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Abstract

Background: Rheumatoid Arthritis (RA) is autoimmune
disease characterized by chronic inflammation and by the
destruction of synovial joints, leading to joint deformity and
disability. The cause of RA is still unknown, but several
factors have been documented. These include environmental
factors, genetic factors, microbial pathogens, altered levels
of inflammatory mediators, and defects in immune regulation,
as autoimmune disease. The response of autoimmunity can
be identified by the production of autoantibodies, such as
Rheumatoid Factor (RF) or Anti Citrullinated Protein Anti-
bodies (ACPAs), in serum. Recently, antioxidant supplemen-
tation has been the major focus of attention across the world
among the health professionals to explore it as a strategy to
protect against the injurious effects of oxidative stress.

Aim of Study: This study aimed to investigate the beneficial
effects of Ethyl Pyruvate (EP) in a rat model of Complete
Freund's Adjuvant (CFA) induced RA.

Material and Methods: The current study was carried out
in Medical Biochemistry Department, Faculty of Medicine,
Tanta University, in accordance to the guidance of Ethical
Committee of Medical Research, Faculty of Medicine, Tanta
University, Egypt (Approval code 31802/10/17) during 2018.

The study was conducted on 60 male albino rats divided
into four groups; Group I (control group), Group II (Rheuma-
toid arthritis group) and Group III (treated rheumatoid arthritis
group) and Group IV (EP-control group) that are received the
same dose of EP in treated rheumatoid arthritis group. All
groups were subjected to estimation of level of anticyclic
citrullinated peptide (AntiCCP) for diagnosis of RA, inflam-
matory marker as High Mobility Group Box1 (HMGBI1) and
Interleukin 1 Beta (IL1B) and also oxidative stress marker as
Nitric Oxide (NO) and total antioxidant capacity respectively
trying to detect effect of inflammation and oxidative stress
in RA.

Results: This study showed that EP significantly decrease
Anticcp, HMGB 1 and IL1B and NO levels, also significantly
in TAC.

Correspondence to: Dr. Hadeer S. Salah, The Department of
Medical Biochemistry, Faculty of Medicine, Tanta University,
Egypt

Conclusion: On basis of these results it could be concluded
that EP exhibits anti-inflammatory and antioxidant effects in
experimentally induced RA in rats.

Key Words: Rheumatoid arthritis — Complete Freund's adjuvant
— High mobility group box 1.

Introduction

RHEUMATOID Arthritis (RA) is a long-term
inflammatory autoimmune disorder that primarily
affects joints. It typically results in warm, swollen,
and painful joints. Most commonly, the wrist and
hands are involved, with the same joints typically
involved on both sides of the body. The disease
may also affect other parts of the body [1]. The
pathogenesis of RA is a multistep process that
starts with the development of autoimmunity, con-
tinues with local inflammation and finally induces
bone destruction [2,3] . Rheumatoid arthritis is
considered as an autoimmune disease since the
production of the Rheumatoid Factor (RF) which
is an autoantibody directed against determinants
on the Fc¢ fragment of immunoglobulin IgG but
the most relevant autoantibodies appear to be Anti-
citrullinated Protein Antibodies (ACPA). It are
autoantibodies that are directed against proteins

that are citrullinated [4]. High-Mobility Group Box
chromosomal protein 1 (HMGB 1) was an important
molecule in the pathogenesis of arthritis [5]. It is
highly conserved non-histone chromosomal protein,

Intra nuclear HMGB 1 binds DNA and regulates
transcription. In addition, HMGB 1 may be extra-
cellularly translocated, thereby acting as an inflam-
matory mediator of tissue invasion and tissue repair
[6]. HMGB 1 may either be actively secreted from
a wide number of cell types following stimulation
with inflammatory mediators, including TNF, IL-
13, IFN-y and multiple Toll-Like Receptor (TLR)
ligands, or be passively released from dying nucle-
ated cells [7]. The extracellular effects of HMGB1
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are mediated via multiple receptors including the
receptor for advanced glycated end-products
(RAGE), some members of the TLR family and
other are unidentified pathways [8] . Interleukin-
1B are prototypic proinflammatory cytokines that
exert pleiotrophic effects on avariety of cellsand
play key rolesin acute and chronic inflammatory
and autoimmune disorders. There aretwo IL-1
receptors: IL-1 type 1 receptor (IL-1RI) and IL-1

type 2 receptor (IL-1 RII). IL-1 a and IL-10 signal
through IL-1RI. Binding to IL-1RII does not |ead
to cell signaling. Upon binding of IL-1to IL-1RI,
a second receptor termed IL 1 receptor accessory
protein (IL-1RACP) gets recruited at the cell mem-

brane to form a high affinity binding receptor

complex leading to intracellular signaling [9]. On
the other hand, previous reports suggested the role
of oxidative stressin inflammation and destruction

in the joints of arthritic animals and RA patients.

