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Abstract

Rheumatoid arthritis (RA) is a chronic autoimmune disease characterized by joint inflammation, tissue
damage, and systemic manifestations. Although several treatment options are available, they have limitations and
adverse effects. Therefore, there is a need for novel therapeutic approaches. Ursodeoxycholic Acid (UDCA), a bile
acid known for its hepatoprotective properties, has shown immunomodulatory effects and potential application in
autoimmune diseases. This study aims to evaluate the anti-inflammatory effect of UDCA in treating RA using a rat
model.

Acrthritis was induced in rats using the complete Freund's adjuvant (CFA), and the results of UDCA were
compared to Diclofenac, a commonly used anti-inflammatory drug. The arthritic score, body weight, and paw edema
size were evaluated to assess the effectiveness of UDCA in controlling RA. Hematological parameters were analyzed
to evaluate the impact of UDCA on inflammation.

UDCA administration significantly reduced paw edema size, decreased Tumor Necrosis Factor alpha(TNF-
o) and Rheumatoid factor( RF) release, and improved hematological parameters compared to the CFA-induced non-
treated group. The arthritic score and paw edema size were significantly smaller in the UDCA-treated group compared
to the CFA-induced non-treated group. Body weight was significantly improved in the UDCA-treated group,
indicating a beneficial effect. Hematological parameters showed improvement, with a decrease in White Blood Cells
count and Erythrocyte sedimentation rate and an increase in Red Blood Cell count in the UDCA-treated group.

Conclusion: This study demonstrates the potential anti-inflammatory effect of UDCA in treating RA in a rat model.
UDCA reduced paw edema size, decreased TNF-a and RF levels, and improved hematological parameters compared
to the CFA-induced non-treated group.

Keywords: Rheumatoid arthritis (RA), Ursodeoxycholic acid (UDCA), Inflammation, In vivo model.
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Introduction

Rheumatoid arthritis (RA) is a bilateral, chronic
disease that affects the joints, characterized by joint
hyperplasia, joint and  surrounding  tissue
inflammation, and bone and cartilage damage ®. As a
systemic disease, RA affects all body parts, including
blood vessels, lungs, skin, eyes, and joints on both
sides of the body @. Inflammatory cytokines,
including interleukin (IL-6), IL-1, and tumor necrosis
factor (TNF), contribute to the pathophysiology of RA
@4 TNF- is a proinflammatory cytokine that
contributes to several biological processes involving
the control of cell proliferation, differentiation, and
apoptosis; and is a cell signaling protein implicated in
the systemic inflammatory response ©. TNF-a is
released in many diseases, such as Non-Alcoholic
Fatty Liver Disease (NAFLD) and RA ® . These
cytokines encourage persistent inflammatory synovitis
leading to the interruption of nearby tissue in joints
leading to RA. The suppression of overproduced
cytokines was found to reduce patients' symptoms of
RA O,

Some treatments are available to help
manage the disease and improve symptoms. Disease-
modifying anti-rheumatic medications (DMARDS),
including sulfasalazine, hydroxychloroquine,
methotrexate, and leflunomide, are often used to stop
joint damage and reduce the progression of RA. These
medications work by decreasing inflammation and
targeting the immune system, but they take weeks or
months to start effecting. Steroids and non-steroidal
anti-inflammatory  drugs (NSAIDs) are also
commonly used to treat RA, with NSAIDs helping to
reduce inflammation and pain and steroids helping to
reduce inflammation and relieve symptoms quickly ®.
By blocking the action of these cytokines, medications
can reduce inflammation, slow or halt joint damage,
and provide symptomatic relief for patients with RA.
Despite the effectiveness of the above mentioned
treatments for RA, their long-term use is limited by
their adverse effects, such as liver and bone marrow
damage, heart problems, and stomach discomfort ©).

Genetic research on RA has led to the
development of novel, better-tolerated medications
called biologics (monoclonal antibodies), such as
infliximab, rituximab, sarilumab, tocilizumab, and
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tofacitinib. These drugs can target immune system
components that lead to inflammation-induced joint
and tissue damage 9. However, several investigations
have shown that individuals taking these biologics are
more susceptible to infections of the genitourinary
system, skin, soft tissue, and joints than those taking
conventional medications 9. As no drug has been
effective in reducing the effects of RA up until now, it
is desirable to develop new drugs that can overcome
these limitations. Ursodeoxycholic acid (UDCA), also
known as ursodiol (USAN), is a secondary bile acid
produced in the liver from primary bile acids, such as
chenodeoxycholic acid (CDCA).

