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Abstract— Rheumatoid arthritis (RA) is an autoimmune disease characterized by inflam-

mation in the joints. Although methotrexate (MX) is the first-line treatment, side effects are
common. This study aimed to investigate the effects of quercetin (QT) and/or MX on
inflammation and systemic toxicity in a rat model of RA. Male Wistar rats were divided into
control (C), RA, QT, MX, and QT + MX groups (n=6). The RA induction consisted of three
intra-articular injections of methylated bovine serum albumin (1x/week) in the temporoman-
dibular joint (TMJ). QT (25 mg/kg) and/or MX (0.75 mg) administration occurred by oral
gavage daily. We performed mechanical hyperalgesia in TMJ, leukocyte recruitment in
synovial fluid, histopathology, and immunohistochemistry (TNF-«, IL-17, and IL-10) in
synovial membrane and toxicity parameters. The RA showed a reduction in the nociceptive
threshold (p<0.001), increase in leukocyte recruitment in synovial fluid (p<0.001), intense
inflammatory infiltrate (p<0.001), and intense immunoexpression of TNF-c, IL-17, and IL-
10 in the synovial membrane (p<0.001) compared to C (p<0.001). QT and/or MX therapy
reduced inflammatory parameters (p<0.001). However, downregulation of IL-10 was ob-
served only in the groups that received MX (p<0.001). Leukocytosis was seen in RA
(p<0.05), but QT and/or MX reversed it (p<0.05). MX was associated with pathological
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changes in the liver and higher levels of transaminases when compared to the other groups
(p<0.05). QT co-administered with MX reversed this hepatotoxicity (p<0.05). There were no
alterations in the kidney between the groups (p>0.05). QT has potential to support MX
therapy, showing anti-inflammatory and hepatoprotective effects in this model.

KEY WORDS: : rheumatoid arthritis; inflammation; flavonoid; quercetin; methotrexate.

INTRODUCTION

Rheumatoid arthritis (RA) is a systemic autoimmune
disease, characterized by inflammation, pain, and dysfunc-
tion in multiple joints [1]. Although the joints of the hands,
wrists, and feet are the most affected in RA, the temporo-
mandibular joint (TMJ) may be involved [2]. However,
studies that assess the RA manifestations in the orofacial
region are scarce [3].

The treatment of RA varies according to the stage,
activity, and severity of the disease and rarely achieves
complete remission [1]. Disease-modifying antirheumatic
drugs (DMARDs) have antiproliferative, immunosuppres-
sive, and anti-inflammatory activity, controlling the pro-
gression of RA [4]. Currently, methotrexate (MX) is the
first-line treatment in RA progression [5]. Despite the good
therapeutic effect, the long-term administration of MX may
cause relevant side effects, such as drug resistance, leuko-
penia, liver, and kidney damage [6, 7].

Therefore, alternative therapies and natural com-
pounds with potential to intensify the action of MX and
reduce its side effects have been encouraged in RA [1, 8].
Quercetin (QT/3,3', 4', 5,7-pentahydroxyfavone) is a
polyphenic flavonoid widely found in fruits and vegeta-
bles, such as apple, red grape, onion, and broccoli, and in
nutritional supplement with antioxidant and anti-
inflammatory properties [9, 10]. This substance is safe,
well tolerated, and have been used to treat or prevent
diverse chronic conditions including periodontitis, obesity,
diabetes, cancer, and rheumatic diseases [11-15].

Evidences indicate QT is an applicable therapy in RA,
which promotes apoptosis of synoviocytes in cell culture,
downregulates pro-inflammatory mediators and modulates
transcription factor signaling pathways in preclinical stud-
ies, ameliorates clinical symptoms, and reduces pro-
inflammatory cytokines in plasma levels of RA pa-
tients [16—-19]. However, it has not been reported that
this flavonoid enhances the therapeutic effect of MX
and reduces its side effects.

In this way, the present study aimed to investigate the
effects of QT alone or combined with MX on inflammation
and systemic toxicity in a rat model of RA.

