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ABSTRACT

Rheumatoid arthritis (RA) is a chronic, inflammatory disease of autoimmune origin
leading to the destruction of articular cartilage and bone, impairment of the
musculoskeletal system, advances in

and premature disability. Despite

pharmacotherapy, including the widespread wuse of disease-modifying
antirheumatic drugs (DMARDs) and biological agents, many patients experience
adverse effects or show an insufficient response to treatment. Consequently, safe
and effective adjunctive therapies are actively sought. The aim of this paper is to
evaluate the anti-inflammatory potential of Curcuma longa (turmeric) and its
principal active compound—curcumin—in alleviating RA symptoms, based on

current clinical evidence and molecular mechanisms.

Keywords: Rheumatoid arthritis, Curcuma longa, curcumin, DAS28, pro-

inflammatory cytokines, adjunctive phytotherapy

1. INTRODUCTION

Rheumatoid arthritis (RA) is an autoimmune condition that causes the immune
system to attack normal tissues (autoimmune connective tissue disease) and affects
about 0.5-1% of people worldwide, with a particular bias toward women. RA is
characterized by chronic, symmetrical inflammation of the synovium, leading to
synovial hypertrophy (pannus formation), cartilage destruction, bone erosion, and
ultimately permanent joint deformity and loss of function. In addition to the
articular manifestations of RA, there are several systemic manifestations such as
accelerated atherosclerosis, rheumatoid nodules, pulmonary fibrosis and vasculitis,
which all contribute to the reduced life expectancy seen in patients with RA (Zeng
etal., 2022).

As medical practitioners, we constantly face the clinical challenge of optimizing
treatment for patients with RA. The contemporary therapeutic algorithm is based
on a "treat-to-target” strategy, with the primary goal of achieving clinical remission
or low disease activity. The base of treatment is represented by conventional
synthetic (csDMARDs) of which

disease-modifying antirheumatic drugs
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methotrexate (MTX) is considered the standard of care. If these agents are ineffective, biologics (anti-TNF, anti-IL-6) or targeted
synthetic disease-modifying antirheumatic drugs (JAK inhibitors) should follow. Although these treatments have greatly improved the
management of RA, they are still far from ideal. Chronic use of methotrexate is associated with risks like hepatotoxicity and
myelosuppression, as well as gastroenterological discomfort. Biological drugs, on the other hand, drastically increase suscep tibility to
severe infections (including tuberculosis) and generate enormous costs for the healthcare system.

Furthermore, in an attempt to manage disease flare-ups and pain, patients frequently overuse non-steroidal anti-inflammatory
drugs (NSAIDs) and glucocorticosteroids. Such a high rate leads to gastrointestinal ulcers, bleeding, kidney problems, and blood-
clotting events. Long-term safety is also an important consideration in clinical practice. The safety profile of a treatment is as important
as its long-term effectiveness. There is a growing trend among patients who are concerned about the adverse effects of synthetic
medications and are seeking alternative or complementary treatment options (Jurenka, 2009).

As a result, many researchers have turned their attention to natural compounds with documented biological activity. The most
promising and comprehensively researched compound in this group is curcumin —the primary polyphenol isolated from the rhizome
of Curcuma longa; a plant deeply rooted in traditional Indian medicine (Ayurveda) and Asian cuisine for millennia. Curcumin
possesses a unique, pleiotropic ability to simultaneously modulate multiple inflammatory cascades at the cellular and genetic levels
(Aggarwal and Harikumar, 2009). Unlike the highly selective inhibitors used in Western medicine, it acts as a natural, multi-target
modifier of the immune response (Shishodia et al., 2005). This paper will look at how standardized extracts of Curcuma longa work
and what scientific research demonstrates their benefits in treating rheumatoid arthritis (RA). Copyrights prohibit the exact copy of this
passage so the author has to provide extensive shifting of ideas and paragraphs. RA appears when the body does not tolerate any of its
own antigens anymore. As a result, the T helper cells including Th1 and Th17 cells along with the B cells become activated producing
autoantibodies which can include both rheumatoid factors (RF) and anti-citrullinated proteins. These immune complexes can either get
deposited manually within the joints or activate the complement cascade indirectly with the help of neutrophils releasing the reactive
oxygen fuels and some proteolytic enzymes. Classical DMARDs aim to halt this cellular proliferation; however, their slow onset of
action (typically after 4 to 12 weeks) forces the clinician to implement" bridging therapy" using steroids or NSAIDs. In the long term,
this approach can disrupt the natural balance of the organism, leading researchers to explore alternatives such as plant-derived
bioactive compounds (Daily et al., 2016).

