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ABSTRACT

Rheumatoid arthritis (RA) is a chronic autoimmune disorder characterized by
persistent joint inflammation, oxidative stress, and progressive cartilage destruction.
Conventional therapies, including non-steroidal anti-inflammatory drugs (NSAIDs),
disease-modifying antirheumatic drugs (DMARDs), and biologics, provide
symptomatic relief but are often associated with adverse effects and high costs. In
recent years, increasing attention has been directed toward dietary interventions
and functional foods as complementary approaches for RA management. Sunflower
seeds (Helianthus annuus) are nutrient-dense and rich in bioactive compounds with
promising health benefits. They provide essential fatty acids, proteins, dietary fiber,
vitamins, minerals, and phytochemicals with demonstrated anti-inflammatory and
antioxidant properties. The anti-inflammatory effects of sunflower seeds are
primarily attributed to linoleic acid, phytosterols, and phenolic compounds that
modulate pro-inflammatory cytokines such as TNF-q, IL-1f, and IL-6. In addition,
vitamin E and selenium act as potent antioxidants by neutralizing reactive oxygen
species, preventing lipid peroxidation, and enhancing endogenous defense systems,
including superoxide dismutase and glutathione peroxidase. These mechanisms
collectively contribute to reducing joint inflammation, oxidative stress, and tissue
damage, thereby supporting joint integrity. Emerging preclinical evidence highlights
the therapeutic potential of sunflower seed extracts and oil in inflammatory
conditions, though clinical trials in RA populations remain limited. Integrating
sunflower seeds into the diet may offer a safe, accessible, and cost-effective
adjunctive approach to current RA therapies. Future research should focus on
standardized dosages, clinical validation, and the development of sunflower-based
nutraceuticals or delivery systems to enhance bioavailability.

KEYWORDS: Sunflower Seeds, Rheumatoid Arthritis,
Antioxidant, Helianthus Annuus, Nutraceuticals.
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1. INTRODUCTION

Rheumatoid arthritis (RA) is a chronic, systemic
autoimmune disorder that primarily affects the synovial
joints, leading to persistent inflammation, synovial
hyperplasia, cartilage destruction, and progressive bone
erosion. It is characterized by pain, swelling, stiffness, and
loss of function, significantly impairing quality of life. The
global prevalence of RA ranges between 0.5-1%, with
women disproportionately affected compared to men.
Although the precise etiology of RA remains unclear, a
complex interplay of genetic, environmental, hormonal,
and immunological factors contributes to disease onset
and progression. Central to its pathogenesis is the
dysregulation of the immune system, resulting in
abnormal activation of T cells, B cells, macrophages, and
the subsequent release of pro-inflammatory cytokines
such as tumor necrosis factor-alpha (TNF-a), interleukin-1

beta (IL-1p), and interleukin-6 (IL-6). In parallel, oxidative
stress has emerged as a critical player in RA pathology,
where an imbalance between reactive oxygen species
(ROS) production and antioxidant defense mechanisms
aggravates tissue injury and perpetuates
inflammation(Hasan et al, 2022) (Igbal et al, 2023).
Conventional pharmacological interventions, including
non-steroidal  anti-inflammatory  drugs  (NSAIDs),
corticosteroids, disease-modifying antirheumatic drugs
(DMARDs), and biologic agents, have improved clinical
outcomes. However, long-term use is often associated with
significant side effects, reduced patient compliance, and
financial burden. Consequently, increasing attention has
been directed toward complementary approaches,
particularly dietary interventions, which can provide safe,
affordable, and sustainable strategies for RA management.
Nutritional therapy is gaining recognition not only as a
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preventive measure but also as an adjunct to conventional
treatments. Diets rich in antioxidants, polyunsaturated
fatty acids, and phytochemicals have been shown to reduce
inflammation, mitigate oxidative damage, and improve
overall health outcomes in patients with
RA(Venetsanopoulou et al, 2024)(Altaf et al, 2023).
Among various functional foods, sunflower seeds
(Helianthus annuus) have attracted scientific interest due
to their dense nutritional profile and bioactive
constituents. Sunflower seeds are an excellent source of
vitamin E, selenium, magnesium, zinc, polyunsaturated
fatty acids, phenolic compounds, and phytosterols. Vitamin
E, a lipid-soluble antioxidant, is particularly abundant in
sunflower seeds and plays a vital role in protecting cell
membranes against oxidative stress, which is a major
contributor to RA pathology. Selenium and zinc, on the
other hand, are essential cofactors for antioxidant enzymes
such as glutathione peroxidase and superoxide dismutase,
which help neutralize ROS and reduce oxidative burden in
inflamed joints. Additionally, the presence of linoleic acid

and phytosterols contributes to the seeds’ anti-
inflammatory properties by modulating cytokine
production and downregulating inflammatory

pathways(Adeleke & Babalola, 2020) (Saqib et al., 2023).