MATERIALS AND METHODS

Ethics Statement

The experimental procedures were approved by the
Ethical Committee on Animal Use (CEUA) of the Federal
University of Ceara, Brazil (no. 148/17), according to the
National Institutes of Health Guide for the Care and Use of
Laboratory Animals (NIH Publications n°® 8023, revised
1978) and the ARRIVE guidelines, UK. The animals were
maintained in cages (3 rats per cage) in a quiet room with
controlled temperature (22°C), light/dark cycle 12/12 h,
and easy access to water and food.

Animals

Thirty male Wistar rats (7-8 weeks old; 180220 g), from
the Central Animal Facility of the Federal University of Ceara,
were randomly divided into five experimental groups (n=6):
control (C), animals withRA (RA), animals with RA and treated
with QT (QT), animals with RA and treated with MX (MX),
animals with RA and treated with QT and MX (QT + MX).

Induction of Experimental Rheumatoid Arthritis

The antigen-induced RA model was chosen because
it develops an immune-mediated arthritis with morpholog-
ical characteristics similar to that of humans. Initially, the
animals were sensitized to the antigen with a subcutaneous
injection in the back containing 500 pg of methylated
bovine serum albumin (mBSA; Sigma-Aldrich, St. Louis,
USA) diluted in an emulsion with 100 ul of phosphate-
buffered saline (PBS) and 100 ul of complete Freund’s
adjuvant (CFA; Sigma-Aldrich, St. Louis, USA). Subcuta-
neous booster injections containing 500 pg of mBSA,
100 pl of PBS, and 100 pl of incomplete Freund’s adjuvant
(IFA; Sigma-Aldrich, St. Louis, USA) were administered
on the 7th and 14th days after the first immunization.

Twenty-one days after the sensitization phase, the
animals received intra-articular challenges with mBSA.
After intraperitoneal anesthesia with ketamine 2% (80
mg/kg) and xylazine 10% (10 mg/kg), 10 pg of mBSA
dissolved in 10 pul of PBS was administered in the supra-
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disc space of the left TMJ. Intra-articular reinforcement
challenges were administered on 28th and 35th days. The
animals were euthanized 24 h after the third intra-
articular challenge by a high dose of 10% ketamine
and 2% xylazine. The control group received TMJ
injections with PBS [20].

Drug Administration Protocol

A pilot study was performed to provide the best anti-
inflammatory dose of QT. Thus, QT 25, 50, or 100 mg/kg
was administered by oral gavage daily in rats with RA in
TMIJ [21]. It was observed that the groups treated with QT
in different doses did not show statistical difference in the
inflammatory parameters (Supplement Material: SM Fig.
1, SM Fig. 2 and SM Table). Thus, the lowest QT dose was
chosen to the following analyses.

QT (25 mg/kg; purity>98%; Sigma-Aldrich, St. Lou-
is, USA) and/or MX (0.75 mg; Tecnomet, Zodiac, Sdo
Paulo, Brazil) was performed by oral gavage daily from
the 24th h after the first intra-articular challenge until the
last day of induction of RA (D22-D35) [15]. Control group
and RA group received saline solution.

Mechanical Hyperalgesia Assessment

Mechanical hyperalgesia was assessed in the TMJ by
an electronic analgesimeter (Eletronic Von Frey Digital,
Insight, Sdo Paulo, Brazil). The animals were conditioned
to the nociceptive response assessment test for 5 days and
after this period were kept for 20 min in plastic boxes, and
then the device was applied to the left TMJ region, until a
reflex response from the animal was obtained (head re-
moval movement) [22]. The application was repeated three
times, recording the intensity of force in grams (g). The
average of the recorded values was made 6 h after the intra-
articular challenges on 21st, 28th, and 35th days by a
blinded and calibrated examiner (A.C.F.C.).

Leukocyte Recruitment in Synovial Fluid

After euthanasia, the skin and muscles around the left
TMIJ were dissected, and the joint cavity was washed and
aspirated with 50 pl of phosphate-buffered saline (PBS)
added to 10 mM of ethylenediamine tetra acetic acid
(EDTA). The washing procedure was repeated, and the
synovial fluid was collected. For total leukocyte count,
20 pl synovial fluid was diluted in 380 pl of Turk’s
solution, and a treatment-blinded examiner (L.M.S.) deter-
mined the number of leukocytes using a Neubauer cham-
ber (BRAND®, Sigma-Aldrich, St. Louis, USA) [23].