Nitric Oxide (NO) isimplicated in inflammation,
angiogenesis and tissue destruction. The enzyme
inducible Nitric Oxide Synthase (NOS) is respon-

sible for the localized over-production of NO in
the synovial joints affected by RA [10]. However,
patients (RA) have increased oxidative stress,
decreased antioxidant levels, and impaired antioxi-
dant capacity. Ethyl Pyruvate (EP) is a stable and
simple lipophilic ester derived from the endogenous
metabolite pyruvate. It acts as a potent anti-

inflammatory, anti-oxidant and free scavenger,

which can rapidly and known to scavenge hydrogen
peroxide [11] . The present study was conducted to
investigate the modulatory effects of EP on some
oxido -inflammatory (HMGB1and IL 1B) asinflam-
matory parameter, (NO and TAC) as parameter of
oxidative stress in arat model of CFA induced
rheumatoid arthritis.

Material and M ethods

Chemicals: Complete Freund's Adjuvant (CFA)
(SIGMA-ALDRICH Co., Egypt) CAS NO (8020-
83-5). Ethyl pyruvate (>95 purity) (Alfa-Aesar
Co., Egypt) CASNO (617-35-6). Other chemicals
and solvents used unless otherwise described were
purchased from Sigma (Sigma, St Louis, USA).
All chemicals and solvents were of high analytic
grade.

Sudy design and animal grouping:

The current study was carried out in Medica
Biochemistry Department, Faculty of Medicine,
Tanta University, in accordance to the guidance of
Ethical Committee of Medical Research, Faculty
of Medicine, Tanta University, Egypt (approval
code 31802/10/17). This study comprised 60 abino

male rats of approximately 180-200g body weight
obtained from experimental animal colony of Tanta
University. During 2018, rats housed in wire mesh
cages, were fed standard rat chew and allowed free
access to water. They were kept under constant

environmental conditions (25°C and lighting regi-

men of 12-h dark/12-h light cycle).

Therats were equally divided into the following
four groups:

» Group |: Control group.
» Group |1: Rheumatoid arthritis induced group.

Rheumatoid arthritis was induced by asingle
subcutanous injection (0.1ml) of Complete Freund's
Adjuvant (CFA) (SSIGMA-ALDRICH Co., Egypt).
into the base of the tail [12,13].

» Group Il1: Treated Rheumatoid arthritis group.

After RA induction these rats were given daily
intraperotenial injection of ethyl pyruvate 40mg/kg
for 3 weeks [14].

» Group 1V: (Ethyl pyruvate-control).

This group was given daily Ip injection of ethyl
pyruvate 40mg/kg for 3 weeks.

Inflammation in each paw was graded for all
rats on days 7, 14 and 21 after induction of RA
according to the extent of erythema and edema of
the periarticular tissues, using a scale of 0-4. The
scores for each paw were then added to get the
total arthritis score (maximum possible score 16
per animal), and designated as the arthritic in-
dex [19].

0 =Nosignsof arthritis

1 = Swelling and/or redness of the paw or one digit
after 7 days.

2 =Twojoints of the paw involved after 14 days.
3 = More than two joints involved after 18 days.

4 = Severe arthritis of the entire paw and digits
after 21 days.

Blood and tissue sampling:

At the end point of the experiment (5 weeks),
al rats were sacrificed by decapitation after an-
esthesia and blood samples were taken into dry
sterile centrifuge tubes allowed to clot at room
temperature for 30 minutes, and then centrifuged
for 10 minutes at 3354 XG. Serawere separated
and stored in aliquots at —70°C till used. Samples
were thawed at room temperature at the time of
assay measurement.
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All groups were subjected to the measurements
of the following:

A- Biochemical investigations:

* Anti-Cyclic Citrullinated Protein antibodies (Anti
CCP) by Elisatechnique.

» High mobility group box | level by EIISA tech-
nique.

* Interleukin 1b level by Ell SA technique.
» Colorimetric detection of Nitric oxide level.

* Colorimetric detection of total antioxidant capac-
ity level.

B- Histopathological examination of the knee joints
of all groups:

From each group, samples of knee joint were
taken from 5 randomly selected rats, preserved in
10% formalin for 24 hours. Trimming was done
on formalin fixed samples and washed in tape
water for 12 hours. Serial alcohols (methyl, ethyl
and absolute) were used for dehydration of tissue
samples. Then tissue samples were cleared in
xylene and embedded in paraffin. Paraffin blocks
were sectioned at 3 gthiolness by slide microtome.
The obtained tissue sections were collected on
glass dides and stained by haematoxylin and eosin
(H & E) for histopathological examination by light
microscope.

Statistical analysis was conducted as mean and
standard deviation using Statistical Package for
Social Sciences (SPSS), Version 16.0 for Windows
(SPSS, Chicago, IL). One-way analysis of variance
(ANOVA) was used for multiple comparisons to
evaluate the statistical significance between exper-
imental groups followed by post hoc test. The
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correlation study was calculated using Pearson's
correlation. p-value <0.05 was considered signifi-
cant.