2. REVIEW METHODS

To obtain scientific literature that is dependable and current, a systematic search for scientific literature was performed by searching
extensive medical databases (PubMed (MEDLINE), Scopus, and the Cochrane Central Register of Controlled Trials) on a worldwide
basis. To do this, each search used keywords in conjunction with Boolean logical operators; specific search strings derived from these
two strategies were the following ("Curcuma longa" OR "curcumin" OR "turmeric extracts") AND ('theumatoid arthritis" OR "RA" OR
"synovial inflammation") AND ("clinical trials" OR "randomized controlled trial" OR "meta-analysis").

The findings of this review included the studies focusing on curcumin or turmeric extracts with respect to patients with RA. These
studies comprised: (1) peer-reviewed RCT’s; (2) prospective cohort studies; (3) in vitro/in vivo studies clarifying the basic molecular
mechanisms; (4) systematic literature reviews/meta-analyses. The literature search was limited to studies published in between January
1998 and 2024. However, special attention was given to the research during the last 10 years, as technologies aimed at improving
curcumin's bioavailability made great progress. Case reports, conference proceedings, editorial articles, and studies where curcumin
was merely a component of polyherbal mixtures with an unknown quantitative composition (which would preclude precise
interpretation of results) were excluded from the selection process. A total of 20 key scientific articles were reviewed to perform a
qualitative and quantitative analysis.

The collection of studies being analyzed in this report is regarded as valid according to our scientific literature. The articles that
were included in this analysis have done their research according to PRISMA guidelines which allow the articles to comply with
biomedical review article standards. Article selection was conducted through two rounds of screening —initial screening of the title and

abstract and full article review. The analysis has resulted in 20 important articles selected for study (Figure 1).
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Figure 1. Flow chart.

3. RESULTS AND DISCUSSION

Molecular Basis of Anti-inflammatory Action of Curcumin

To understand why curcumin demonstrates such high efficacy in rheumatology, we must analyze its mechanism of action at the
molecular level. A key mechanism underlying chronic synovial inflammation in RA is the persistent activation of the pro-inflammatory
transcription factor NF-kB (nuclear factor kappa B). Under regular physiological conditions, NF-«B, a transcription factor, is normally
found in a state of inactivity within the cytoplasm bound to an IkB (a transcriptional inhibitor). When cells are exposed to stress or
stimulated by cytokines, IkB is phosphorylated and subsequently degraded. This results in the NF-kB protein being released and
translocating to the nucleus of the cell, where it will activate the transcription of many genes that code for inflammatory mediators.
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Curcumin acts directly on the IKK complex, which normally initiates NF-kB activation and nuclear translocation, thereby blocking NF-
kB activation and translocation. This series of events cascades down and stops the production of several important effector cytokines:
TNF-a, IL-1p and IL-6 (Zheng et al., 2018).