Histopathological Analysis of the Synovial Membrane

The TMIJs collected were fixed in 10% buffered
formaldehyde for 48 h and demineralized in 4%
ethylenediamine tetra acetic acid (EDTA). After inclusion
in paraffin, the samples were cut into 5-pm sections,
mounted on slides, and stained with hematoxylin-eosin
(HE). An experienced and treatment-blinded pathologist
(K.M.A.P.) analyzed them under a light microscope (Leica
DM 2000, Wetzlar, Germany) and applied scores by a
semi-quantitative analysis for inflammatory infiltrate in
the synovial membrane (0 = absent, 1 =mild, 2 = moderate,
3 =severe) [24].

Immunohistochemical Analysis of the Synovial
Membrane

The streptavidin-biotin-peroxidase method was used
in tissue sections (3 wm) embedded in paraffin in micro-
scope slides coated with poly-L-lysine. After
deparaffinization, rehydration, and antigenic recovery with
citrate buffer (pH 6.0; 30 min; 85°C), the slides were
subjected to blockade peroxidase with 3% hydrogen per-
oxide diluted in PBS for 30 min. After washing in PBS, the
samples were incubated overnight with the primary rabbit
anti-tumor necrosis factor (TNF)-o¢ (Abcam, Cambridge,
UK), primary rabbit anti-interleukin (IL)-17 (Santa Cruz
Biotechnology, Texas, USA), and primary rabbit anti-IL-
10 (Abcam, Cambridge, UK), using a 1:100, 1:100 and
1:150 dilution, respectively.

Envision System Plus-HRP (Dako, Santa Clara,
USA) or the ImmunoCruz ABC Kit (Santa Cruz Biotech-
nology, Texas, USA) were used for secondary antibody
incubation. Immunostaining was stained with 3,3-diami-
nobenzidine (DAB) (Dako, Santa Clara, USA) and coun-
terstained with Harris hematoxylin. Then, the cuts were
dehydrated in a graded series of alcohol, diaphanized in
xylol, and mounted with Enthellam (Merck KGaA, Darm-
stadt, Germany) and a coverslip [25].

Five fields (x400) under an optical microscope (Leica
DM 2000, Wetzlar, Germany) were selected at random for
cell counts exhibiting cytoplasmic and/or nuclear positivity
(brown staining) for TNF-c, IL-17, and IL-10 in the syno-
vial membrane. Then, a treatment-blinded examiner
(A.C.F.C.) obtained an average of the count value of these
sections [20].

Toxicity Parameters Analysis

The peripheral blood samples were collected from the
caudal vein for the total leukocyte count and biochemical
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analysis of alanine aminotransferase (ALT) and aspartate
aminotransferase (AST). The leukocyte recruitment in the
peripheral blood followed the same protocol as the syno-
vial fluid counted by a treatment-blinded examiner
(A.C.F.C.). For biochemical analysis of transaminases,
the peripheral blood was centrifuged (1800 G; 10
min), and the plasma was collected, stored in a
—80°C freezer, and analyzed by a specific kit
according to the manufacturer’s guidelines (Labtest,
Lagoa Santa, Brazil) [26].

After the euthanasia, liver and kidney were removed
and fixed in buffered formaldehyde (10%) for 48 h. After
this period, histological slides (HE; Sum) were obtained.
The histopathological analysis was performed by an expe-
rienced and treatment-blinded pathologist (K.M.A.P.) un-
der an optical microscope (Leica DM 2000, Wetzlar, Ger-
many). Scores were applied for inflammatory infil-
trate (0 = absent, 1 = mild, 2 = moderate, 3 =
intense), edema (0 = absent, 1 = mild, 2 = moderate,
3 = severe), and hemorrhagic lesion (0 = absent, 1 =
mild, 2 = moderate, 3 = severe) [27].