Results

Table (2) summarized the comparative statistics
of studied biomarkers between all groups. There
was statistically significant increasein serum level
of Anticcp, HMGB1, | L1B and NO aswell as
there was statistically significant decrease in serum
level of TAC in Group Il when compared to control
and treated groups. Treated RA by EP showed
significant decrease of the mentioned biomarkers
(Anticcp, HMGB1, IL1B and NO), aso showed
significant increase TAC reflect its proactive role.

Table (3) showed correlation matrix between
all studied parametersin RA Group |1 and treated
RA group. There were statistically significant
positive correlation between Anticcp, HMGBL,
IL1B and NO in both Groups (I1, 111), aswell as
TAC showed negative correlation between other
parameters.

Histopathological examination results:

The knee joint specimens of control Groups
(Group | and 1V) showed normal synovial lining,
normal collagen fibers and normal bone as shown
in Figs. (1,2). Rheumatoid Arthritis (Group I1)
showed chronic inflammatory infiltration of syno-
vial tissue by macrophages, plasmacells and lym-
phocytes with fibrinoid necrosis and bony erosion
as shown in Fig. (3). Treated rheumatoid arthritis
groups (Group 111) showed lesser chronic inflam-
matory infiltration of synovial tissue compared to
rheumatoid arthritis.

Table (1): Shows comparison of arthritic index and paw thickness among the studied groups using
ANOVA and Tukey's test.

(Group I) (Group I1) (Group 1) (Group 1V)
Negative Rheumatoid Treated Positive ANOVA
control arthritis Rheumatoid control : ;
(n=15) ("=15)  arthritis(n=15)  (n=15) Flest  p-value
Paw thickness:
7th day 211+0.17a 4.58+0.30P 4.52+0.16D 2.16+0.12a 736.717 0.001*
14th day 22140152  4.69+0.38P 3.64+0.12¢ 2.18+0.12a 554.892 0.001*
21t day 2.25+0.14a 4.68+0.15P 3.58+0.10¢ 2.22+011a 1594519 0.001*
Arthritic index:
7th day 0+02 8.90+0.46b 8.07+0.47¢ 0+02 3309.282  0.001*
14th day 0+02 13.03+0.43°  6.06+054c  0£02 4848618  0.001*
21th day 0+02 14.11+0.500 5.06+0.28¢ 0+02 8207.314  0.001*
n - Number of each group. *: Significance (p<0.05).

Data are mean * standard deviation of agroup of 15 rats.
Statistical analysisis carried out using one-way ANOV A with Tukey's post hoc test. SPSS computer program.
ab.c. : Significant difference between groups at * p<0.05.

a : Significance from Group .
: Significance from Group I1.

c: Significance from Group Il1.
a Significance from Group 1V
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Table (2): Comparative statistics of studied biomarkers between all groups.

(Group II) (Group III) (Group IV)
(Group I) Rheumatoid Treated EP- ANOVA
control thritis Rheumatoid ntrol
(n=15) arth. eumato contro F-test p-value
(n=15) arthritis (n=15) (n=15)
Total antioxidant capacity (mmol/l) 2.28+0.20a 1.2440.17b 1.63£0.29¢ 2.18+0.15d 50.267 0.001 *
NO (uM/L) 134.88+13.42a 565.32+107.34b 242.54+40.39¢ 133.29+£14.69d 184.382 0.001 *
HMGB 1 (ng/ml) 2.24+0.11a 8.97+1.14b 4.08%0.61¢ 2.32+0.16d 349.733  0.001 *
Interlukinlbeta (pg/ml) 22.054£5.22a 65.66+5.92b 29.57+4.86¢ 21.15+4.534d 249.430 0.001 *
AntiCCP (ng/ml) 6.47+1.63a 596.53+36.86b 310.13£28.62¢ 5.49+1.39d 249.430 0.001 *
Abbreviations: IL1B : Inteleukin 1 Beta.
NO : Nitric Oxide. Anticep: Anti.Cyclic Citrullinated Protein Antibodies.
HMGBI1: High Mobility Group Box1. TAC : Total Antioxidant Capacity.

Data are mean * standard deviation of a group of 15 rats.

Statistical analysis is carried out using one-way ANOVA with Tukey's post hoc test. SPSS computer program.
a.b.c.: Significant difference between groups at *p<0.05.

a : Significance from Group 1. c: Significance from Group III.

b : Significance from Group II. a: Significance from Group IV.

Table (3): Correlation matrix of all the studied parameters in RA group.

Total antioxidant NO HMGB 1 Interleukin 1 beta
Group II capacity (mmol/l) ( MM (ng/ml) (pg/ml)
Rheumatoid arthritis

r. p. r. p. r. p.

NO (uM/L) -0.768 0.001*
HMGB 1 (ng/ml) —-0.892 0.001* 0590  0.021 *
Interleukin 1 beta (pg/ml) —0.825 0.001* 0518 0.048* 0.821 0.001%*
AntiCCP (ng/ml) —-0.823 0.001* 0608 0.016* 0.865 0.001*  0.691 0.004*

Table (4): Correlation matrix of all the studied parameters in treated RA group.