UDCA can also be made by certain bacteria
in the intestines through a process called bacterial 7
dehydroxylation. UDCA constitutes approximately
5% of human bile acids and is known for its
hepatoprotective and choleretic properties. It treats
many hepatic illnesses, including primary biliary
cholangitis, a chronic autoimmune liver condition
characterized by the gradual destruction of the liver's
tiny bile ducts #213), Nevertheless, it prevents dendritic
cell activation via the farnesoid X receptor and reduces
eosinophil-mediated inflammation ¢4, as evidenced
by the interaction between dendritic cells and T cells
and its impact on T cell performance. Recent
investigations have suggested that UDCA may be an
immunomodulator in autoimmune diseases and
potentially reduce monocyte expression of TNF-
induced 1L-8 ™9, thus, having a great therapeutic
potential towards inflammatory diseases. This study
aims to investigate the potential of UDCA in treating
RA by assessing the anti-arthritis effect of UDCA in a
Complete Freund Adjuvant (CFA)-induced RA in a
Rat model.

Materials and methods
Chemicals, Drugs

Complete Freund Adjuvant (CFA) was
bought from Sigma Aldrich (country of origin),
Ursodeoxycholic Acid (UDCA) was purchased from
Picasso (China), Diclofenac (50 mg) was purchased
from Novartis (Switzerland), and Sodium bicarbonate
was purchased from Ishtar (Iraq).
Reagents

TNF-o ELISA test kit and RF were obtained
from Pars Biochem (China).
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Preparation of UDCA Solution

UDCA solution in sodium bicarbonate (15
mg/ml in 5% sodium bicarbonate) was prepared by
adding 100g of chemical grade sodium bicarbonate
powder to 1800ml of sterile water in a 2500ml
volumetric flask placed on a hot plate stirrer. After
solubilization, the sodium bicarbonate solution was
rapidly boiled. Then, 30g of UDCA was accurately
weighed, and 7.5g of UDCA was added to the boiling
sodium bicarbonate solution. At a 10 min interval, the
remaining UDCA was gradually added to the solution.
The final UDCA solution was diluted to 2000 ml by
adding sterile hot water and then poured into amber
containers and kept at 4°C until further use, following
a published protocol @9,
Induction of arthritis in rats

The left hind paw footpad of the rats received
an intradermal injection of 0.1 ml CFA-heat-killed
Mycobacterium tuberculosis suspended in paraffin oil
and mannide monooleate 1mg/ml under ether
anesthesia. A 0.1 cc booster subcutaneous injection
was administered around the tail the same day and the
day after. A similar RA induction protocol was
reported elsewhere @7,
Experimental animals

Twenty-four adult Wistar Albino rats of
either sex, weighing 180-230g, were obtained from the
animal house at the University of Baghdad, College of
Pharmacy, and were kept on standard circumstances
for temperature, humidity, and the cycle of light and
dark with water and standard diet free access ad
libitum. The following groups of rats were designed :
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(1) the control group rats that received sodium
bicarbonate for 21 days (2) the induction group that
received CFA injection intradermally at the foot-pad
of the left hind paw and remained untreated for 21
days; (3) Diclofenac group given a CFA injection with
orally administered Diclofenac (5 mg/kg) for 21 days
(18), (4) UDCA group given a CFA injection with
orally administered UDCA (100 mg/kg) for 21 days
(9.
Arthritis score

Using a method developed by Zhang et al.,
(2009), the arthritis score was determined (20). On a
5-point scale, swelling and erythema of the paws (hind
and fore) were graded as follows: 0, no signs of
swelling or erythema; 1, swelling or erythema in the
ankle or wrist; 2, swelling or erythema in the ankle and
tarsal or wrist and carpal; 3, swelling or erythema
extending to the metatarsals or metacarpals; and 4,
signs of swelling or erythema involving the entire hind
or fore paw. The highest possible score was 8.
Body Weight

The body weight of each animal was
measured on the day the CFA administration and then
every 7 days, up to 21 days. For each drug-treated
group, the mean percentage change in body weights
from the day of CFA administration was determined
and compared to the disease control group.
Paw Edema

The hind limbs' paw thickness post-CFA
injection was measured on days 1, 7, 14, and 21 using
Image J software (Figure 1).
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Figure 1. The paw thickness measurement by Image J software.
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Hematological Parameters and Biochemical
Analysis

Blood samples were collected after 21 days
under ether anesthesia in (1) EDTA tube for the
determination of RBC, WBC, Hb, and ESR; (2) Gel
tubes, where the blood samples left to stand for 30 min
to allow clotting, centrifuged for 30 min to obtain clear
serum then stored at -20°C until the day of analysis.
Stored sera were used for the estimation of serum
activities Of TNF-a. and Rheumatoid Factor (RF)
using sandwich qualitative ELISA technique.
Statistical analysis

The results of six animals were expressed as

stander error mean (£SEM). One-way ANOVA was
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used to assess the statistical difference in mean
followed by Turkey's multiple comparison tests,
where P<0.05 was regarded as statistically significant.
Result
Effect of UDCA on the arthritic score

The CFA-induced non-treated group showed
a significant increase in arthritic scores up until day 21
compared to other treatment groups and controls. On
the other hand, the arthritic score measured on days 14
and 21 were significantly decreased in Diclofenac- and
UDCA-treated groups compared to the induction
group (Figure 2).