The growing body of evidence highlights the potential of
sunflower seeds as a natural therapeutic resource for
managing chronic inflammatory disorders, including RA.
While most studies have focused on the general health
benefits of sunflower seeds, their specific implications for
joint health and autoimmune regulation remain
underexplored. Nevertheless, preliminary findings suggest
that sunflower seeds may reduce oxidative stress,
modulate immune responses, and protect against
inflammation-induced tissue damage(Ghosh et al., 2024).
This review aims to provide a comprehensive analysis of
the anti-inflammatory and antioxidant properties of
sunflower seeds and to explore their potential implications
in the management of RA. By consolidating available
evidence from biochemical studies, experimental models,
and clinical observations, this review seeks to highlight the
therapeutic promise of sunflower seeds as a
complementary dietary intervention. Furthermore, the
review discusses existing research gaps and future
directions, emphasizing the need for clinical validation and

nutraceutical development(Chaudhary et al., 2025) (Igbal
& Ahmad, 2024).

2. Rheumatoid Arthritis: Pathophysiology and Current
Challenges
Overview of
Inflammation
Rheumatoid arthritis (RA) is primarily driven by immune
system dysregulation, which initiates and sustains chronic
inflammation within synovial joints. Genetic
predisposition, environmental triggers, and aberrant
immune responses converge to activate autoreactive T and
B cells. These immune cells infiltrate the synovial
membrane, stimulating macrophages and dendritic cells to
release pro-inflammatory cytokines such as tumor
necrosis factor-alpha (TNF-a), interleukin-1 beta (IL-1[),
and interleukin-6 (IL-6) (Igbal, Fatima, et al,, n.d.). These
mediators amplify the inflammatory cascade, recruit
neutrophils, and promote synovial hyperplasia, leading to
pannus formation. The inflamed pannus erodes cartilage
and bone, resulting in progressive joint destruction, pain,
stiffness, and disability. Chronic immune activation also
induces systemic manifestations, including cardiovascular
complications and fatigue, highlighting RA as a disease
extending beyond joint pathology(Boissier et al, 2020)
(Igbal et al., 2024).

Immune Dysregulation and Joint

Role of Oxidative Stress in RA Progression

Alongside immune dysregulation, oxidative stress plays a
critical role in RA pathogenesis. Reactive oxygen species
(ROS) and reactive nitrogen species (RNS) are generated
excessively by activated immune cells within inflamed
joints. In healthy conditions, antioxidant enzymes such as
superoxide dismutase (SOD), catalase (CAT), and
glutathione peroxidase (GPx) maintain redox balance.
However, in RA, the antioxidant defense system is
overwhelmed, leading to oxidative damage of lipids,
proteins, and DNA (Mushtaq et al, n.d.). This oxidative
burden perpetuates inflammation by activating nuclear
factor-kappa B (NF-«B) and other signaling pathways that
upregulate cytokine expression. Furthermore, oxidative
stress accelerates cartilage degradation and bone
resorption by promoting matrix metalloproteinase (MMP)
activity and osteoclast differentiation. Thus, oxidative
imbalance not only sustains chronic inflammation but also
contributes to irreversible joint damage(Wang et al,
2022).(Igbal & Ahmed, n.d.-a)
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Figure No: 1. Pathophysiology of Sunflower Seeds’ effect on Rheumatoid Arthritis.

Limitations of Conventional Therapies

Pharmacological therapies remain the cornerstone of RA
management, aiming to control inflammation, relieve pain,
and slow disease progression. Non-steroidal anti-
inflammatory drugs (NSAIDs) provide symptomatic relief
but do not alter disease course, while corticosteroids,
though effective, are limited by metabolic, cardiovascular,
and bone-related adverse effects. Disease-modifying
antirheumatic drugs (DMARDs), such as methotrexate, are
widely used to suppress immune responses; however,
their onset of action is slow, and long-term use can lead to
hepatotoxicity, @ bone  marrow suppression, and
gastrointestinal issues(Igbal, Yousaf, et al., n.d.). Biologic
agents targeting cytokines, particularly TNF inhibitors,
have revolutionized RA treatment but remain costly and
increase susceptibility to infections. Moreover, inter-
patient variability in drug response and the potential for
treatment resistance highlight the incomplete efficacy of
existing pharmacological options. Consequently, despite
significant advancements, achieving long-term remission
in all RA patients remains an ongoing challenge(Cox et al,,
2025) (Igbal & Ahmed, n.d.-b)

