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ABSTRACT

Quercetin, a bioactive flavonoid with anti-inflammatory, immunosuppressive and
protective properties, is a possible agent for Rheumatoid Arthritis (RA). Collagen-
induced arthritis (CIA) is the most common animal model to study the pathogenesis of
RA. This study analysed the therapeutic role of quercetin in collagen-induced arthritis
in C57BL/6 mice. Animals were allocated into five groups: negative control, positive
control (arthritis), arthritistmethotrexate, arthritis+quercetin and
arthritistmethotrexatet+quercetin. Weight, oedema, joint damage and cytokines
production were assessed to determine the therapeutic effect of quercetin. This study
demonstrates for the first time that quercetin has anti-inflammatory and protective roles
in vivo in CIA. We also report that quercetin and methotrexate administered
concurrently show no more protection than a single agent. Quercetin as a
monotherapeutic agent showed the lowest degree of joint inflammation and the highest
protection. Less severe disease in animals treated with quercetin was associated with
decreased levels of TNF-a., IL-1f3, IL-17 and MCP-1. In conclusion, this study supports
the argument that quercetin produces better results with no known toxicity than
methotrexate in safeguarding joints from arthritic inflammation in mice. Quercetin
could be an alternative treatment for RA because it modulates the main pathogenic

pathways of RA.
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1. Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory and degenerative joint disease
affecting all ages, sexes and races [1, 2]. RA is characterized by swelling, pain and
stiffness in joints but it can also damage the heart, eyes, lungs, kidneys, and skin [3-7].
Patients with RA suffer progressive disability and increased risk of death [8]. Genetic,

hormonal and environmental factors have been related to RA [9-12].

Advances to develop new treatments for RA have relied on animal models. The
collagen-induced arthritis (CIA), model of RA, closely replicates the pathogenesis of
the disease. Currently, therapeutic products for RA include: 1) Conventional synthetic
disease-modifying antirheumatic drugs (DMARDs) such as methotrexate (Mtx),
sulfasalazine, leflunomide and hydroxychloroquine; 2) Biological DMARDs such as
TNF inhibitors, anti-B cell, anti-T cell and anti-IL6 R; and 3) Targeted synthetic
DMARD:s such as Janus kinase inhibitors [13]. Of all these medications, methotrexate
continues to be the most widely used treatment for RA because of its
immunosuppressive and anti-inflammatory effects as well as low cost. However,
methotrexate is not an ideal therapeutic agent due to its toxicity. Methotrexate has
adverse effects on the neuronal, gastrointestinal, reproductive, respiratory, urinary,
integumentary, cardiovascular and immune systems [14]. Therefore, there is a need to

develop better affordable therapeutic agents for RA.

Quercetin (Que) is a natural flavonoid found in vegetables, fruits, grains and nuts [15,
16]. This flavonoid does not cause toxicity or have secondary effects [17-21]. Plants
containing quercetin such as Bridelia ferruginea, Betula pendula and Poligonum
hydropiper L. have been used in traditional medicine for arthritic pain [22-24]. Que has
been described to have several effects including antioxidant, anti-proliferative, anti-
inflammatory, antihistamine, antiviral, anti-carcinogenic, psychostimulatory,
immunosuppressive and protective properties. [16]. Studies in vitro, ex vivo and in vivo
indicate that quercetin disturbs different pathways of inflammation. For example
quercetin a) inhibits DC and T cell activation, maturation and migration; b) reduces the
production of nitric oxide (NO), rheumatoid factor (RF), C-reactive protein (CRP),
cytokines, chemokines and prostaglandins (examples include TNF-a, IL-1f3, IL-1a,
INFy, MCP-1, IL-6, IL-10, IL-12 p70, MIP-1a, MIP-1b, RANTES and PGE-2); c)
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reduces the expressions of costimulatory molecules such as CD40, CD80, and CD86;
d) prevents angiogenesis; €) inhibits transcription factors such as NF-xf3; f) reduces
enzymes like MMPs, COX, hyaluronidases and collagenases; g) promotes apoptosis of

pathogenic cells, and h) inhibits oxidative metabolism [21, 25-33].