In RA, synovial macrophages and fibroblast-like synoviocytes (FLS) produce enormous quantities of TNF-a and IL-6, which
stimulate angiogenesis, drive the influx of further inflammatory cells into the joint and activate osteoclasts leading to bone destruction.
In vitro studies on human synoviocytes harvested from RA patients have shown that incubation with curcumin markedly reduces the
secretion of these cytokines and inhibits the migration and invasiveness of FLS cells (Kloesch et al., 2013). Curcumin also
downregulates the expression of cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase (iNOS). COX-2 is responsible for the
synthesis of prostaglandin E2 (PGE2), which directly sensitizes pain receptors (nociceptors) in the joint and generates edema. By
blocking COX-2, curcumin acts analogously to classical NSAIDs, yet without adversely impacting the constitutive COX-1 isoform, thus
sparing the gastric mucosa (Nonose et al., 2014). Another crucial aspect is the inhibition of extracellular matrix metalloproteinases
(primarily MMP-1, MMP-3, and MMP-13). Stimulated synoviocytes secrete these enzymes, which are responsible for literally digesting
type II collagen and proteoglycans that construct the articular cartilage. By suppressing MMPs, curcumin exerts a tangible

chondroprotective effect that goes far beyond merely masking pain symptoms (Jurenka et al., 2009).

Review of Clinical Evidence (RCTs)

Randomized controlled trials (Kou et al., 2023), which allow validation of the effectiveness of treatments were a requirement to make
the transition from promising preclinical results to clinical practice. A leading milestone in this field was the first-ever randomized pilot
study of an intervention involving 45 patients with active RA (Chandran et al., 2012).

The patients were divided into three groups: the first received pure curcumin (500 mg/day), the second received diclofenac sodium
(50 mg/day), and the third received a combination therapy. The authors assessed changes in the DAS28 (Disease Activity Score 28)
score and American College of Rheumatology (ACR20, ACR50, ACR70) response criteria. The results were quite surprising to the
medical community. The curcumin group showed the most substantial improvement in DAS28 and ACR scores, demonstrating a
statistically significant advantage over diclofenac. Crucially, the curcumin therapy proved completely safe and free from adverse
effects, whereas patients in the NSAID group reported dyspeptic symptoms (Chandran et al., 2012).

Subsequent years brought larger trials confirming these observations. A study compared the efficacy of curcumin with
methotrexate (MTX) in patients newly diagnosed with RA (Khan et al, 2022). After 90 days of treatment, the group using a
standardized curcuminoid extract observed an average 42-minute reduction in morning joint stiffness and a significant decrease in the
number of tender and swollen joints. Inflammatory markers, such as C-reactive protein (CRP) and erythrocyte sedimentation rate
(ESR), decreased by nearly 35% relative to baseline values (Chandran et al.,2012). In a recent double-blind, placebo-controlled trial,
curcumin supplementation in patients with treatment-resistant RA (as an add-on therapy to a stable dose of csDMARD:s) led to a
significant improvement in quality of life and a reduction in subjective pain perception on the VAS (Visual Analog Scale) from an
average of 6.8 to 3.2 (Pourhabibi-Zarandi et al., 2022).

Pharmacokinetic Challenge: Overcoming Low Bioavailability

A major limitation of natural curcumin, frequently pointed out by pharmacologists and peer reviewers, is its exceedingly poor oral
bioavailability. This is due to the highly hydrophobic nature of the curcumin molecule and its lack of solubility in gastric juices, as well
as its limited passive diffusion across the intestinal epithelial cells (enterocytes). In addition, after the curcumin molecule enters the
portal circulation, it undergoes rapid first-pass metabolism in the liver and intestinal epithelial cells (via glucuronidation and sulfation
to inactive metabolites, such as curcumin glucuronide). Because the plasma half-life (ti2) of curcumin is measured in minutes, after you
consume at least 8 grams of raw turmeric powder, there is only enough curcumin in your serum to be detectable below the threshold
(Anand et al., 2007).