(Group III) Total antioxidant NO HMGB 1 Interleukin 1 beta
Treated Rheumatoid capacity (mmol/l) (pMA) (ng/ml) (pg/ml)
arthritis group " p. . p. " p.

NO ( MA) -0.910 0.001 *

HMGB 1 (ng/ml) -0.957 0.001* 0960 0.001*

Interleukin 1 beta (pg/ml) —0.615 0.015* 0719 0.003* 0695 0.004*

AntiCCP (ng/ml) —-0.879 0.001* 0928 0.001* 0.906 0.001* 0.535 0.040*

Fig. (1): Control Group I: Showed cartilaginous and bony Fig. (2): EP-control Group (IV) showed cartilaginous and
fragments with bone marrow [H & E X200]. bony fragments with bone marrow [H & E X200].

Fig. (3): RA Group II: Showed dense perivascular inflammatory Fig. (4): Treated RA (group III) showed decrease in the number
infiltrate to subchondral bone [H & E X200]. of inflammatory cells and fibrosis [H & E X200].
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Discussion

Rheumatoid Arthritis (RA) is chronic progres-
sive inflammatory autoimmune disorder that pri-
marily affects the peripheral joints. It affects syn-
ovial lining of joints, causing a painful swelling
that can eventually result in bone erosion and joint
deformity [1] . The pathogenesis of RA isamultistep
process that starts with the development of autoim-
munity, continues with local inflammation and
finally induces bone destruction [3,16] . Also the
oxidative stress may play arolein developing of
RA [17] . The present study was designed to induce
RA inrat by CFA and determined serum levels of
AntiCCP, HMGB1 and Inteleukinl betain RA as
inflammatory markers. Moreover the oxidative
stress markers were studied. A possibility of new
line of treatment: Ethyl pyruvate for RA wasin-
vestigated. Among the most widely used models
of RA aretherat Adjuvant-Induced Arthritis model
(AlA). It serves as an excellent model for human
RA [18]. As Complete Freund's Adjuvant (CFA) is
easy to be handled, produce rapid induction and
excellent antibody responses that why we used it
for induction of RA in experimental animals [19].
Injection of CFA causes an immunological changes
and damaging in knee tissue in form of accumulate
immune cells such as activated T-and B cells,
monocytes and macrophages from activated fibrob-
lasts, and hence releasing cytokines and chemokines
[20]. Also RANKL and RANK signaling pathways
trigger osteoclast over activation, which degrades
bone tissue [21] . In our model, RA was induced in
albino rats by a single subcutaneous injection of
CFA into the base of the tail [12] . Rheumatoid
arthritisin rat appeared in the form of swelling,
redness and limitation of movement in knee joint.
Furthermore presence of RA was confirmed by
detection of histopathology changes in tissue of
knee joint that showed dense perivascular inflam-
matory infiltration of synovial tissue to subchondral
bone by macrophages, plasma cells and lym-
phocytes. The results of present study arein basic
agreement with results of El-Shabrawy et a., [22]
and Abildtrup et al., [23] who reported that RA
could be induced in 21 days after injection of CFA.
They showed that there was formation of granula-
tion tissue at the edges of the synovial lining,
pannus with extensive angiogenesis causing tissue
damage in the joint of knee. Arthritic index isa
clinical assessment of joint swelling in inflamma-
tory diseases. The results of present study showed
that there were a significant increase in arthritic
indices and paw thickness of knee of rat up to 21 «
day from induction of RA in Group Il due to dam-
agein joints and bones of the rats paw when com-
pared with other groups. These results are con-
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firmed and supported by work of Lel Yi et al., [24]
and Praveen and Janarthan [25]. However treatment
of RA ratswith ethyl pyruvate decreased paw

swelling, thickness and inflammation of joints
indicating that EP might be an effective treatment

for rheumatoid arthritis supported by work of Jung

et al., [26] . It has been demonstrated that ethyl
pyruvate component has a high pleiotropic activity
due to its complex chemical properties. Ethyl
pyruvate has ability to control various signaling
pathways and capability of interacting with numer-
ous molecular targets involved in inflammatory
processes. These characters of EP make it ableto
suppress of inflammation and relived the pain of
joints. In addition, the EP treatment could signifi-

cantly alleviate the variation of arthritic scores
[27].The present study demonstrated a significant
increase in serum level of AntiCCP in RA rats
when compared with other groups. Although the
presence of anticcp in patient with RA has been
investigated therapy and there is vast amount in
research work that aspect has been published, there
isonly one or two research paper deal with presence
of AntiCCP in rat with RA induced by CFA. The
presence of anti-Cyclic-Citrullinated Protein anti-

bodies (Anti-CCP) was determined in acute and
chronic Pristane-Induced Rheumatoid Arthritis
(PIA) rat model and it was found in that model

[28]. The most of other animal models of RA do
not showed Anti-CCP in their sera. However RA

rats treated with ethyl pyruvate demonstrated sig-
nificantly lower serum level of AntiCCP. The exact
mechanism for suppression of serum level of An-

tiCCP by EP is not known. EP may suppress the
production of AntiCCP because it induces anti-
inflammatory effects through NF- k3 inhibition
and lead to inhibition of the inflammatory processes
in the synovium of knee. Cytokines play arolein
the pathogenesis of RA, among these cytokines:

HMGB 1, IL1B. HMGB 1 is a ubiquitous nuclear
protein that can be released by damaged cell or
by activated macrophages and monocytes [29] .
HMGB1 interacts with multiple Pattern Recognition

Receptors (PRRS), the receptor for advanced gly-

cation end-products (RAGE) and Toll-Like Recep-
tors (TLRs), TLR4 or TLR9 and activates intrac-

ellular signal of Mitogen-Activated Protein Kinases
(MAPKSs) and nuclear factor kappa B (NF-kb) [30].
In the present work, we found significantly higher
serum levelsof HMGB 1 in rat model versus con-
trol. These results are coincided with work of Wang
etal., [31]. Theincrease of serum level of HMGB1

in the model group may be explained in the fol -
lowing basis. In CFA induced RA inrat, thereis
pathological changesin form of synovia hyperpla-
sia, inflammatory infiltration that stimulate releas-
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ing of phosphatidylinositol binding to specific
receptor stimulate Carelease from endoplasmic
reticulum which bound with calmudulin: Ca-
calmodulin dependent protein kinase resulting in
phosphorylation lead to release of HMGB 1 into
the extracellular space [32] . However rats treated
with ethyl pyruvate (Group I11) showed significant-
ly decrease serum level of HMGB 1. These results
are supported by work of Seyhan et al., [33] who
reported that EP reduce serum level of HMGB 1in
RA that induced in rat by inhibition of NF-xb DNA
binding that mediate its effect. Also it is consistent
with work of Li et al., [34] who studied effects of
ethyl pyruvate on synovium of knee in collagen-
induced arthritisrat. The present study showed
that there were a significant increase in serum level
of IL 1B in RA rats (Group I1) when compared with
other groups. These results are supported by work
of Eastgate et al., [35] and Yang et al., [36] who
reported that alot of cytokines have been found
to participate in the regulation of this complicated
immune network and most important oneis Inter-
|eukin-1-beta, also as result of increase serum level
of HMGB 1 that bind with it specific receptor
stimulate signaling pathway lead to stimulate NF
KB that stimulate release of IL 1 B. However rats
treated with ethyl pyruvate (Group I11) showed
significantly decrease in serum level of IL1B.
These results are supported by work of Yin et al.,
[37] who stated that EP inhibit NF-xB DNA binding
which stops the expression of pro-inflammatory
cytokinesas TNF-a and IL-1(3. Nitric oxideisa
pleiotropic free radical messenger molecule. NO
has an important role in chronic inflammatory
conditions as rheumatoid arthritis and neurodegen-
erative disorders [10] . The present study showed
that there were a significant increase in serum NO
level in RA rats (Group I1) when compared with
other groups. These results are supported by the
work of Uttaraet al., [38]. Biochemical mechanism
of increase of NO in RA rat might be due to action
or releasing pro inflammatory marker such as1L1B
which stimulate iINOS. Furthermore NO enhances
the inflammatory response by sustaining the nuclear
localization of NFkB [39] . However rats treated
with ethyl pyruvate (Group I11) showed significant-
ly decrease serum level of NO. These results are
supported by work of by Zhang et al., [40] who
reported that EP inhibits nitrite/nitrate (NO) release
as a proinflammatory marker through inhibition
of NO synthetase. Total antioxidant capacity con-
siders the cumulative action of as all the antioxi-
dants present in plasma and body fluids [41] . The
present study showed that there were a significant
decrease in serum level of TAC in RA rats (Group
[1) when compared with other groups. These results

are supported by the work of Al-Rubaei et al., [42]
who reported that oxidative stress produces free
radicles which are involved in the pathogenesis of
RA. However rats treated with ethyl pyruvate
(Group 111) showed significantly higher serum
level of TAC. These results are supported by the
work of by Rossmann et al., [43] who reported that
EP promotes the antioxidant systemsin the body
and it has inhibitory effect on lipid peroxidation.

Our correlation study between immunological
parameters such as Anticcp, inflammatory param-
eters such as HMGB l1and IL 1 B and oxidative stress
parameters as TAC and NO indicated that there
was a significant positive correlation between
serum Anticcp level and serum level of HMGB1,
IL1B and NO level in both RA group and treated
RA groups as they have the same pathway between
them. Furthermore there was a significant negative
correlation between serum level of TAC and other
parameters that involved in our study as TAC
exhausted. In conclusion, this study, on the basis
of histopathological data study supported the bio-
chemical findingsin the present study as there
were significant positive correlation between his-
topathological and the biochemical markersin both
RA group and treated RA groups, also shows that
EP reduces inflammatory injury in an experimental
RA model and improve histopathological changes.
Asresult of the antioxidant and antinflammatory
effects of EP supported by Algieri et al., [44].