In summary, despite methotrexate being an effective drug for RA, it is not specific for
the disease and puts at risk the life of patients. Alternative therapies are required to treat
RA. In the present study, anti-inflammatory and joint protective properties of quercetin

were studied using C57BL/6 collagen-induced arthritis mouse model.

2. Materials and Methods
2.1. Reagents

Chicken Type II collagen, Complete Freund’s Adjuvant (CFA), Incomplete Freund’s
Adjuvant (IFA), methotrexate and quercetin were purchased from Sigma-Aldrich (St
Louis, MO, USA). Phosphate Buffer Saline (PBS) was acquired from Thermo Fisher
(Newstead, QLD, Australia). The cytokine kits were purchased from BD Biosciences
(North Ryde, NSW, Australia).

2.2. Induction and evaluation of collagen-induced arthritis

Mice were injected sub dermally at day 0 with an emulsion containing chicken type II
collagen and CFA. Following the first injection, mice received a booster injection at
day 21 with an emulsion of chicken type II collagen and IFA. Every five days, collagen-
induced arthritis was evaluated by visual scoring of the paws including the adjoining
area. In addition, swelling in the ankles was measured with digital calipers. Each paw
was scored from O to 4 as follows: 0 = normal, 1 = erythema and mild swelling, 2 =
erythema and swelling extending to ankle joints and one or two toes, 3 = erythema and
swelling extending to metatarsal joints and more than two toes and 4 = ankylosing
deformity with joint swelling. Scores from the four paws were added to get a

cumulative score of 0 to 16.
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2.3. Treatment groups

C57BL/6 mice aged 10-12 weeks were obtained from the Small Animal Breeding
Facility of James Cook University. The James Cook University Animal Ethics
Committee approved all studies. Mice were allocated into five groups according to the
treatment: 1) Negative Control (Control), 2) Positive Control (Arthritis), 3)
Arthritis+tMtx, 4) Arthritis+Que and 5) Artritis+tMtx+Que.

The negative control group did not receive any treatment. Arthritis was induced in the
following groups: Arthritis, ArthritistMtx, Arthritis+Que and Arthritis+tMtx+Que. In
addition, each mouse from these groups received daily treatments from day 21 to day
70. The Arthritis group received subcutaneous injections of 100 pl of PBS. The
ArthritistMtx group was treated intraperitoneally (i.p.) with 0.5 mg/kg of methotrexate.
The Arthritis+Que was treated daily by oral gavage with 30 mg/kg of quercetin. The
ArthritistMtx+Que group was treated with both methotrexate (0.5 mg/kg i.p) and
quercetin (30 mg/kg oral gavage, daily).

2.4. Cytokine Assay

Mice were sacrificed by exsanguination under deep anesthesia 24 h after final treatment
(day 71) and blood was collected by cardiac puncture. Plasma was separated from blood
by centrifugation (1000g for 15 minutes). Plasma was stored at -80°C until it was tested
to detect pro- and anti-inflammatory cytokines. Quantitative measurement of cytokines
was performed with a Quantibody: Multiplex array (BD Pharmigen). Samples were
assayed following the protocol of BD Pharmigen in a CyAn ADP (Beckman Counter)

flow cytometer.

2.5. Radiographic Examination

From each group a mouse was chosen at random and anesthetized at the end of the
experiment (day 70). X-ray examination was carried out with a Multi Soft X-ray film

apparatus.
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2.6. Histopathological Analysis

Left hind knees were dissected out, cleaned and samples were fixed, decalcified and
embedded in paraffin to be sectioned. Sections of 5 pm were stained with Hematoxylin
and Eosin for a blind histopathological examination. Histopathological scoring (Table

1) was performed by a pathologist blinded to the identity of the sample group.