Need for Natural Adjunctive Therapies

Given the limitations of conventional therapies, there is a
growing interest in exploring natural adjunctive strategies
to complement existing treatments. Dietary interventions,
herbal medicines, and functional foods rich in anti-
inflammatory and antioxidant compounds present
promising alternatives. These approaches offer the
potential to reduce systemic inflammation, restore redox
balance, and improve patient quality of life with fewer side
effects and greater accessibility. Natural interventions
such as polyphenols, omega-3 fatty acids, and plant-
derived antioxidants have already demonstrated benefits
in mitigating RA-related inflammation. Within this context,
sunflower seeds (Helianthus annuus), abundant in vitamin

E, selenium, linoleic acid, and phytosterols, emerge as a
nutritional resource with dual anti-inflammatory and
antioxidant potential. Investigating such natural therapies
could open new avenues for cost-effective, safer, and
sustainable management of RA(Ghosh et al,, 2024) (Igbal,
Salma, et al., n.d.).

3. Nutritional Profile of Sunflower Seeds

Sunflower seeds (Helianthus annuus) are valued
worldwide as a nutrient-dense food with a unique
combination of macronutrients, micronutrients, and
bioactive compounds. Their rich nutritional composition
not only contributes to general health but also holds
therapeutic relevance in inflammatory and oxidative
stress-related diseases such as rheumatoid arthritis (RA).
The following subsections highlight the major nutritional
attributes of sunflower seeds and their roles in
inflammation and oxidative stress regulation (Igbal,
Javeria, et al,, n.d.).

Macronutrients: Proteins, Healthy Fats, and Fibers

Sunflower seeds are an excellent source of plant-based
protein, contributing approximately 20-25% of their
weight. These proteins provide essential amino acids
required for tissue repair and immune function. Some
peptides derived from sunflower proteins have shown
antioxidant properties, further supporting their health-
promoting role(Adeleke & Babalola, 2020). The seeds are
particularly rich in healthy fats, accounting for nearly 50%
of their composition. Polyunsaturated fatty acids (PUFAs),
primarily linoleic acid, constitute the bulk of these fats,
along with smaller amounts of monounsaturated fatty
acids such as oleic acid. PUFAs help regulate lipid
metabolism, reduce low-density lipoprotein (LDL)
cholesterol, and modulate inflammatory pathways. In the
context of RA, they may reduce the production of pro-
inflammatory eicosanoids, thereby alleviating joint
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inflammation(Kapoor et al, 2021)(Altaf et al, 2026).
Dietary fiber, also present in significant amounts,
contributes to digestive health, regulation of blood sugar,
and maintenance of gut microbiota. A healthy gut
microbiome is increasingly recognized as a modulator of
systemic inflammation and immune responses, which are
central to RA progression(Kumar et al.,, 2020).

Micronutrients: Vitamin E, Selenium, Magnesium, and
Zinc

Sunflower seeds are particularly rich in vitamin E, one of
the most potent lipid-soluble antioxidants. Vitamin E
protects cell membranes from oxidative damage by
scavenging free radicals, thereby limiting lipid
peroxidation in inflamed tissues. For RA patients, adequate
vitamin E intake may help reduce oxidative stress in joints
and enhance immune regulation(Rafeeq et al, 2020).
Selenium is another essential micronutrient abundant in
sunflower seeds. It functions as a cofactor for glutathione
peroxidase, a critical enzyme in neutralizing hydrogen
peroxide and other reactive oxygen species (ROS).
Selenium also influences immune responses by modulating
cytokine production and enhancing T-cell
proliferation(Ameen et al,, 2024). Magnesium, present in
considerable amounts, plays a central role in enzymatic
activity, bone health, and neuromuscular function.
Importantly, magnesium deficiency has been associated
with chronic low-grade inflammation, suggesting its
contribution to inflammatory disease control. Zinc,
another key element in sunflower seeds, supports
antioxidant defense by serving as a cofactor for superoxide
dismutase (SOD). Zinc also regulates immune function and
gene expression, both of which are vital in the
pathophysiology of RA(Souza et al., 2023).

Bioactive Compounds: Polyphenols, Flavonoids, and
Phytosterols

Beyond macro- and micronutrients, sunflower seeds
contain numerous bioactive compounds with therapeutic
potential. Polyphenols and flavonoids present in sunflower
seeds exert strong antioxidant activity by directly
scavenging ROS and modulating intracellular signaling
pathways linked to inflammation. These compounds may
suppress the activation of NF-kB, a transcription factor
involved in the expression of pro-inflammatory
cytokines(Adeleke & Babalola, 2020). Phytosterols,
structurally similar to cholesterol, are abundant in
sunflower seeds. They are known for lowering serum
cholesterol levels and reducing cardiovascular risk, which
is particularly important in RA patients who have an
increased risk of cardiovascular comorbidities. In addition,
phytosterols demonstrate immunomodulatory properties,
contributing to the downregulation of inflammatory
mediators(Poudel et al,, 2023).