Statistical Analysis

Quantitative data were presented as mean =+ standard
error of the mean (SEM), analyzed by Shapiro-Wilk nor-
mality test and compared by analysis of variance
(ANOVA)-one-way, followed by Tukey post hoc test
(parametric data). Semi-quantitative data were presented
as median (maximum and minimum), analyzed by
Shapiro-Wilk normality test, and compared by Kruskal-
Wallis test, followed by Dunn post hoc test (nonparametric
data). The software GraphPad Prism 7 (La Jolla, USA) was
used to perform the statistical analysis and to create the
artwork. Differences were considered as statistically sig-
nificant at p<0.05.

RESULTS

Mechanical Hyperalgesia Assessment

Mechanical hyperalgesia in the TMJ region is a
parameter used to assess the development of inflamma-
tory diseases in the joint. In the present study, it was
observed that during the induction of RA in the TMJ,
the untreated arthritic animals showed a significant re-
duction in the nociceptive threshold from the 6th h after
the first, second, and third intra-articular challenge
when compared to C (p<0.0001) (Fig. la—c). At the
6th h after the second intra-articular challenge, the

arthritic animals treated with QT and/or MX showed a
significant increase in the nociceptive threshold when
compared to untreated arthritic animals (p<0.0001)
(Fig. 1b). At the 6th h after the third intra-articular
challenge, it was observed that there was no statistical
difference in the nociceptive threshold between the an-
imals that received QT co-administered with MX (QT +
MX) and the control animals (p>0.05) (Fig. 1c).

Leukocyte Recruitment in Synovial Fluid

There was a significant increase in the leukocyte
recruitment in the synovial fluid of untreated arthritic ani-
mals when compared to control animals (p<0.0001). Ar-
thritic animals treated with QT and/or MX showed a sig-
nificant reduction in this cell migration when compared to
untreated arthritic animals (p<0.0001). There was no sta-
tistical difference between the treated groups and the C
group (p>0.05) (Fig. 2).

Histopathological Analysis of the Synovial Membrane

In histopathological analysis, the RA group presented
an intense mononuclear inflammatory infiltrate in the sy-
novial membrane with pannus formation (Table 1; Fig.
3¢, d). All treatment groups (QT, MX, QT + MX) showed
significant reduction in the inflammatory infiltrate when
compared to the RA group (p<0.0001), and there was no
statistical difference between them and C group (p>0.05)
(Table 1; Fig. 3e—j).

Immunohistochemical Analysis of the Synovial
Membrane

The untreated arthritic animals showed a significant
increase in the immunoexpression of TNF-«, IL-17 and
IL-10 of the synovial membrane when compared to control
animals (p<0.0001). Arthritic animals treated with QT and/
or MX showed a significant reduction in TNF-oc and IL-17
immunoexpression (p<0.0001). However, the QT + MX
group showed the best response in TNF-«, with no differ-
ence in relation to the C group (p>0.05). QT did not modify
the immunoexpression of IL-10 in arthritic animals
(»>0.05). The MX administration reduced the IL-10
immunoexpression in RA and QT groups (p<0.0001),
and it was not observed a statistical difference with the C
group (p>0.05) (Fig. 4a—r).

Toxicity Parameters Analysis

The untreated arthritic animals presented leukocytosis
when compared to the C group (p<0.0001). QT and/or MX
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Fig. 1. a Analysis of mechanical hyperalgesia in the left TMJ on 6th h after the 1st intra-articular challenge of experimental groups. b Analysis of mechanical
hyperalgesia in the left TMJ on 6th h after the 2nd intra-articular challenge of experimental groups. ¢ Analysis of mechanical hyperalgesia in the left TMJ on
6th hour after the 3rd intra-articular challenge of experimental groups. Each bar represents the mean + SEM (n=6). p<0.0001; ANOVA-one-way; Tukey.
Same letters indicate no statistical significance. C control animals, RA animals with RA in TMJ, QT animals with RA in TMJ and treated with QT, MX
animals with RA in TMJ and treated with MX, QT + MX animals with RA in TMJ and treated with QT and MX.

treatment showed a significant reduction of leukocyte re-
cruitment in peripheral blood when compared to untreated
arthritic animals (p<0.0001). There was no statistical dif-
ference between the treated groups when compared to the
C group in this parameter (p>0.05) (Fig. Sa)

100-

80+

Total cell count X 105mi
Synovial flui

C

Fig. 2. Leukocyte recruitment in synovial fluid of experimental groups. Each bar represents the mean + SEM (n=6). p<0.0001; ANOVA-one-way; Tukey.
Same letters indicate no statistical significance. C control animals, RA animals with RA in TMJ, QT animals with RA in TMJ and treated with QT, MX
animals with RA in TMJ and treated with MX, QT + MX animals with RA in TMJ and treated with QT and MX.