As histopathological scores differed among the groups, the medians of each group -
including synovitis, pannus formation, cell infiltration and cartilage and bone damage
- were obtained to exemplify the arthritic distribution. Further analysis of the minimum,
maximum and total scores of synovitis including pannus formation, cell infiltration,
cartilage damage, and bone damage was done using column analysis. The means were
rounded to the nearest integer and represented as (—) normal, (+) minimum, (++)

moderate, and (+++) maximum damage in the knee.

2.7. Statistical analysis

GraphPad Prism Version 7.0a was used for data analysis. Data were analysed by two-
way ANOVA with Dunnett’s multiple comparisons test; one-way ANOVA with
Kruskal-Wallis test and Dunn’s multiple comparisons test; column statistics and Mann-
Whitney U test. Results are reported as mean £ SEM. Mean results from the
histopathological analysis were rounded to the nearest integer and illustrated with (—)

and (+) symbols. P values below 0.05 were considered statistically significant.

3. Results
3.1. Weight loss and mortality

Each mouse was weighed at 5 day intervals to determine whether methotrexate and
quercetin had an effect on weight gain (Fig. 1A). The mouse weight was not influenced
either by arthritis, arthritistmethotrexate or arthritis+quercetin when compared to the
control group. However, when comparing the control group with the

ArthritistMtx+Que group, the weights in the latter group had significantly decreased
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from day 10 to day 70. Mice also lost weight at 45, 55, 60 and 65 days when the Arthritis
group was compared with the Arthritis+tMtx+Que group. While none of the other
groups showed mortality, the Arthritis+tMtx+Que group had 16.6% mortality (Table 2).
Thus the combined administration of methotrexate and quercetin caused a significant

weight loss and mortality in mice.

3.2. Paw oedema

All four paws were visually examined and scored for oedema to determine whether
quercetin plays a protective role in collagen-induced arthritis (Fig. 1B and Table 2).
The negative control group did not show signs of oedema. All mice with CIA showed
signs of oedema in the four paws. Mice with arthritis treated with methotrexate or
quercetin showed reduced paw oedema from day 50 to day 70 compared to mice with
arthritis but without treatment. Mice also showed reduced paw oedema from day 60 to
day 70 when methotrexate and quercetin were administered together. The number of
mice with a maximum score in any paw was higher in mice with arthritis and mice with
arthritis treated with methotrexate. The number of paws with maximum score was
higher in mice with arthritis. The maximum score of paw oedema was seen for 10 to 35
days in mice with arthritis, 5 days in mice with arthritis treated with methotrexate or
quercetin and 1 day in mice with arthritis treated with methotrexate + quercetin. The
cumulative disease decreased significantly in mice treated only with quercetin,
particularly the severity of oedema. It is shown that the beneficial effect of methotrexate
and quercetin in oedema was delayed when these drugs were administered
concurrently. As stated, the administration of methotrexate + quercetin decreased the

severity of oedema but not more than quercetin alone.

3.3. Ankle thickness

The width of the ankles was measured every five days to determine the role of quercetin
in ankle inflammation (Fig. 1C-D). Thickness of the left and right ankles differed
significantly between the control group and the arthritis group from day 35 in the left
paw and from day 40 in the right paw to day 70 in both paws. Even though the thickness

of the left ankle seemed to be lower in mice treated with quercetin compared to those
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with arthritis, significant differences between these groups was seen only on day 65.
No significant differences were observed when the arthritis group was compared with
the Arthritis+tMtx group or the ArthritistMtx+Que group. These results indicated that

quercetin did not have a significant effect in reducing ankle oedema.

3.4. Radiological examination of the knee joint

A representative mouse from each group was chosen at random. A radio-graphic image
was taken of the hind limbs at 70 days (Fig. 2), to examine the join damage during CIA.
Joints showed narrow joint spaces, diffuse soft tissue swelling, cystic enlargement of
bone, and erosions in arthritis mice. There was apparent degeneration of joint structure
in the mouse with arthritis and no treatment compared to the negative control. However,
bone erosion and degradation were not severe, and the extent of the narrowing of joint

space was observed to be relatively small in the treatment groups (Fig. 2).