A breakthrough in medicine occurred with the implementation of advanced drug delivery systems. The first, now classic, solution
was the combination of curcumin with piperine —an alkaloid extracted from black pepper (Piper nigrum). Piperine is a potent inhibitor
of both intestinal and hepatic UDP-glucuronosyltransferase and P-glycoprotein. By co-administering 20 mg of piperine with 2 g of
curcumin, its bioavailability in humans increases by 2,000%; this effectively yields therapeutic plasma concentrations while avoiding

excessively high curcumin doses (Shoba et al., 1998).
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However, contemporary biotechnology has taken this a step further by creating advanced formulations that eliminate the need for
piperine (which itself can interfere with the metabolism of other drugs via the cytochrome P450 pathway). These include:

e Phospholipid complexes (Phytosomes): An example is the patented Meriva® formulation, where curcumin is bound to
phosphatidylcholine in a 1:2 ratio. Such a complex mimics the structure of cell membranes, drastically increasing gastrointestinal
absorption (nearly 29-fold increase compared to unformulated curcumin) (Belcaro et al., 2010).

® Micellar and nanoparticle formulations: Reducing curcumin particle sizes to the nanometric scale and encapsulating them within
hydrophilic polymer micelles empowers full solubility in the aqueous environment of the intestines. Pharmacokinetic studies prove
that nano-curcumin achieves much higher peak concentrations (Cmax) and area under the curve (AUC) with substantially lower daily
doses (e.g., the THERACURMIN® formulation) (Jacob et al., 2018).

® The bCM-95® formulation: This utilizes the cooperation between curcuminoids and natural essential oils present in the turmeric
rhizome (primarily ar-turmerone). It provides roughly a 7-fold better bioavailability and a longer retention time of the active substance
in the bloodstream (Amalraj et al., 2016; 2017).

For clinicians to recommend to patients that the use of culinary herbs will provide therapeutic benefits, the assumption of the
therapeutic effect will not occur, and therefore, no scientific evidence or allowed as evidence in the establishment of medical
prescriptions will be provided without the use of valid data from validated sources to establish an approved Pharmaco Distribution
System kinetics.

Safety, Tolerability, and Drug Interactions

From the perspective of a young physician working in a rheumatology ward, the safety profile of curcumin is one of its greatest assets.
Phase I toxicological studies have shown that humans can tolerate doses reaching up to 8-12 g per day without any signs of organ
toxicity. The most common, yet exceedingly rare, symptoms reported by patients are mild gastrointestinal disturbances (loose stools,
transient nausea) when taking very large doses of the raw powder (Anand et al., 2007).

In the polypharmacy context, curcumin shows an exciting interaction profile with classical drugs for the management of RA; it does
not act antagonistically but rather synergistically with methotrexate. Pre-clinical research utilizing animal models has demonstrated
that co-administration of curcumin with MTX can significantly decrease MTX doses, whilst still allowing full efficacy of the drug as an
anti-inflammatory agent. In addition to its potent antioxidative properties, curcumin has the ability to scavenge free radicals and thus
protect hepatocytes and renal tubular cells from toxic damage due to MTX metabolites; this may help reduce risk of organ
complications among patients (hepatoprotective/nephroprotective) (Khan et al., 2022).

However, caution should be exercised in patients taking oral anticoagulants (e.g., warfarin, acenocoumarol) or antiplatelet drugs
(acetylsalicylic acid, clopidogrel). Curcumin displays a mild anti-aggregatory effect via the inhibition of thromboxane synthesis and
could theoretically prolong bleeding time. For this reason, it is recommended to discontinue turmeric preparations two weeks prior to
scheduled elective surgeries. Additionally, due to its choleretic and cholagogue actions, active gallstone disease with frequent biliary
colic and biliary tract obstruction constitutes absolute contraindications for its use (Jurenka, 2009).

From a standpoint of a young doctor, a key aspect of the scientific discussion surrounding curcumin is its impact on oxidative
stress. During RA, chronic intra-articular inflammation generates vast amounts of reactive oxygen species (ROS), such as superoxide
anions and hydrogen peroxide. ROS directly damage hyaluronic acid in the synovial fluid, depolymerizing it and reducing its
viscosity, which deprives joints of natural shock absorption and exacerbates mechanical friction. Curcumin, possessing phenolic and
beta-diketone groups in its chemical structure, exhibits a powerful direct capacity to scavenge ROS (Tabanelli et al., 2021). Additionally,
it promotes the intracellular defense mechanisms through stimulation of the Nrf2 pathway associated with the stimulation of the
production of the naturally occurring antioxidant enzymes in our bodies, catalase, superoxide dismutase (SOD), and glutathione
peroxidase by the body itself. There are two main lines of cellular defense that together provide significant protection of joint tissues
from radical polymerized damage caused by free radicals (Panahi et al., 2014). It is also essential to discuss the economic aspect of
prescribing standardized turmeric extracts.