9.000

8.000
7.000

re

5 6.000

u
o
S
S

4.000
3.000
2.000
1.000 %%
0.000 T
Control

Arthritic sc

E DayO

@ Day 7

Induction 0.1ml CFA Diclofenac 5mg/kg

i Day 14
u Day 21

UDCA 100mg/kg

Figure 2. The effect of UDCA on the arthritic score. Values are shown as mean + SEM and N=6 for each group. # Denotes
significant difference compared to the control group (P<0.05). *Denotes significant difference compared to the CFA-

induced non-treated group (P<0.05).

Effect of UDCA on body weight

The body weight in the CFA-induced non-
treated group was significantly lower than the control
group. The body weight in the Diclofenac- and
UDCA-

treated groups was significantly higher (improved)
than in the CFA-induced non-treated group on days 14
and 21 (Figure 3).

300.000
250.000
—~ 200.000 - E DayO
i
=
& 150.000 - @ Day 7
()
2 100.000 - u Day 14
e Day 21
50.000 -
0.000 -
Control Induction 0.Iml CFA Diclofenac 5mg/kg  UDCA 100mg/kg

Figure 3. The effect of UDCA on body weight. Values were shown as mean + SEM and N=6 for each group. # Denotes
significant difference compared to the control group (P<0.05). * Denotes a significant difference compared to the CFA-

induced non-treated group (P<0.05).
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Effect of UDCA on paw edema size Furthermore, the paw edema size was significantly
In the CFA-induced non-treated group, the smaller in the Diclofenac- and UDCA-treated groups
paw edema showed a significant increase in size from than in the CFA-induced non-treated group on day 21
day 7 until day 21 compared to the control group. (Figure 4 & Figure 5).
6.000
5.000
E 4.000 & Day 0
& 3.000 ® Day 7
w
2 E Day 14
8 2.000
e Day 21

Control Induction CFA 0.1 ml Diclofenac 5mg/kg  UDCA 100mg/kg

Figure 4. Effect of UDCA on paw edema size. Values were shown as mean + SEM and N=6 for each group. # Denotes

significant difference compared to the control group (P<0.05). *Denotes a significant difference compared to the CFA-
induced non-treated group (P<0.05).

A

Figure 5. Images of the visual change in the edema on day 21. A) Control. B) CFA-induced non-treated group. C) Diclofenac-
treated group. D) UDCA-treated group.
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Effect of UDCA on TNF-a levels in rat models was significantly lower (Figure 6). In addition, the
The TNFa level was significantly higher in UDCA-treated group showed no significant difference
the CFA-induced non-treated group compared to from the control group in promoting the TNFa levels.
treatment groups and controls, where the TNFa, level
300

H Mean

TNF-a (ng/L)
=
u
=)

Control Induction 0.1mI CFA Diclofenac 5mg/kg ~ UDCA 100mg/kg

Figure 6. The effect of UDCA on TNFa level. Values were shown as mean = SEM and N=6 for each group. # Denotes
significant difference compared to the control group (P<0.05). * Denotes a significant difference compared to the CFA-
induced non-treated group (P<0.05).

Effect of UDCA on serum RF levels in rat models (Figure 7). The UDCA-treated group also showed no
Likewise, the serum RF level was significant difference from the control group in
significantly higher in the CFA-induced non-treated promoting the serum RF levels.

group compared to treatment groups and controls
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N
o

[
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# Mean

RF (ng/L)

10

Control Induction 0.1ml CFA  Diclofenac 5mg/kg UDCA 100mg/kg

Figure 7. The effect of UDCA on the serum RF level. Values were shown as mean + SEM and N=6 for each group. # Denotes
significant difference compared to the control group (P<0.05). * Denotes a significant difference compared to the CFA-
induced non-treated group (P<0.05).

Effect of UDCA on Hematological Parameters. Diclofenac- and UDCA-treated groups. Furthermore,
The RBC count was significantly reduced, while the the WBC and ESR showed a significant decrease in
WBC count and ESR of the CFA-treated group were the UDCA-treated group compared to the CFA-
significantly increased compared to the control group. induced non-treated group.