3.5. Histopathological changes in mice treated with Que and Mtx

Histopathological evaluation of knees was performed to examine the degree of arthritic
damage (Fig. 3A-F and Table 2 and 3). The control group did not show pathological
signs of arthritis as illustrated (Fig. 3A-B and Table 2 and 3). The distribution of the
histopathological scores of the groups varied significantly (p = 0.0129 vs Arthritis
group by Kruskal-Wallis). Minimal synovitis including pannus formation,
inflammatory cell infiltration, cartilage and bone damage was seen in the Arthritis,
Arthritis+Mtx, Arthritis+Que and ArthritistMtx+Que groups. Maximal synovitis with
pannus formation and inflammatory cell infiltration was seen in the Arthritis,
ArthritistMtx and Arthritis+tMtx+Que groups but not in mice treated with quercetin.
The Arthritis+Que group showed moderate synovitis with moderate pannus formation
and inflammatory cell infiltration. Maximal cartilage and bone damage was seen in the
Arthritis and Arthritis+tMtx+Que groups. The ArthritistMtx and Arthritis+Que groups

showed moderate damage to cartilage and bone (Fig D and E).
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The Arthritis group showed maximal synovitis including pannus formation with
moderate inflammatory cell infiltration, cartilage and bone damage. The Arthritis+Mtx
group showed maximal inflammatory cell infiltration with moderate synovitis, pannus
formation, cartilage and bone damage. The ArthritistQue group showed minimal
synovitis, pannus formation, inflammatory cell infiltration, cartilage and bone damage.
The ArthritistMtx+Que group showed moderate synovitis, pannus formation, cell
infiltration, cartilage damage and bone destruction. Interestingly, only mice treated with
quercetin showed minimal damage to joints (Fig 3E and Table 2 and 3) clearly
indicating that quercetin protected the knee from synovitis, pannus formation, cartilage

and bone damage.

3.6. Effect of treatment on cytokine levels

At the conclusion of the study, plasma was analysed to find whether changes in
cytokine levels influenced the inflammatory changes observed in mice. There were
mimimal circulating levels of TNF-a, IL-6, IL-183, IL-17, IL-1ac and MCP-1 in the
control group when compared with the arthritis group (Figs. 4A-F). Levels of TNFa
and IL-1B (Fig. 4A and C) were significantly reduced in groups of mice treated with
methotrexate, quercetin and methotrexate + quercetin. Plasma levels of IL-6 (Fig. 4B)
were significantly reduced in mice treated with methotrexate+quercetin. IL-17 (Fig.
4D) was significantly decreased in mice treated with methotrexate or quercetin. Levels
of IL-1a (Fig. 4E) were reduced in mice treated with methotrexate. Plasma MCP-1
(Fig. 4F) was decreased in mice treated with quercetin and methotrexate+quercetin.
Decreases in the severity of CIA in all groups of mice was associated with lower
circulating levels of TNF-a and IL-1f. The lowest indicators of arthritis in mice treated

with quercetin were associated with significantly reduced levels of IL-17 and MCP-1.
4. Discussion

The present study is the first work in vivo examining the therapeutic role of quercetin
in CIA in C57BL/6 mice, and comparing the beneficial effects of methotrexate and
methotrexate combined with quercetin in experimental RA. The control group did not
show signs of either oedema or inflammation (Fig. 1B-D, 2, 3A-B and Tables 2 and 3).

Consistent with the absence of the disease, the control group had the lowest levels of
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TNF-a, IL-6 and IL-17 (Figs. 4A-B and AF). Although the control group had higher
levels of IL-1B3, IL-1a and MCP-1 than mice treated with methotrexate, quercetin or
methotrexate + quercetin, no statistical significant differences were seen between the
groups (Fig. 4C and 4E-F). Our finding are in agreement with previous studies in RA
and CIA that methotrexate reduces the severity of oedema and inflammatory damage
in the joints (Fig. 1B-D, 2, 3D, and Tables 2 and 3) [34-37]. Although methotrexate
decreased circulating levels of TNF-a, IL-183, IL-17 and IL-1a (Fig. 4A and 4C-E), it
did not have a superior anti-inflammatory or protective effects on the joint tissue

compared to quercetin alone.