Relevance in Inflammation and Oxidative Stress
Control

The synergistic action of sunflower seeds’ nutrients
provides a dual benefit in RA management. Proteins and
PUFAs regulate immune responses, vitamin E and
selenium enhance antioxidant defenses, and polyphenols,
flavonoids, and phytosterols reduce pro-inflammatory
signaling. Together, these components may alleviate joint
inflammation, limit oxidative damage, and improve overall
metabolic health. This unique nutritional profile highlights
sunflower seeds as a promising dietary intervention for
managing chronic inflammatory diseases(Annamma et al,,
2024).

Table No. 1: Nutritional, Anti-Inflammatory, and Antioxidant Relevance of Sunflower Seeds in Rheumatoid
Arthritis Management.

Section Subtopic Key Mechanism/Action Evidence Relevance to RA References
Components Source
. Autoimmune, Chronic joint Clinical . (Sokolova et
Introduction RA Background inflammatory damage studies Sets disease context al, 2022)
RA Immune T cells. evtokines Drives synovial Pathogenesis | Explains target (Fangetal,
Pathophysiology | Dysregulation e inflammation research mechanisms 2020)
RA Oxidative ROS. RNS Induces joint Preclinical Highlights oxidative | (Hameister
Pathophysiology | Stress ’ damage studies burden etal,, 2020)
RA Challenees Current NSAIDs, DMARDs, | Reduce Clinical use Limited by side (Prasad et
J Therapies biologics inflammation effects al,, 2023)
Nutritional . Proteins, healthy | Support metabolism | Nutritional Provide systemic (Munteanu &
. Macronutrients . . . . Schwartz,
Profile fats, and fibers & immunity studies support 2022)
Nutritional . . Vitamin E, Antioxidant, anti- Biochemical Counteract (El-Sayed et
. Micronutrients . . . R
Profile selenium, Mg, Zn inflammatory studies oxidative stress al,, 2024)
Nutritional Bioactive Polyphgnols, Nutraceutical | Natural (Maheshwari
) flavonoids, Modulate pathways . . .
Profile Compounds evidence immunomodulation | etal, 2022)
phytosterols
Anti- Cytokine . In vitro/in Reduces (Saleh et al,,
Inflammatory Modulation TNF-a, IL-1B, IL-6 | Downregulation vivo inflammation 2021)
Anti- Fatty Acids Linoleic acid R'egulate.s Animal Fiontrols ]qlnt (Mus?onen &
Inflammatory eicosanoids models inflammation Nieminen,
Copyright@: Igbal et al. | World Journal of Pharmaceutical and Healthcare Research. 15




WJPHR, Volume 3, Issue 3, 2026.

2021)
Anti- o Experimental | Immunosuppressive | (Liew etal,,
Inflammatory Phytosterols Plant sterols Inhibit NF-xB data offect 2025)
Antioxidant Vltamln E& Nutrients Neutralize ROS Chm.c ?l Protects joint cells (Bryliriski et
Selenium nutrition al,, 2025)
Antioxidant Enzyme SOD, CAT, GPx Enhances defense Preclinical Maintains redox (Singh et al,
Support balance 2023)
L Lipid Polyunsaturated | Preventlipid o Preserves (Félix et al,,
Antioxidant Protection fats peroxidation Lab findings membrane integrity | 2020)
RA . . . . . Potential integrative | (D.Sharma
Management Dietary Role Sunflower seeds | Adjunctive therapy | Limited trials use etal, 2021)
Clinical trials, . Lo .
Future Scope Research Gaps | standardization, II.an‘O\.Ied . Ongoing Trans.latlon into (Herdiana,
. bioavailability research practice 2025)
nanoformulations

4. Anti-Inflammatory Properties of Sunflower Seeds
Rheumatoid arthritis (RA) is marked by persistent
inflammation in synovial joints, driven by cytokine
imbalances and immune dysregulation. Sunflower seeds
(Helianthus annuus) contain bioactive compounds and
nutrients that exhibit potent anti-inflammatory effects.
These properties make them an attractive dietary
intervention for managing chronic inflammation in RA(A.
Sharma & Goel, 2023).

Mechanisms of Action in Reducing Inflammatory
Mediators

Sunflower  seeds  possess several constituents
polyunsaturated fatty acids, phytosterols, flavonoids, and
vitamin E that act through diverse mechanisms to
suppress inflammation. These compounds inhibit nuclear
factor-kappa B (NF-xB), a central transcription factor that
regulates the expression of pro-inflammatory genes. By
downregulating NF-kB signaling, sunflower seed
constituents reduce the production of inflammatory
mediators such as prostaglandins, nitric oxide, and matrix
metalloproteinases (MMPs), all of which contribute to joint
destruction in RA. Moreover, antioxidants present in
sunflower seeds indirectly reduce inflammation by
lowering oxidative stress, which otherwise activates pro-
inflammatory pathways(Mazzocchi et al.,, 2021).