In biochemical analysis of transaminases, it was ob-
served that the RA and the use of isolated MX were
associated with higher levels of ALT and AST when
compared to the C group (p<0.0001). The use of QT
reduced the ALT and AST levels of these groups,

RA QT

MX QT+ MX
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Table 1. Semi-Quantitative Analysis of the Histopathological of TMJ in
Experimental Groups

Groups Inflammatory infiltrate in
synovial membrane

C 0 (0-0)
RA 3(2-3)°
QT 1 (1-2)
MX 1 (1-2)°
QT + MX 0.5 (0-1)

Each value represents the median (minimum-maximum) (n=6). p<0.0001;

Kruskal-Wallis; Dunn. Same letters indicate no statistical significance

C control animals, RA animals with RA in TMJ, OT animals with RA in
TMJ and treated with QT, MX Animals with RA in TMJ and treated
with MX, QT + MX animals with RA in TMJ and treated with QT and
MX

demonstrating a hepatoprotective tendency of this flavo-
noid (p<0.0001) (Fig. 5b, c).

In the histopathological analysis of the liver, the arthrit-
ic animals that received only MX had the worst parameters

QT- i 0F

for inflammatory infiltrate, edema, and hemorrhagic injury
(p<0.05). QT co-administered with MX (QT + MX) reduced
inflammatory infiltrate, edema, and hemorrhagic injury
(p<0.05). The RA, QT, and QT + MX groups showed no
statistical difference in the morphological parameters
assessed when compared to control animals (p>0.05) (Ta-
ble 2; Supplement Material: SM Fig. 3).

In the histopathological analysis of the kidney, there
were no significant morphological alterations for inflam-
matory infiltrate, edema, and hemorrhagic between the
experimental groups (p>0.05) (Table 2; Supplement Mate-
rial: SM Fig. 3).

DISCUSSION

Our results suggest that QT reduces inflammation and
shows hepatoprotective effect in an experimental model of
RA in TMJ. Therefore, QT may be useful to support the
MX therapy in RA, reducing its side effects.

i‘.“_,';f/ o "J%f ‘-_‘ﬁ

Fig. 3. Photomicrographs of the TMJ of experimental groups. a Normal TMJ overview. b Normal TMJ synovial membrane. ¢ TMJ of RA group overview,
showing pannus formation (P). d Synovial membrane of RA group, showing intense mononuclear inflammatory infiltrate (MII) and hemorrhage (H). e TMJ
of QT group overview. f Synovial membrane of QT group, with moderate inflammatory infiltrate. g TMJ of MX group overview. h Synovial membrane of
MX group, with moderate inflammatory infiltrate. i TMJ of QT + MX group overview. j Synovial membrane of QT + MX group, with mild inflammatory
infiltrate. x40 and %200 magnification. C control animals, RA animals with RA in TMJ, QT animals with RA in TMJ and treated with QT, MX animals with
RA in TMJ and treated with MX, QT + MX animals with RA in TMJ and treated with QT and MX.
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Fig. 4. Photomicrographs and evaluation of the immunoexpression of inflammatory markers in synovial membrane of experimental groups. a—f TNF-cx. g-1
IL-17. m—r IL-10. x400 magnification. Each bar represents the mean + SEM (n=6). p<0.0001; ANOVA-one-way; Tukey. Same letters indicate no statistical
significance. C control animals, RA animals with RA in TMJ, QT animals with RA in TMJ and treated with QT, MX animals with RA in TMJ and treated
with MX, QT+MX animals with RA in TMJ and treated with QT and MX.