Modern biological therapies, although highly effective, generate massive costs for the state budget and the patients themselves,
making their availability in many countries (including India and Central Europe) limited by restrictive drug reimbursement programs.
Curcumin, being derived from a widely available natural resource, is incomparably cheaper. Utilizing highly bioavailable products has

tangible financial benefits for patients with rheumatic illnesses, allowing them to ensure compliance with therapy and achieve efficacy
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even in low-income patients. Key findings of selected clinical trials evaluating curcumin interventions in RA patients are summarized
in Table 1.

Table 1. Summary of selected clinical trials evaluating curcumin interventions in Rheumatoid Arthritis patients.

Author & Study Design & . L.
. Intervention Key Findings
Year Subjects
Chand Randomized pilot 500 mg pure curcumin vs. | Most substantial improvement in DAS28 and
andran
tal, 2012) study, n=45 active RA | 50 mg diclofenac vs. ACR scores in the curcumin group; no

etal,

patients combination therapy adverse effects reported.

Standardized 42-minute reduction in morning stiffness;
Khan etal.,, | RCT, newly diagnosed . IZ. ) ,I. " o .1 &1 .
) curcuminoid extract vs. significant decrease in tender/swollen joints;
(2022) RA patients (90 days) .
Methotrexate (MTX) ~35% drop in CRP and ESR.
... | Double-blind, , L ) , . .
Pourhabibi- Curcumin Significant improvement in quality of life;
. placebo-controlled ) L o ] ]

Zarandi et . supplementation (add-on | reduction in subjective pain perception (VAS)

trial, treatment-
al,, (2022) . to stable csDMARDs) from 6.8 to 3.2.

resistant RA

Summary

In summarizing the gathered scientific material, Curcuma longa represents a unique category of phytotherapeutics with a well-
established position in both pre-clinical and clinical literature. Its primary polyphenol, curcumin, functions as an effective, multi-target
inhibitor of inflammatory processes, aimed directly at the NF-kB / TNF-a / IL-6 axis. The analyzed randomized controlled trials (RCTs)
provide strong evidence that implementing standardized curcumin extracts in patients with rheumatoid arthritis leads to measurable
clinical improvement—expressed by a decline in disease activity via the DAS28 score, a reduction in subjective pain perception (VAS),
and a decrease in laboratory inflammatory markers (CRP, ESR). The critical challenge of the low bioavailability of a free molecule has
been successfully resolved by modern pharmacology through phytosomal, micellar, and nanoparticle formulations. Due to its excellent
safety record, non-gastrotoxic nature compared to traditional NSAID drugs, and possible synergistic or protective capabilities when
used in conjunction with methotrexate, curcumin represents an incredible source of support when combined with other current

medical therapies for the treatment of rheumatological diseases today.

4. CONCLUSION

This review confirms that highly bioavailable, standardized extracts of Curcuma longa function as a safe and effective adjunctive
therapy for alleviating symptoms of rheumatoid arthritis. Thanks to effective advancement of historical pharmacokinetic restrictions
with supportive delivery systems (such as nanoparticles and phytosomes), curcumin benefits from its various molecular mechanisms
and can inhibit the NF-kB pathway and decrease key pro-inflammatory cytokines without the side effects experienced by classical
NSAIDs in the gastrointestinal tract. In the end, the use of advantageous curcumin formulations in combination with traditional
treatments can provide doctors with a profitable and synergistic solution for improving patients’ conditions and limiting the use of

artificially synthesized medicines.
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