Conclusion:

On the basis of these results, the current study
highlights evidences for the promising protective
effects of EP in CFA induced RA model which
resembles the histopathol ogical appearance of the
disease in human. These favorable actions were
linked with its modulatory effect in maintaining
adequate intracellular redox environment as evi-
denced by reducing some oxido-inflammatory with
subsequent improvement of histopahological ab-
normalities of knee, moreover it islikely to be safe
as EP is a common additive in beverages and
confectionary products. These findings presented
here also imply that EP has therapeutic potential
in the prevention of RA and represent a promising
therapeutic strategy.

Acknowl edgement:

Special thanksto Dr. Dareen Abd El-Azeez
Assistant professor of Histopathology, Faculty of
Medicine, Tanta University, for helping mein
carrying out the histopathological for the knee joint
specimens in this work.



Hadeer S Salah, et al.

Refer ences

1- ZHU L., WANG J, WEI T., et a.: Effects of Naringenin
on inflammation in complete freund's adjuvant-induced
arthritis by regulating Bax/Bcl-2 balance. Inflammation,
38 (1): 245-51, 2015.

2- CHIMENTI M.S,, TRIGGIANESE P., CONIGLIARO P.,
et al.: Theinterplay between inflammation and metabolism
in rheumatoid arthritis. Cell Death and Disease, 6e 1887,
1-10, 2015.

3- HARIDASV., SHETTY P, SARATHKUMARE., et d.:
Reciprocal regulation of pro-inflammatory Annexin A2
and anti-inflammatory Annexin A1 in the pathogenesis
of rheumatoid arthritis. Mal. Biol. Rep., Nov. 13, 2018.

4- PEARSON M.J. and SIMON W.: Review: Long Noncod-
ing RNAs in the Regulation of Inflammatory Pathways
in Rheumatoid Arthritis and Osteoarthritis Arthritis Rheu-
matol., 68 (11): 2575-83, 2016.

5- CHENA Q., GUAN X. and ZUO X.: Therole of high
mobility group box 1 (HMGB1) in the pathogenesis of
kidney diseases. Acta Pharmaceutica SinicaB, 6 (3): 183-
8, 2016.

6- LIUZ., WANG Z., HAN G,, et a.: Ketamine attenuates
high mobility group box-1-induced inflammatory respons-
esin endothelial cells. J. Sur. Res., 200 (2): 593-603,
2016.

7- ASLANI F., SCHUPPE H.C., GUAZZONE V .A., et a.:
Targeting high mobility group box protein 1 ameliorates
testicular inflammation in experimental autoimmune
orchitis. Hum. Reprod, 30 (2): 417-31, 2015.

8- TSUNGA., TOHME S. and BILLIAR T.R.: High mobility
group box-1 in sterile inflammation., 276 (5): 425-43,
2014.

9- BAPTISTA F.I.,, AVELEIRA C.A., CASTILHO A.F,, et
al.: Elevated Glucose and Interleukin-1 (3 Differentially
Affect Retinal Microglial Cell Proliferation. Mediators
of Inflammation, 2017: 1-11, 2017.

10-DEY P., PANGA V. and RAGHUNATHAN S.: A Cytokine
Signalling Network for the Regulation of Inducible Nitric
Oxide Synthase Expression in Rheumatoid Arthritis Jour-
nal Pone., 0161306, 2016.

PULATHAN Z., ALTUN G., DOGUS HEMSINLID.,
et a.: Role of Ethyl Pyruvate in Systemic Inflammatory
Response and Lung Injury in an Experimental Model of
Ruptured Abdominal Aortic Aneurysm., Biomed. Res.
Int., 2014: 857109, 2014.

12- ASSAYAG D., LEE J.S. and KING T.E.: Rheumatoid

arthritis associated interstitial lung disease: A review.
Medicina (B Aires), 74 (2): 158-65, 2014.

13- TOTOSON P., MAGUIN-GATE K., PRIGENT-TESSIER
A., et al.: Etanercept improves endothelial function via
pleiotropic effectsin rat adjuvant-inducedarthritis. Rheu-
matology (Oxford), 55 (7): 1308-17, 2016.

14- STANISAVLJIEVI S, JEVTI B., DJEDOVI N., et a.:
Short term exposure to ethyl pyruvate has long term anti-
inflammatory effects on microglial cells. Biomed. Phar-
macother., 72: 11-6, 2015.

15-VONO M., TACCONE M., CACCIN P, et a.: The adjuvant
MF59 induces ATP release from muscle that potentiates

11

2553

response to vaccination. Proc. Natl. Acad. Sci. U. S. A.,
110 (52): 21095-100, 2013.

16- ZORDAN P., RIGAMONTI E., FREUDENBERG K., et
al.: Macrophages commit postnatal endothelium-derived
progenitors to angiogenesis and restrict endothelial to
mesenchymal transition during muscle regeneration. Cell
Death Dis,, 201; 5: 1031, 2014.

17- MATEEN S., MOIN S., KHAN A.Q., et al.: Increase
dReactive Oxygen Species Formation and Oxidative Stress
in Rheumatoid Arthritis. PLoS One, 11 (4): e0152925,
2016.