Modulation of Cytokines (TNF-a, IL-1(, IL-6)

One of the most significant anti-inflammatory effects of
sunflower seeds lies in their ability to modulate cytokine
production. RA progression is fueled by elevated levels of
TNF-a, IL-1B, and IL-6, which recruit immune cells and
perpetuate synovial inflammation. Studies suggest that
bioactive compounds from sunflower seeds can suppress
the secretion of these cytokines. For example, vitamin E
has been shown to reduce IL-1fB activity, while
polyphenolic compounds modulate TNF-a and IL-6
expression by interfering with intracellular signaling
pathways. By lowering cytokine levels, sunflower seed
components may slow pannus formation and protect
cartilage and bone from degradation(Chojnacka &
Lewandowska, 2023).

Effects of Linoleic
Inflammation Control
Linoleic acid, a major polyunsaturated fatty acid in
sunflower seeds, plays a vital role in inflammatory
regulation. It serves as a precursor for anti-inflammatory
lipid mediators that counterbalance the effects of pro-
inflammatory eicosanoids. Dietary linoleic acid has been
associated with reductions in systemic inflammation and
improvements in lipid metabolism, both of which are
beneficial for RA patients(Harwood, 2023). Phytosterols,
another abundant component of sunflower seeds, exhibit
structural similarity to cholesterol and can modulate
immune responses. They inhibit the production of pro-
inflammatory cytokines and may reduce activation of
macrophages and T cells, thereby suppressing joint
inflammation. Additionally, phytosterols are known to
enhance intestinal barrier function, indirectly preventing
systemic inflammation triggered by microbial products
from the gut(El Omari et al., 2024).

Acid and Phytosterols in

Evidence from in Vitro and in Vivo Studies
Experimental studies provide preliminary support for the
anti-inflammatory effects of sunflower seeds and their
extracts. In vitro investigations have demonstrated that
sunflower-derived phenolic compounds reduce oxidative
stress-induced inflammation by scavenging free radicals
and inhibiting NF-kB activation in cultured immune cells.
Similarly, sunflower oil, rich in linoleic acid, has been
shown to reduce markers of inflammation in cell-based
assays(Tonolo et al., 2024).

In vivo studies further highlight their therapeutic
potential. Animal models of inflammation treated with
sunflower seed extracts displayed reduced joint swelling,
decreased inflammatory cell infiltration, and lower serum
levels of TNF-a and IL-6. Additionally, dietary
supplementation with sunflower oil in rodents has been
reported to improve antioxidant enzyme activities while
attenuating systemic inflammation. Although human
clinical data remain limited, these findings provide a
strong foundation for future investigations in RA
populations. The anti-inflammatory potential of sunflower
seeds is attributed to their multifaceted effects:
suppression of inflammatory mediators, modulation of
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cytokine activity, and the beneficial roles of linoleic acid
and phytosterols. Evidence from laboratory and animal
studies underscores their promise as a natural adjunctive

therapy for RA, warranting further clinical
exploration(Kciuk et al., 2024)(Ahmad & Igbal, 2025).

Heatmap of Sunflower Seed Constituents
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Figure No. 2: Heatmap of sunflower seed constituents.

5. Antioxidant Properties of Sunflower Seeds

Oxidative stress is a critical factor in the initiation and
progression of rheumatoid arthritis (RA). Excessive
production of reactive oxygen species (ROS) and reactive
nitrogen species (RNS) within inflamed joints damages
proteins, lipids, and DNA, perpetuating inflammation and
accelerating cartilage and bone degradation. Antioxidants
play a protective role by restoring redox balance, reducing
oxidative injury, and modulating inflammatory pathways.
Sunflower seeds (Helianthus annuus), rich in vitamin E,
selenium, polyphenols, and other antioxidant compounds,
represent a natural dietary source with potential
therapeutic relevance in RA(Zamudio-Cuevas et al., 2022)
(Igbal, n.d.)(Igbal, Ahmed, et al.,, n.d.)

Role of Vitamin E and Selenium in Neutralizing Free
Radicals

Vitamin E is the most abundant antioxidant in sunflower
seeds and functions as a lipid-soluble radical scavenger. It
protects polyunsaturated fatty acids in cellular membranes
from peroxidation by neutralizing free radicals, thereby
maintaining membrane integrity. In RA, where lipid
peroxidation is significantly elevated, vitamin E
supplementation has been shown to reduce oxidative
stress markers and improve clinical symptoms such as
joint stiffness and pain(Szymanska et al., 2020). Selenium,
another key nutrient in sunflower seeds, serves as a

cofactor for glutathione peroxidase (GPx), one of the
body’s most powerful antioxidant enzymes. Adequate
selenium levels are essential for efficient detoxification of
hydrogen peroxide and lipid hydroperoxides, which
otherwise exacerbate tissue injury in RA. Selenium also
contributes to immune regulation by modulating the
proliferation of T lymphocytes and reducing the
expression of pro-inflammatory cytokines(Ameen et al,
2024).