In the present study, the possible mechanism for re- Synovitis in RA is characterized by an intense
versing the hyperalgesic state in TMJ region of arthritic cellular infiltration in the synovium and synovial
animals with QT and/or MX therapy was the reduction of membrane [32]. Thus, RA patients have high levels
joint inflammation [28]. Pain is a relevant symptom in RA of leukocytes, such as macrophages, monocytes,
and affects the quality of life of patients [19]. In the orofacial plasmocytes and dendritic cells, and high levels of
region, pain perception occurs through activation of the pro-inflammatory mediators, such as IL-13, IL-6, IL-
trigeminal nociceptive pathway [29]. In processes involving 17, and TNF-« in the synovial fluid and tissues [33].
inflammatory pain, this activation begins by sensitizing the Our investigation corroborates this evidence when un-
free nerve endings by inflammatory mediators, resulting in treated arthritic animals showed an increase in leuko-
positive functional regulation of nociceptive receptors, re- cyte recruitment in the synovial fluid and synovial
sponsible for hyperalgesia [30]. The pharmacological man- membrane with pannus formation. An interesting out-
agement of peripheral inflammatory pain is important to come was that QT and/or MX therapy reduced this
prevent, to block, or to reverse the hyperalgesic state [31]. joint inflammation.
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Fig. 5. a Leukocyte recruitment in peripheral blood of experimental groups. b Plasma ALT level of experimental groups. ¢ Plasma AST level of experimental
groups. Each bar represents the mean + SEM (n=6). p<0.0001; ANOVA-one-way; Tukey. Same letters indicate no statistical significance. C control animals;
RA animals with RA in TMJ; QT animals with RA in TMJ and treated with QT; MX animals with RA in TMJ and treated with MX; QT + MX animals with
RA in TMJ and treated with QT and MX.
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Table 2. Semi-Quantitative Analysis of the Histopathological of Liver and Kidney in Experimental Groups

Groups Inflammatory infiltrate Edema Hemorrhagic injury

Liver Kidney Liver Kidney Liver Kidney
C 00-1)* 0(0-0)* 1(1-2)*° 00-1* 0(0-0)* 0@-1*
RA 1(0-2)* 0(0-0)* 2(2-3)* 0(-1)* 0.50-1* 0@O-1n*
QT 0(0-0)* 0(0-0)* 2(1-3)° 1(0-2)*° 0@-1* 0(0-0)*
MX 2(1-2)° 0(0-0)* 25024)° 1(0-2)° 1(1-3)° 0(0-0)*
QT + MX 0.5(0-1)* 0(0-0)* 2(1-2)* 00-1* 0(-1)* 0-1*

Each value represents the median (minimum-maximum) (n=6). p<0.0001; Kruskal-Wallis; Dunn. Same letters indicate no statistical significance
C control animals, RA animals with RA in TMJ, QT animals with RA in TMJ and treated with QT, MX animals with RA in TMJ and treated with MX, QT +

MX animals with RA in TMJ and treated with QT and MX

The imbalance of cytokine production is common in
RA, with excess of pro-inflammatory mediators compared
with anti-inflammatory mediators [5]. Thus, we investigat-
ed the immunoexpression of TNF-«, IL-17, and IL-10
immunoexpression that show relevance in the RA patho-
genesis. TNF-« plays a central role in the development and
maintenance of RA, directly contributing to synovial in-
flammation and tissue degradation by increasing the pro-
duction of chemokines, adhesion molecules, and other
effector cells [34]. IL-17, on the other hand, acts locally
on synoviocytes and osteoblasts, contributing to synovitis
and joint destruction mediated by metalloproteinases and
other effector molecules [34, 35]. The effect of IL-17A is
enhanced by TNF-« and causes upregulation of other pro-
inflammatory cytokines, such as IL-6 and IL-8, promoting
an invasive synoviocyte phenotype [36]. In fact, the use of
TNF-o and IL-17 inhibitors is considered a well-
established therapy for RA, revealing the importance of
these mediators in this pathological condition [37].