The present study also found that the administration of both methotrexate + quercetin
had no significant combined effect either on the severity of disease or joint destruction
when compared to solo therapeutic agent. However the combination of two agents did
result in weight loss and death. While Methotrexate has been reportedly caused weight
loss and death in RA in a previous study [38], to our knowledge, there are no reports
indicating that quercetin causes death in RA or in animal models of the disease.
However, studies in vitro showed that quercetin inhibited the differentiation of pre-
adipocytes, suppressed intracellular accumulation of lipids and participated actively in
the breakdown of lipids [39]. Death of the mice could be caused because of the toxicity
caused by sustained treatment (day 21 to day 70) of methotrexate. Weight loss may be

due to a joint action of toxicity, prevention of adipogenesis and acceleration of lipolysis.

Here it is shown that oral administration of quercetin in CIA in C57BL/6 mice
decreased paw oedema but not ankle oedema following 4 weeks of treatment (Fig. 1B-
D, 2 and Table 2 and3). Reduction of paw oedema by quercetin was seen throughout
the experiment from day 50 to day 70. Quercetin also shortened the duration of the
maximum severity of oedema. In previous studies Rockland mice with acute
inflammation caused by carrageenan had decreased oedema after intraperitoneal (i.p)
administration of quercetin [40]. Wistar rats with adjuvant-carrageenan-induced
inflammation (ACII) showed reduced acute and chronic paw oedema following i.p
administration of quercetin [40, 41]. Wistar rats with CFA-induced arthritis had
diminished oedema after oral administration of quercetin alone or quercetin-loaded

quantum dots (QDs-QE complex) [26]. Decreased oedema after oral or intra-cutaneous
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(i.c.) administration of quercetin was observed in Lewis rats with adjuvant arthritis
(AA). The positive properties of quercetin on reducing oedema was not affected by the
mode of delivery of the agent. In contrast to the above findings. Choi E et al. [28] found
quercetin had no effect in reducing swelling of DBA/1J mice with CIA. Gardini C, et
al. [21] also reported that quercetin did not decrease oedema in Lewis rats with AA,
however. The clinical signs of arthritis in Lewis rats were only reported for days 14 and
28. Javadi F et al. [18] found that quercetin decreased stiffness and pain but not swelling
in women with RA. It is known from previous findings that the effect of quercetin in
arthritic inflammation are dose dependent [26, 31]. Choi E et al. [28] fed DBA/1J mice
with a diet containing 0.05% of quercetin for nine weeks. Gardini C, et al. [21]
administered 150 mg/kg/day to Lewis rats for 28 days. Javadi F et al. [ 18] supplemented
women with 500 mg/day of quercetin for 8 weeks. If the beneficial effects of quercetin
on the development of oedema are dose dependent, it is possible that the lack of effect
of quercetin in mouse studies is possibly related to dose or mouse strain variation.
Conflicting results in rats could be related to i.c. administration of quercetin which
caused a relapse of the oedema for two days (days 28 and 36) in rats [31]. Although
differences in animal models appeared not to be related to the period of administration,
extended duration of clinical trials in humans and a reduction in the frequency of

assessing for clinical signs could be factors to be considered in future studies.

In our studies, the reduction of oedema was confirmed in the histopathological analysis
of the knees. Firstly, we found that the density of inflammatory cells occupying the
synovial compartment was minimal in mice treated with quercetin (Figs. 3E, 3G and
Table 2). This is not unexpected as it has been previously demonstrated in one study of
arthritic rats that white blood cell numbers decrease after QDs-QE complex treatment
[26]. This is due to liposomes containing quercetin obstructing DNA binding in targeted
APCs in inflammatory arthritis [42]. C57BL/6 mice immunized with OVA and IFA
have also demonstrated that quercetin can inhibit Ag-specific T cell activation [43] and
inhibit DC Ag loading and blocked DC response to CCL21 in vitro. Therefore it appears
that the low cellularity observed in the synovial compartment in our studies is due to
the effect of quercetin on activation, maturation, proliferation and migration of
inflammatory cells infiltrating the synovial space. Secondly, the group of mice treated