Enhancement of Endogenous Antioxidant Enzymes
(SOD, CAT, GPx)

In addition to supplying direct antioxidants, sunflower
seeds support the activity of endogenous defense systems.
Zinc and magnesium, present in significant quantities, act
as cofactors for superoxide dismutase (SOD) and catalase
(CAT), enzymes that dismantle superoxide radicals and
hydrogen peroxide. By strengthening the activities of SOD,
CAT, and GPx, sunflower seed nutrients enhance the body’s
natural resilience against oxidative stress. This
improvement in antioxidant enzyme function not only
reduces oxidative injury but also limits downstream
inflammatory signaling pathways that drive RA
progression(Hassan & Hamza, 2025).
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Prevention of Lipid Peroxidation and Oxidative
Damage in Joints

A major consequence of oxidative imbalance in RA is lipid
peroxidation within synovial membranes and articular
cartilage. The resulting toxic by-products, such as
malondialdehyde (MDA), further activate inflammatory
signaling and damage joint tissues. Sunflower seeds,
through vitamin E, selenium, and phenolic compounds,
prevent lipid peroxidation and stabilize cellular structures
in joint tissues. By reducing oxidative modification of
proteins and DNA, these compounds protect chondrocytes
and synoviocytes from apoptosis and dysfunction, thereby
slowing cartilage destruction(Zamudio-Cuevas et al,
2022).

Experimental and Clinical Findings

Preclinical studies have consistently demonstrated the
antioxidant potential of sunflower seeds and their
derivatives. In animal models of inflammation, sunflower
oil supplementation has been shown to elevate antioxidant
enzyme activity, lower MDA levels, and reduce oxidative
stress-induced tissue damage. In vitro experiments also
confirm that sunflower phenolic extracts possess strong
free radical scavenging activity comparable to standard
antioxidants(Cho et al., 2024). Clinical evidence, though
limited, provides encouraging insights. Studies
investigating sunflower oil and vitamin E supplementation
in patients with arthritis have reported improvements in
oxidative stress biomarkers and reductions in joint pain
and stiffness. While more randomized controlled trials are
needed to establish conclusive benefits, these findings
highlight the clinical promise of sunflower seeds as an
accessible dietary antioxidant source for RA patients. The
antioxidant properties of sunflower seeds stem from their
rich content of vitamin E, selenium, and supportive
micronutrients that boost endogenous defense systems. By
neutralizing free radicals, enhancing antioxidant enzyme
activity, and preventing lipid peroxidation, sunflower
seeds can potentially protect joint tissues from oxidative
injury in RA(Bilski & Nuszkiewicz, 2025).

6. Implications for Rheumatoid Arthritis Management

Rheumatoid arthritis (RA) is a debilitating autoimmune
disorder that demands long-term treatment strategies to
control inflammation, reduce oxidative stress, and prevent
irreversible joint damage. Although pharmacological
therapies remain the cornerstone of RA management, the
exploration of complementary dietary interventions has
gained momentum. Sunflower seeds (Helianthus annuus),

owing to their anti-inflammatory and antioxidant
properties, are increasingly being considered as a
nutritional adjunct that may support conventional

therapies and improve patient outcomes(Prasad et al,
2023).

Potential Role of Sunflower Seeds as a Dietary
Supplement in RA

Sunflower seeds provide a rich source of vitamin E,
selenium, polyunsaturated fatty acids, and phytosterols, all

of which contribute to inflammation control and oxidative
stress reduction. Regular dietary intake of sunflower seeds
could potentially lower pro-inflammatory cytokine levels,
enhance antioxidant defenses, and reduce joint tissue
damage. For RA patients, these benefits may translate into
improved symptom relief, decreased disease activity, and
enhanced quality of life. Moreover, sunflower seeds are
easily available, affordable, and well accepted as part of a
balanced diet, making them a practical nutritional
supplement in chronic disease management(Khurana &
Singh, 2020).