18- STILLS H.F.: Adjuvants and Antibody Production: Dis-
pelling the Myths Associated with Freund's Complete and
Other Adjuvants. ILAR Journal, 46 (3): 280-93, 2005.

19-ADHIKARY R., MAJHI A.,, MAHANTI S, et al.: Protec-
tive effects of methanolic extract of Adhatodavasica Nees
leaf in collagen-induced arthritis by modulation of synovial
toll-like receptor-2 expression and release of pro-infla-
mmatory mediators. Journal of Nutrition & Intermediary
Metabolism, 3: 1-11, 2016.

20- FILIPPINI H.F., SCALZILLI P.A., COSTA K.M., et al.:
Activation of trigeminal ganglion satellite glial cellsin
CFA-induced tooth pulp pain in rats. PLoS One, 13 (11):
€0207411, 2018.

21- RANA AK., LI Y., DANG Q., et a.: Monocytesin rheu-
matoid arthritis: Circulating precursors of macrophages
and osteoclasts and, their heterogeneity and plasticity
rolein RA pathogenesis. Int. Immunopharmacol., 65:
348-59, 2018.

22- ELSHABRAWY H.A.,CHEN Z., VOLIN M.V et d.:
The Pathogenic Role of Angiogenesisin Rheumatoid
Arthritis. Angiogenesis, 18 (4): 433-48, 2015.

23- ABILDTRUP M., KINGSLEY G.H. and SCOTT D.L.:
Calprotectin as a biomarker for rheumatoid arthritis: A
systematic review. The Journal of Rheumatology, 42 (5):
760-70, 2015.

24- LEI Y., CHEN B.J,, ZENG L., et a.: Application value
of low-dose computed tomography for the screening of
lung cancer in high-risk group].Sichuan Da XueXueBao
Yi Xue Ban, 43 (4): 584-7, 2012.

25- PRAVEEN M. and JANARTHAN M.: Evaluation of anti
arthritic activity of aqueous extract of Hibiscus Platinifo-
liusin albino rats. Indian Journal of Research in Pharmacy
and Biotechnology, 1 (6): 2321-5674, 2013.

26- JUNG SM., LEE J,, BAEK S.Y ., et a.: Ethyl pyruvate
ameliorates inflammatory arthritisin mice. Int. Immunop-
harmacol., 52: 333-41, 2017.

27- PATEL S.S. and SHAH P.V.: Evaluation of anti-infla-
mmatory potential of the multidrug herbomineral formu-
lation in male Wistar rats against rheumatoid arthritis. J.
Ayurveda. Integr. Med., 4 (2): 86-93, 2013.

28- HAN B.H., LEE Y .J,, YOON J.J, et a.: Hwangryunhae-
doktang exerts anti-inflammation on L PS-induced NO
production by suppressing MAPK and NF-kB activation
in RAW264.7 macrophages. J. Integr. Med., 15 (4): 326-
36, 2017.

29- ANDERSSON U. and HARRISH.E.: Therole of HMGB 1
in the pathogenesis of rheumatic disease. Biochim. Bio-
phys. Acta, 1799 (1-2): 141-8, 2010.



2554 Effect of EP on High Mobility Group Box | & Oxidative Sressin Induced RA

30- XU C., CHEN G., YANG W., et a.: Hyaluronan amelio-
rates L PS-induced acute lung injury in mice viaToll-Like
Receptor (TLR) 4-dependent signaling pathways. Int.
Immunopharmacol., 28 (2): 1050-8, 2015.

31- WANG L., ZHANG H., SUN M., et a.: High mobility
group box 1-mediated autophagy promotes neuroblastoma
cell chemoresistance. Oncol. Rep., 34 (6): 2969-76, 2015.

32- AGALAVE N.M. and SVENSSON C.I.: Extracellular
High-Mobility Group Box 1 Protein (HMGB 1) asaMe-
diator of Persistent Pain 2014, 20 (1): 569-78, 2014.

33- SEYHAN S, PAMUK O.N., PAMUK G.E,, et a.: The
correl ation between ferritin level and acute phase param-
etersin rheumatoid arthritis and systemic lupus erythema-
tosus. Eur. J. Rheumatol ., 1 (3): 92-5, 2014.

34- L1 G.Q.,,ZHANG Y., LIU D., et a.: PI3 kinase/Akt/HIF-
la pathway is associated with hypoxia-induced epithelial-
mesenchymal transition in fibrobl ast-like synoviocytes
of rheumatoid arthritis. Mol. Cell Biochem., 372 (1-2):
221-31, 2013.

35- EASTGATE JA., SYMONSJA., WOOD N.C, et al.:
Plasma levels of interleukin-1-alphain rheumatoid arthritis.
Br. J. Rheumatol., 30 (4): 295-7, 1991.

36- YANG N.Y., WANG C.Y., CHYUAN I.T., et a: Significant
association of rheumatoid arthritis-related inflammatory
markers with non-surgical periodontal therapy. J. Formos
Med. Assoc., 117 (11): 1003-10, 2018.