with quercetin was the only group showing minimal hyperplasia with limited pannus
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formation (Figs. 3E, 3G and Table 3). Earlier reports indicated that quercetin inhibited
HIG-82 rabbit synoviocyte viability and proliferation as well as angiogenesis after
stimulation with dimethylthiazol diphenyltetrazolium bromide salt (MTT) [17]. The
antiangiogenic effect of quercetin was also demonstrated in vitro and in vivo
experiments using human umbilical vein endothelial cells and chicken chorioallantoic
membrane respectively [33]. Additionally, Tan WF et al. [33] reported that quercetin
inhibited the proliferation of NIH-3T3 fibroblast cells, while studies in RA patients
revealed that quercetin induced apoptosis of fibroblast-like synoviocytes (FLS) by
activating p53, reducing cytochrome c release and inhibiting Bcl-2, Bax and IL-1 [25,
44]. Apoptosis induced by quercetin has also been reported in DC [43]. This evidence
suggests that quercetin prevents hyperplasia and facilitates apoptosis of cells that cause
pathology. As synoviocytes and fibroblasts lose their ability to survive and multiply,
the formation of fibroblast-type synovial lesions is interrupted. Pannus formation is also
prevented as the antiangiogenic properties of quercetin block the growth of new blood

vessels.

Quercetin treatment of mice in this study was associated with minimal inflammatory
cell infiltration and minimal hyperplasia due to the flavonoid reducing circulating levels
of TNF-a, IL-1B, IL-17 and MCP-1 (Figs. 4A, 4C, 4D and 4F) [21, 28]. Quercetin
treatment has also been shown to reduce plasma levels of IL1p in Lewis rats with AA
[21] and plasma levels of TNF-a of women with RA [18]. In vitro studies have reported
that TNF-a inhibits the activation of NF-kf3, MCP-1 and IL-8 in human synovial cells
[45]. Decreased propagation of fibroblasts reduce the level of IL-1p and this decrease
in  IL-1B affected the production and proliferation of MMPs, COX-2, PGE2;
phosphorylation of ERK-1/2, p38, JNK; and activation of NF-kB [17, 44]. It seems that
low levels of cytokines after quercetin treatment is consistent with the low cellularity
found in the synovial compartment. Moreover, quercetin is known to affects NF-kB

activation which decreased cytokine expression [44].

We found that mice treated with quercetin exhibited the highest protection to cartilage
and bone than other groups included in the study (Figs. 3A, 3G and Table 3). Minimal
degradation in bone and cartilage could be associated with lower circulating levels of

IL-17, as this cytokine activates osteoclasts [46]. It has been demonstrated in in vitro
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studies that quercetin regulates glycosaminoglycans and inhibits the expression of
MMP3 in proteoglycans [17, 47]. QDs-QE complex also increased levels of SOD,
CAT, GPx and GSH, which inhibited cartilage degradation by ROS [26]. Despite the
limited information existing about the role of quercetin in cartilage and bone
remodelling, it likely that quercetin can directly protect cartilage. It is possible that
minimal damage to cartilage and bone that was observed in this study was related to

decreased levels of IL-17.

5. Conclusions

Despite the therapeutic risks of methotrexate, it has been the most used treatment for
RA. Therefore it is essential to continue searching for new drugs to improve patient
outcome. This study demonstrated that quercetin could be a potential new therapy for
RA. Quercetin diminished the severity of clinical signs of CIA and protected cartilage
and bone from destruction. Protection against CIA was associated with decreased
circulating levels of TNF-a, IL-1B, IL-17 and MCP-1. Interestingly, quercetin was
shown to be a better anti-inflammatory, immunosuppressive and protective therapy
than methotrexate using the CIA model. However, the beneficial properties of quercetin
were not enhanced by methotrexate + quercetin; on the contrary it caused significant
weight loss in animals and requires further investigation. Quercetin could have a role
in the treatment of RA as it decreases the severity of arthritic inflammation, protects

joints from degradation and is non-toxic at a therapeutic concentration.
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Table 1. Histopathological score