RBC count showed a significant increase in the
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Figure 8. The effect of UDCA on Hematological Parameters. Values were shown as mean + SEM and N=6 for each group.
# Denotes significant difference compared to the control group (P<0.05). * Denotes significant difference compared to the

CFA-induced non-treated group (P<0.05).
Discussion

Using the CFA-induced arthritis rat model,
post-CFA injection, arthritis was slowly started
appearing in several joints in the rats on day 7,
reaching a peak on days 14 and 21 (Figure 2). There
was a significant increase in the arthritic score in the
CFA-induced non-treated group as compared to the
control group (p<0.05) between days 7 and 21, and
there was a significant decrease in the arthritic score in
the Diclofenac- and UDCA-treated group on days 14
and 21, as compared with CFA-induced non-treated
group. The effect of UDCA on the arthritic score may
refer to the anti-inflammatory activity of UDCA (20),
which lead to reduced swelling and erythema of rat
paws.

The body weight was significantly decreased
in the CFA-induced non-treated group compared to the
control group, in front of a significant increase in body
weight between day 7 and day 21 in the treatment
groups. Weight loss is a common indicator of
advanced chronic illnesses, including RA. It may be
due to a combination of factors, including decreased
appetite, increased metabolic rate, and loss of lean
body mass. In RA, weight loss has been linked to
increased levels of inflammatory cytokines, such as
TNF-a and IL-6, which promote a catabolic state and
muscle wasting (22). The UDCA-treated group
showed a significant increase in body weight between
days 14 and 21 compared to the CFA-induced non-
treated group (Figure 3). The results indicate that
UDCA could increase appetite and body weight (23).

A significant increase in paw edema size was
also shown in the CFA-induced non-treated group
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compared to the control group. There was, however, a
significant decrease in paw edema size in the treatment
groups. Joint inflammation and edema develop within
a few days post-CFA injection to peak after 14 days
(17). The severity and duration of joint inflammation
can vary depending on the CFA dose and the specific
strain of rats used in the experiment. In general, joint
swelling and inflammation development are hallmark
features of RA (24,25). Interestingly, the UDCA-
treated group showed a significant decrease in edema
size on days 7 and 21 compared to the CFA-induced
non-treated group (Figure 4 and Figure 5), which
aligns with a decrease in the arthritic scores.

The production of cytokines by immune cells
in the synovium leads to a chronic inflammatory
response, which destroys joint tissues and develops
characteristic symptoms, such as joint pain, swelling,
and stiffness. Current RA treatments aim to control
inflammation by targeting specific cytokines or other
molecules involved in the inflammatory cascade
(4,26). A significant increase in TNF-a levels was also
observed in the CFA-induced non-treated group
compared to the treatment groups and control (Figure
6). Our results showed that UDCA causes a significant
reduction in TNF-a levels as compared to the CFA-
induced non-treated group and becomes non-
significant when compared to the control group, which
means that UDCA could control inflammation and the
targeting of TNF-o post-RA induction. On the other
hand, RF is a specific type of autoantibody that targets
the Fc region of immunoglobulin G (IgG) antibodies.
RF can be detected in the blood of some patients with
RA, and it is a diagnostic marker of the disease
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(27,28). The results showed that Diclofenac and
UDCA cause a significant reduction of RF compared
to the CFA-induced non-treated group (Figure 7).

In the presence of inflammation, the
concentration of acute-phase proteins, including
fibrinogen and C-reactive protein (CRP), increases in
the blood. These proteins promote the formation of
rouleaux, or stacks of RBCs, which settle more
quickly than individual RBCs. As a result, the ESR is
elevated in conditions associated with inflammation,
including RA. In our results, the arthritic rats in the
CFA-induced non-treated group showed a decreased
RBC count, which is consistent with the chronic
inflammatory conditions of RA (Figure 8). Overall,
the ESR and RBC count are useful diagnostic features
in patients with chronic arthritis and can provide
valuable information on the presence and severity of
inflammation and related complications (29). In the
CFA-induced group treated with UDCA, the RBC
count was significantly increased compared to the
CFA-induced non-treated group. At the same time,
ESR and WBC were significantly decreased,
indicating the high therapeutic potential of UDCA in
treating RA.

Conclusion

The study demonstrates that ursodeoxycholic
acid (UDCA) exhibits potential anti-inflammatory
effects in a rat model of rheumatoid arthritis (RA). The
administration of UDCA effectively reduced paw
edema size, decreased TNF-a levels, and modulated
RF levels in the experimental animals. UDCA
treatment also improved hematological parameters
suggesting that UDCA has promising therapeutic
potential for managing RA and its associated
inflammation. The anti-inflammatory properties of
UDCA make it a promising candidate for further
investigation as a potential therapeutic agent in the
treatment of RA. Future studies should explore the
underlying mechanisms by which UDCA exerts its
beneficial effects and evaluate its long-term safety and
efficacy in RA patients. Overall, the results support the
potential use of UDCA as a novel therapeutic
approach for rheumatoid arthritis treatment.
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