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Rheumatoid Arthritis (RA):
Key Features

Rheumatoid Arthritis: Definition
 Progressive, autoimmune, systemic, inflammatory disease
 Unknown etiology
 Characterized by
• Symmetric synovitis
• Joint erosions
• Multisystem extra-articular manifestations

PHARMACOTERAPY OF RA

 Analgesics
 NSAIDs
 Glucocorticoids
 SAARDs/DMARDs
NSAIDs – nonsteroidal anti-inflammatory
drugs
SAARDs – slow acting antirheumatic drugs
DMARDs – disease modifying antirheumatic
drugs as METHOTREXATE
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DMARDs have adverse effects
Methotrexate may cause serious problems:
 Lung
 Liver
 Bone marrow

Be aware of toxicity with all the DMARDs !!!
Combination DMARDs regimen
Does not increase toxicity levels
Long-term outcome more favorable
Superior efficacy to single-DMARDs regimen
Possible combinations
Methotrexate/sulfasalazine/hydroxychloroquine
Cyclosporine/methotrexate
Leflunomide/methotrexate

Solution:
combinations of
DMARDs with natural
compounds

Experimental pharmacotherapeutic
approach

Adjuvant induced arhritis - AIA
 AIA in rats shares many features with human arthritis
including genetic linkage, synovial CD4+ cells and T cell
dependence (Kannan, K., 2005)
 Differences between the AIA model and human arthritis
is simply that the inciting agent is known in the model.
Lewis rats injected with Mycobacterium butyricum in
Freund adjuvans.
 Time profile of AIA:
Injection of
rats with
complete
or
incomplete
adjuvant

Day 10
Remission
phase
Initial acute
phase (1-5
days)

DAY 0

Acute phase

Sub-chronic phase
within 4 weeks
DAY 14 Starts
reactivation Subacute phase
phase

DAY 14

DAY 28

Routine animal group randomisation and
experimental course in AIA

Eligibility
•Measurable
disease
•1 prior
Combination
treatment
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Control (untreated)
Control (treated MTX and/or active
substance)
AIA (untreated)
AIA + MTX monotherapy (standard)
AIA + active substance
monotherapy (tested)
Combination (MTX + active
substance)

Clinical, inflammatory/immunological, oxidative stress parameters measured in plasma and
relevant tissues/organs. Monotherapy versus combination therapy with methotrexate (MTX).
Comparison with standards in efficacy.
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Evaluated natural extracts and molecules
 The aim will be to study the therapeutic potential of selected substances of natural
origin for the treatment of rheumatoid arthritis (RA).
 The development of resistance to DMARDs treatment and the increased incidence
of side effects are common with long-term therapy. For this reason, there is still a
need to find new compounds for RA therapy in combination with DMARDs.

 In this dissertation we will use a model of adjuvant arthritis (AIA) induced in Lewis
rats.
 The development of AIA and its pharmacological influence by natural substances
isolated from Citrus limon and Nigella sativa (D-limonene, nobiletine, naringin and
thymoquinone) will be characterized by parameters describing immunological,
oxidative and inflammatory processes.
 The focus of the work will be the study of the therapeutic potential of selected
natural substances for RA therapy. The evaluated substances will be applied in a
preventive-therapeutic regimen in combination therapy with methotrexate (basic
antirheumatic drug).
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Anti-inflammatory activity of Citrus limon extract and its
main components
D-limonen

The essential oil from C. limon (30 or 10 mg/kg p.o.) exhibited anti-inflammatory effects in
mice under formalin test by reducing cell migration, cytokine production and protein extravasation
induced by carrageenan. These effects were also obtained with similar amounts of pure D-limonene.
The anti-inflammatory effect of C. limon essential oil is probably due to the high concentration of
D-limonene (Amorim, J.L.; Simas, D.L.R.; Pinheiro, M.M.G.; Moreno, D.S.A.; Alviano, C.S.; Da Silva, A.J.R.; Fernandes, P.D.
Anti-inflammatory properties and chemical characterization of the essential oils of four Citrus species. PLoS
ONE 2016, 11, 1–18).

Naringin

Extracts from C. limon fruits are rich in flavonoids such as naringin/naringenin and nobiletin.
Naringenin (an aglycon of naringin) suppresses inflammatory cytokine production through both transcriptional and
post-transcriptional mechanisms. Naringenin not only inhibits cytokine mRNA expression but also promotes
lysosome-dependent cytokine protein degradation (Zeng W, Jin L, Zhang F, Zhang C, Liang W. Naringenin as a
potential immunomodulator in therapeutics. Pharmacol Res. 2018 Sep;135:122-126).
Nobiletin exhibited a therapeutic effect through active inhibition of the NF-κB signaling pathway. In a mouse model
of osteoarthritis, injection of nobiletin (20 mg/kg) every 2 days for 8 weeks after surgery inhibited cartilage
destruction and synovitis (Lin Z, Wu D, Huang L, Jiang C, Pan T, Kang X, Pan J. Nobiletin Inhibits IL-1β-Induced
Inflammation in Chondrocytes via Suppression of NF-κB Signaling and Attenuates Osteoarthritis in Mice. Front
Pharmacol. 2019 May 31;10:570).
Current pharmacological studies have confirmed the health-promoting activities of C. limon, especially its anticancer and antioxidant properties. C. limon also finds increasing application in
cosmetology and food production.
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Anti-inflammatory activity of Nigella sativa extract and its
main component thymoquinone (TQ)
During the last three decades, several in vivo and in vitro animal studies revealed the pharmacological properties of the plant Nigella
sativa, including its antioxidant, antibacterial, antiproliferative, proapoptotic, anti-inflammatory activity (Gholamnezhad Z, Havakhah S,
Boskabady MH. Preclinical and clinical effects of Nigella sativa and its constituent, thymoquinone: A review. J Ethnopharmacol. 2016 Aug
22;190:372-86.)
N. sativa and TQ modulate inflammation, cellular and humoral adaptive immune responses, and Th1/Th2 paradigm. The molecular and
cellular mechanisms underlying immunomodulatory and anti-inflammatory effects of N. sativa and TQ (Majdalawieh AF, Fayyad MW.
Immunomodulatory and anti-inflammatory action of Nigella sativa and thymoquinone: A comprehensive review. Int Immunopharmacol.
2015 Sep;28(1):295-304.).

Majdalawieh AF, Fayyad MW. Immunomodulatory and anti-inflammatory action of Nigella sativa and thymoquinone:
A comprehensive review. Int Immunopharmacol. 2015 Sep;28(1):295-304.
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