Score Characteristics

0 No synovitis and no pannus formation, no cell infiltration, no damage to the
cartilage, no damage to the bone

1 Mild synovitis with limited pannus formation, low cellular density of
infiltrating cells, small isolated lesions in the cartilage and small isolated
lesions in the bone

2 Moderate synovitis with moderate pannus formation, moderate cellular
density of infiltrating cells, moderate lesions in the cartilage and moderate
lesions in the bone

3 Severe synovitis with severe pannus formation, high cellular density of
infiltrating cells, extensive damage to the cartilage and extensive damage to

the bone.
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Table 2. Effect of quercetin and methotrexate in CIA in C57BL/6

Treatment Group

Control  Arthritis  ArthritistMtx  ArthritistQue  ArthritistMtx+Que

n 6 6 6 6 6
Incidence (%) 0 100 100 100 100
Mortality (%) 0 0 0 0 16.6
Maximum score 0 4 4 4 4
Mean of cumulative 0+0.0*** 56+0.9 3.1+£04 3.0+ 0.5% 34+0.5
disease + SEM

Number of paws affected 0/0 24/24 24/24 24/24 24/24
Number of mice with 0 2 2 1 1
maximum score in any

paw

Number of paws with 0/24 3/24 2/24 2/24 2/24
maximum arthritis score

Number of days with 0 10-35 5 5 1

maximum score

Values are from day 20 when mice started to demonstrate clinical signs of disease (one day before
start of treatment), *p < 0.05 and *** p < 0.0001 (Arthritis group versus Mtx-Methotrexate;

Que-Quercetin and Mtx + Que groups). Medians of the groups varied significantly (p <
0.0001).
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Table 3. Histopathological examination

Mean Synovitis Cell Cartilage Bone

Group infiltration damage damage
Control — — — —
Arthritis +++ ++ ++ ++
ArthritistMtx ++ +++ ++ ++
Arthritis+Que + + + +
ArhtritistMtx+Que ++ ++ ++ ++

*Mean scores were rounded to the nearest interger and illustrated as: — = Normal, +

Minimum, ++ = Moderate, +++ = Maximum.
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Figure Legends:
Fig 1. Effect of quercetin and methotrexate on body weight and paw edema

A) Changes in weight of mice. Mice were weighed every five days from the day of arthritis
induction (day 0) to day 70. B) Effect of quercetin and methrotexate on paw oedema. Arthritis
was assessed by visual scoring of the paws on the scale of 0 to 4 for each paw. The sum of the
scores resulted in the cumulative score. C) Effect of methrotrexate on ankle thickness.
Thickness of ankles was measured with digital calipers. Each point represents the mean + SEM
of six mice. Statistical differences are indicated #p < 0.05 versus control group; *p < 0.05 versus

arthritis group (Two-way ANOVA with Dunnett’s multiple comparisons test).

Fig 2. Representative X-rays of the effect of quercetin and methotrexate. Damage in the

joints after 70 days of arthritis induction is indicated with white arrows.
Fig 3. Effect of quercetin and methotrexate on inflammatory changes in CIA.

A -B Control group showing the main histological structure of the knee joint.
Histopathological (20x) changes of the C) arthritis group and groups with arthritis
treated with D) methotrexate, E) quercetin and F) methotrexate + quercetin. Cartilage
and bone damage is indicated with yellow arrows, pannus is indicated with white
arrows, damage in the meniscus is indicated with blue arrows, and areas with fibrosis

are indicated with black arrows.
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Fig 4. Effect of quercetin and methotrexate on plasma cytokine levels in collagen-
induced arthritis in C57/BL6 mice. A- TNF - a; B- IL-6; C- IL-1; D- IL-17; E- IL-
la; F- MCP-1; Significance: * P<0.05; ** P<0.001
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