IL-10 is a key cytokine in autoimmune disorders,
playing immunoregulatory, anti-inflammatory, and/or
pro-inflammatory roles in the pathogenesis of RA [38,
39]. Generally, IL-10 is located in the lining layer of the
synovial membrane, where monocyte migration occurs,
inhibiting pro-inflammatory cytokines, such as IL-6, IL-
113, and TNF-« [40]. Thus, the IL-10 deficiency is associ-
ated with an exacerbation of the inflammatory response,
resulting in tissue damage [41]. Our study observed an
increase in the immunoexpression of IL-10 in the synovial
membrane in the RA group compared to the C group. This
is possibly an attempt to repair the local lesion through a
compensatory mechanism for downregulation in the pro-
inflammatory cytokines. This finding corroborates a previ-
ous study that found higher serum levels of IL-10 in RA
patients when compared to healthy volunteers and that it
correlated with the disease activity [38].

In the present study, QT and/or MX therapy reduced
the immunoexpression of TNF-« and IL-17 in arthritic
animals, in agreement with other studies in the literature
[42]. However, the reversal of TNF-o« immunoexpression
was more effective in the group with the co-administered
drugs, suggesting a synergistic effect. MX has an immu-
nosuppressive action, reducing neutrophil chemotaxis and
anti- and pro-inflammatory cytokines [4, 15, 43]. On the
other hand, QT reduces inflammation in RA through the
modulation of immune cells; inflammatory mediators, such
as IL-1f3, IL-6, IL-17, and TNF-«; and matrix metallopro-
teinases [15]. Besides that, previous studies revealed that
this flavonoid increases the levels of pro-inflammatory
cytokines, like IL-10, although the mechanism is unclear
[44]. However, the immunoexpression of IL-10 in the
arthritic animals was not modified by QT in this investiga-
tion, but only with MX administration.

RA patients treated with MX show a good clinical
response, but side effects are common with the long-term
administration, requiring blood count monitoring [7]. In
addition, it is estimated that 30-50% of patients treated
with MX experience reduced or no response with contin-
ued use [45]. Despite leukopenia and nephrotoxicity being
common during MX therapy, the therapeutic protocol of
this study was not able to promote these alterations, prob-
ably due to the short period of drug administration. Only
the untreated arthritic animals showed changes in periph-
eral blood: leukocytosis. The increase of the seric leuko-
cytes was also observed in RA patients, during periods of
disease activity, due to chronic systemic inflammation
[46]. In addition, the MX therapy and the untreated arthritic
animals were associated to the hepatic morphological al-
terations and to the increase of liver transaminases levels.
Our results showed that QT reduces the hepatotoxicity
associated with RA and MX therapy, suggesting a hepato-
protective effect.
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RA is a predominantly articular disease, although extra-
articular manifestations can be observed, such as cutaneous,
cardiac, pulmonary, and ocular [47]. Liver damage is not
recognized as an extra-articular manifestation of RA. How-
ever, patients with RA often experience hepatic alterations,
such as increase of ALT and AST by laboratory tests and
histopathology alterations by biopsy [48]. The cause of he-
patic damage in RA is controversial. The authors suggest that
these injuries are secondary to the administration of potential-
ly hepatotoxic drugs, such as MX [49]. Other evidence shows
that the liver of patients with autoimmune diseases is more
susceptible to damage, as this organ plays a significant role in
modulating the immune system in response to chronic in-
flammatory disorder [50].

In agreement with our results, recent studies suggest
the hepatoprotective potential of QT [51]. These authors
show that this flavonoid acts in modulating oxidative stress
mechanisms, apoptosis, inflammation, and signaling path-
ways in cell culture and in different animal models of liver
injury, such as drugs, toxins, or alcohol induced [51, 52].
However, there are no findings about the use of QT in
hepatotoxicity induced by MX therapy in RA.

The limitations of this study include the use of an
animal model and the short therapeutic protocol of MX that
was not able to develop leukopenia or nephrotoxicity in the
animals. In addition, although QT has shown positive
effects in this experimental model, it is known that the
use in naturally occurring form has questionable relevance
due to poor bioavailability. Further studies should be en-
couraged to investigate the use of QT bioconjugates.

CONCLUSIONS

Our research suggested that QT is a potential adjunc-
tive therapy for MX, presenting anti-inflammatory and
hepatoprotective effects in mBSA-induced RA in TMJ of
rats. Clinical investigations are required to support these
findings.
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