Synergistic Effects with Conventional Therapies
Pharmacological treatments such as NSAIDs, DMARDs, and
biologics target specific inflammatory pathways, but they
do not fully address oxidative stress, which plays a crucial
role in RA pathology. Nutrients and bioactive compounds
in sunflower seeds may complement these therapies by
enhancing antioxidant enzyme activities and reducing
oxidative burden. For example, vitamin E can protect joint
tissues from oxidative injury while selenium enhances
glutathione peroxidase activity, collectively supporting the
action of DMARDs in reducing systemic inflammation. The
combination of conventional drugs with dietary
antioxidants may also allow for lower medication dosages,
thereby minimizing long-term adverse effects(Satapathy et
al.,, 2025).

Evidence from Animal Models and Human Trials

Preclinical studies provide valuable insights into the
therapeutic promise of sunflower seeds. Animal models of
arthritis supplemented with sunflower seed extracts or
sunflower o0il have demonstrated reduced joint
inflammation, improved antioxidant status, and decreased
levels of pro-inflammatory cytokines such as TNF-a and
IL-6. These findings suggest that sunflower-derived
compounds can modulate immune responses and protect
against oxidative damage in inflamed tissues. Human
studies are limited but encouraging. Clinical trials
evaluating vitamin E supplementation in arthritis patients
have reported reductions in pain and improvements in
mobility, though results vary depending on dosage and
duration. Sunflower oil, as a dietary source of
polyunsaturated fatty acids, has also been associated with
better cardiovascular health in RA patients, who are at
higher risk of comorbidities. However, direct large-scale
clinical trials investigating whole sunflower seed
supplementation in RA populations remain scarce,
representing a critical research gap(Lim et al., 2025).

Long-Term Safety and Feasibility in RA Patients

One of the advantages of sunflower seeds is their favorable
safety profile. Unlike pharmacological drugs, sunflower
seeds are natural food sources that can be consumed daily
without significant side effects. They provide additional
nutritional benefits, including support for cardiovascular
and metabolic health, which are often compromised in RA
patients. Nonetheless, moderation is important, as
excessive intake may contribute to calorie overload or
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imbalances in fatty acid ratios. Integrating sunflower seeds
into dietary plans under clinical guidance appears feasible,
safe, and sustainable for long-term RA management.
Sunflower seeds hold promise as a complementary dietary
strategy for RA due to their antioxidant and anti-

inflammatory effects, their potential synergy with
standard therapies, and their favorable safety profile.
While preclinical findings are encouraging, rigorous
clinical validation is required before definitive
recommendations can be made(Adeleke & Babalola, 2020).

Table No. 2: Constituents of Sunflower Seeds (Helianthus annuus).

Category Constituents Physiological Role / References
Relevance
. . . . . Supports tissue repair, (Kapoor et al., 2021)(Igbal,
Macronutrients Proteins (essential amino acids) immunity, and muscle health Altaf, et al, n.d.)
Healthy fats (monounsaturated, ..
. . Anti-inflammatory, energy
polyunsaturated, omega-6 linoleic . .
acid) source, joint protection
Dietary fibers Support; gut health, regulates
metabolism
Micronutrients Vitamin E (tocopherols) Potent antioxidant, protects (Khadim & Al-Fartusie,
cell membranes 2021)
. Antioxidant, boosts immune
Selenium .
function
Magnesium Regulate.s enzyme gctmty,
reduces inflammation
Zinc Immune support, antioxidant
defense
B-complex vitamins (niacin, folate, Energy metabolism, DNA
pantothenic acid) synthesis
Bioactive Polvphenols Antioxidant, anti- (Winiarska-Mieczan et al.,
Compounds yp inflammatory 2023)(Igbal & Altaf, 2025)
, Scavenge free radicals,
Flavonoids . . .
modulate immune signaling
Compete with cholesterol
Phytosterols absorption, anti-inflammatory
Trvptophan Precursor for serotonin, mood
fyptop regulation
. . Antioxidant, reduces oxidative
Chlorogenic acid
stress

7. Future Perspectives and Research Gaps

Although sunflower seeds show promising nutritional and
therapeutic potential, further research is essential to
establish their clinical relevance in rheumatoid arthritis
(RA). Most available evidence is preclinical, with limited
human studies, highlighting the urgent need for well-
designed clinical trials to confirm efficacy, safety, and
optimal consumption levels in RA populations.
Standardization of sunflower seed extracts, particularly in
terms of bioactive compounds like vitamin E, selenium,
and phytosterols, is critical for consistent outcomes.
Moreover, advanced approaches such as nanoparticle-
based delivery systems could enhance the bioavailability
of sunflower-derived compounds, ensuring better
therapeutic responses. Another promising direction
involves incorporating sunflower seeds into functional
foods and nutraceutical formulations, offering a
convenient and sustainable adjunct to conventional RA
therapies. Addressing these research gaps will not only
validate the role of sunflower seeds in RA management but

also broaden opportunities for natural, diet-based

interventions(D. Sharma et al., 2021).