37- YIN J,, HUANG Y., GAO G,, et a.: Changes and signif-
icance of inflammatory cytokinesin arat model of cervical
spondylosis. Exp. Ther. Med., 15 (1): 400-6, 2018.

38-UTTARA B, SINGH A.V., ZAMBONI P,, et a.: Oxidative
stress and neurodegenerative diseases: A review of up-
stream and downstream antioxidant therapeutic options.
Curr. Neuropharmacol., 7 (1): 65-74, 2009.

39- GIUNTA S, CASTORINA A., MARZAGALLI R, et al.:
Ameliorative effects of PACAP against cartilage degen-
eration. Morphological, immunehistochemical and bio-
chemical evidence from in vivo and in vitro models of
rat osteoarthritis. Int. J. Mol. Sci., 16 (3): 5922-44, 2015.

40- ZHANG S., YANGT., XU X., et a.: Oxidative stress and
nitric oxide signaling related biomarkers in patients with
pulmonary hypertension: A case controlstudy. B.M.C.
Pulm. Med., 15: 50, 2015.

41- SLYSKOVA J,LORENZO Y., KARLSEN A, et al.:
Both genetic and dietary factors underlie individual
differencesin DNA damage levels and DNA repair capac-
ity. DNA Repair (Amst), 16: 66-73, 2014.

42- RUBAEI Z.M., MOHAMMAD T.U. and ALI L.K.: Effects
of local curcumin on oxidative stress and total antioxidant
capacity in vivo study. Pak. J. Biol. Sci., 17 (12): 1237-
41, 2014.

43- ROSSMANN C., NUSSHOLD C., PAAR M., et a.: Ethyl
pyruvate inhibits oxidation of LDL in vitro and attenuates
oxLDL toxicity in EA.hy926 cells. PLoS One, 13 (1): 1-
19, 2018.

44- ALGIERI F., RODRIGUEZ-NOGALESA., GARRIDO-
MESA J, et a.: Intestinal anti-inflammatory activity of
calcium pyruvate in the TNBS model of rat colitis: Com-
parison with ethyl pyruvate Biochem Pharmacol., 103:
53-63, 2016.

TJE0 ddle Ao el (gubiua (e (Ao oty ity Sy ¥ »O0
O (B Jaiaed (Slagilag ) Jolaedt Llgd) B (SwSTYI sl Jley

iy Jealiall 6 o3y olel] 50 Loculid €ilinLiny € pels L1301 Teliall (2 05eT (o 2 m 5 csasilagl ualiall oLgil
Aanlly A8 gl Ll e alge 5 558 3 Loy Lo T st cgsilagsl Jombiall Ly Lol lsaall J15 oLl
gl 13 WIS T pram (b ALY Lol [ysmn campenls Leall Zeat] (ole 8,891 TisF) (i 80naS Boliaall slgall e i
Sy il (8 JalSIb g si selue Suley Jatiall guysilagyll Jealiall Gleal] e cubysn Jia¥) 550 puis 58 Lol yull 38 (e
Zegamall o(Unslall Zegans) 181 depanall scloganme g 1) crnnad ils oLl 3, 0S5 a V- site sle Zuulpall e
(sl 3 Lol gt el Bole cyo sillin +. ) Bumly Feyons Lyl 3 i Vo skt glamiall ysilanll colell] depans) Lt
aale £+ ey oliall i e il ot e s bl sssilagll colgil] Lo o] 13m0 asts g 3tall e gans) BIEII Zepannal
£+ de o Jaki cudy s Jis) Joloe cuhiel 1sa Vo Jadi calysn JY dagane) Lol oll dasanally (paslaad ¥ 8ual sy JS paS I
i Oiang Y gyl Balaall alua¥l (yo S (g sinnn i ] eleganal] S it iy (gl ¥ 8l pgs S paS ! o
tuals (g3l yall pe it Ayl aS LI i o (gsianns elisiill waeaT (bias Y Sl yml () Jal) Ale deganall Gpsicn
b Lipale Sty el ol poll odn sl iy . opall dypin b ansSTl algaly eliall Slea b eblhayl bl be 3S
el Bl 0T (g gloung Gy V opSaal 50Y L Y JET Llle deganall Gosiia Sian «Onian 4B¥ gyiead Balidiall pluaa¥l 3o S (g5iuua
IS (g5t 5b Lisale Sty Lalini ek o Lokas Ll e pamall g K1) 00aSY) @laliie (g5iune 5b Lalinal Lpgls caila Il
wila (M edi il ws] (ggianay G V GSealBY ) (JEl Lle dosanall Goaiea Oflar sy 48 g5kl Salidall alua¥l e
o s ) oia ulad le casiy s JAYG Linllan o3 301 BIEH Zepannall b LI 5.00SY] lobiin cgpione b Lelis,] ysgls
el Loadle Lol sice] Biay 8 €5l 583 olidias cbleil ol L3 iy e LY ) o | pail

CI



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8

