondialdehyde (MDA)is a highly reactive

naturally occurring compound. It is considered

as a marker for oxidative stress. ®» The results of
the current work showed an elevated level of
MDA in the untreated rheumatoid group in
comparison to the control group. This might be
explained by the accumulation of ROS. Oxidative
stress was reported previously to play a vital role
in the pathophysiology of RA and its associated
ED. High concentrations of ROS can activate
NFkB with subsequent increase in aortic
endothelial VCAM-1 expression. ©» TNF-o
induced VCAM-1 expression is blocked by
overexpression of superoxide dismutase. ¥ All
these findings are following our current results
showing that MDA is significantly positively
correlated with VCAM-1, while significantly
negatively correlated with vascular reactivity.

Change in endothelial nitric oxide (NO)
bioavailability is suggested to contribute in
endothelial dysfunction in RA patients. NO
production in blood vessels could be due to both
endothelial NO synthase (eNOS) and inducible
NOS (iNOS). Uncoupling of eNOS was found in
aorta taken from RA rat. @39 Increased activity of
inducible nitric oxide synthases (iNOS) is
considered to be a key pathophysiological
mechanism in RA associated ED. 9 In this study
we aimed to evaluate the activity of iNOS.
However, because NOS is highly modulated at its
post-transcriptional level, NOS expression is not a
proper indicator of its activity. ®® Alternatively,
plasma levels of nitrite have been postulated as
potential biomarkers for NOS activity in the
vascular system. ©”  Our results showed
significant increase in serum nitrite level in the
untreated RA group in comparison to the control
group which means increased activity of iNOS.

Inducible NOS consumes tetrahydrobiopterin co-
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factor (BH4), leading to eNOS uncoupling.
Uncoupled eNOS manufactures superoxide anion
(O2-) not NO. Furthermore, when O»- combines
with NO, it produces peroxynitrite, a free
radical that has no natural antioxidant defense.
This process leads to a decrease in bioavailability
of endothelial NO in parallel with increased
oxidative stress. ® ? This also in accordance with
our results showing negative correlation between
nitrite level with Ach induced relaxant effect while
showing positive correlation between nitrite level
and MDA. In agreement with our results, plasma
nitrite levels were found to be increased at day 22
©® and day 24 post injection in RA rats ©? in
addition to a reduced relaxant response of aortic
rings to Ach.

Diet plays an essential role in body health and
disease status. The important aspect of this study was
to evaluate the effect of omega-3 supplementation on
the early stage of disease when there is active
reversible endothelial dysfunction before the clinical
appearance of cardiovascular complications. Omega-
3 polyunsaturated fatty acids have  therapeutic
potential in chronic inflammatory diseases. Among
the omega-3 PUFAs, docosahexaenoic acid (DHA)
and eicosapentaenoic acid (EPA) are more potent
than alpha-linolenic acid (ALA). ®” Treatment with
omega-3 PUFAs in this study attained a significant
improvement of vascular reactivity demonstrated by
a significantly enhanced Ach-induced relaxant
response in omega-3 treated RA group versus those
of the untreated RA rats.

Treatment with omega-3 significantly decreased
VCAM-1 in the treated group in comparison to the
untreated group. The decrease in the VCAM-1
level was explained by Wang et al ¢V showing that

polyunsaturated fatty acids decrease VCAM-1

expression by reducing the NFxB signaling
pathway, preservation of B inhibitor and
prevention of nuclear translocation of NF«kB.
Another protective effect of omega-3 on
endothelial function is its antioxidant function that
was evident in the results of the current work
showing a significant decrease in MDA in the
treated group when compared to the untreated RA
group. This finding is in agreement with other
studies showing the antioxidant effect of omega-3
on endothelial function in other models such as
chronic kidney disease ©“? and ovariectomized rats.
©) Omega-3 PUFA can blunt the activity and
expression of NADPH ©2), positively modulate the
antioxidant potential ®Y and therefore reducing
oxidative stress. Other studies demonstrated that
omega-3 fatty acids (EPA and DHA) were able to
displace the omega-6 fatty acid, arachidonic acid,
as molecular substrates during the cyclooxygenase
and oxygenase pathway leading to improvement in
redox state and reduced omega-6 fatty acid
peroxidation so decreasing ROS production. ¢ 69
In addition to the previous favorable impacts of
omega-3 on VCAM-1 and oxidative stress, omega-
3 PUFAs are documented to down-regulate pro-
inflammatory processes. ©7 ® This is also was
present in the current results that showed a
significant decrease in TNF- o in omega-3 treated
group in comparison to the untreated group. These
results agree with other studies in which omega-3
treatment produced a decrease in IL-6 and TNF —
a. % 7 This can be explained by the fact that
omega -3 fatty acids act as precursors for some
lipid mediators called specialized pro-resolving
mediators (SPMs). These SPMs are produced by

macrophages  during the resolution of
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inflammation to stimulate the cessation of
polymorphonuclear infiltration. "

Our results demonstrated also the involvement of
NOS enzymes as one of the protective effects of
omega-3 fatty acids. The results of the current
study showed significant decrease in serum nitrite
level in the treated RA group in comparison to the
untreated RA group and this suggests beneficial
effects of omega-3 through suppression of iNOS
activity. The inducible form of NOS is an enzyme
that is responsible for forming NO under
pathological conditions. 7 In agreement with our
results, other studies found that omega- 3 fatty
acids reduced iNOS in hepatic 7 and brain ¥

5 demonstrated

cells. Also, Mayyas et al
decreased plasma nitrite level in diabetic rats after
omega-3 treatment. The effect of omega-3 on
nitric oxide synthase is through to be due to its
effect on l-arginine-NO pathway. 79

In conclusion, the findings of this study revealed
that induction of rheumatoid arthritis in rats led to
reduced vascular reactivity, increased vascular cell
adhesion molecule-1, oxidative  stress ,
inflammatory markers and nitrite level. However,
omega-3 treatment was effective in the reduction
of all measured parameters and improvement of
vascular reactivity. Therefore, in addition to the
important role of omega-3 in clinical improvement

7 administration of

of symptoms of arthritis
omega-3 in the present study had a significant
therapeutic impact on endothelial dysfunction by
decreasing adhesion molecules, an inflammatory
marker, oxidative stress and suppression of iNOS
activity. So, it is highly recommended to use
omega-3 regularly as early as possible in RA cases

to protect against this disease’s harmful

endothelial changes.

Recommendations
As this study aimed to identify the effects of
omega-3 PUFA medical intervention in the early
acute stage of the disease, it is recommended to
study the effects of omega-3 on the long-term
cardiovascular changes in studies of longer
duration after occurrence of actual changes in
blood pressure and atherosclerosis. Also studying
the ultra-structural molecular effects of the
medical intervention by electron microscopy is
recommended in further studies.
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