8. CONCLUSION

Sunflower seeds (Helianthus annuus) represent a valuable
dietary resource with significant anti-inflammatory and
antioxidant properties that may contribute to the
management of rheumatoid arthritis (RA). Their rich
content of vitamin E, selenium, polyphenols, and essential
fatty acids helps modulate inflammatory pathways, reduce
oxidative stress, and protect joint tissues from progressive
damage. Evidence from experimental studies suggests that
sunflower seeds can influence cytokine activity and
enhance endogenous antioxidant defenses, thereby
mitigating RA-related complications. While conventional
therapies remain central in RA treatment, incorporating
sunflower seeds as a dietary adjunct may enhance
therapeutic outcomes and improve patients’ quality of life.
However, current evidence is largely preclinical, and
robust human clinical trials are necessary to establish
efficacy, safety, and appropriate dosage. With further
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validation, sunflower seeds hold the potential to be
integrated into functional foods or nutraceuticals, offering
a natural and sustainable strategy in RA therapy.

9. REFERENCES

1.

10.

11.

12.

Adeleke, B. S., & Babalola, 0. 0. (2020). Oilseed crop
sunflower (Helianthus annuus) as a source of food:
Nutritional and health benefits. Food Science &
Nutrition, 8(9): 4666-4684.

Ahmad, A., & Igbal, T. (2025). Multifaceted Benefits of
Basil (Ocimum spp.): Agriculture, Culinary, and
Medicinal Uses.

Altaf, S., Igbal, T., Majeed, W., Farooq, M. A., Naseer, D.,
Saleem, M., Babar, S. U. R,, & Ikram, M. (2023). Plasma
membrane camouflaged nanoparticles: an emerging
antibacterial approach. One Health Triad, Unique
Scientific Publishers, Faisalabad, Pakistan, 2: 193-200.
Altaf, S., Igbal, T., Naeem, M. A, & lkram, M. (2026).
Pharmacological role of bioactive compounds of date
palm by-products. In Sustainable Valorization of Date
Palm By-products and Wastes (pp. 115-138). Elsevier.
Ameen, M., Zia, M. A., Najeeb Alawadi, H. F., Naqve, M.,
Mahmood, A., Shahzad, A. N,, Khan, B. A., Alhammad, B.
A., Aljabri, M., & Seleiman, M. F. (2024). Exogenous
application of selenium on sunflower (Helianthus
annuus L.) to enhance drought stress tolerance by
morpho-physiological and biochemical adaptations.
Frontiers in Plant Science, 15: 1427420.

Annamma, L. M,, Azim, S. A,, & Ashmawy, N. S. (2024).
Nutraceuticals in Inflammatory Autoimmune Diseases.
In Nutraceuticals: A New Millennium Approach for
Preventive Medicine (243-270). Springer.
Bilski, R., & Nuszkiewicz, ]J. (2025).
Therapies as Emerging Adjuncts in
Arthritis: Targeting Oxidative Stress
Treatment Outcomes. International
Molecular Sciences, 26(7): 2873.

Boissier, M.-C., Biton, ], Semerano, L., Decker, P., &
Bessis, N. (2020). Origins of rheumatoid arthritis. Joint
Bone Spine, 87(4): 301-306.

Brylinski, L., Bryliiska, K., Wolinski, F., Sado, J., Smyk,
M., Komar, O. Karpinski, R, Przadka, M. & Baj, ].
(2025). Trace Elements—Role in Joint Function and
Impact on Joint Diseases. International Journal of
Molecular Sciences, 26(15): 7493.

Chaudhary, S., Sharma, S., Fuloria, S., & Sharma, P. K.
(2025). Anti-Inflammatory and Anti-Arthritis Activity
of Quercetin: A Comprehensive Review. Current
Rheumatology Reviews, 21(2): 144-159.

Cho, K.-H,, Kim, J.-E., Lee, M.-S., & Bahuguna, A. (2024).
Oral supplementation of ozonated sunflower oil
augments plasma antioxidant and anti-Inflammatory
abilities  with  enhancement of high-density
lipoproteins functionality in rats. Antioxidants, 13(5):
529.

Chojnacka, K., & Lewandowska, U. (2023). Inhibition of
pro-inflammatory cytokine secretion by polyphenol-
rich extracts in macrophages via NF-xB pathway. Food
Reviews International, 39(8): 5459-5478.

Antioxidant
Rheumatoid
to Enhance
Journal of

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Cox, N. Mallen, C. D, & Scott, I. C. (2025).
Pharmacological pain management in patients with
rheumatoid arthritis: a narrative literature review.
BMC Medicine, 23(1): 54.

El-Sayed, A. Ebissy, E., Mohamed, R, & Ateya, A.
(2024). Effects of antioxidant vitamins (A, D, E) and
trace elements (Cu, Mn, Se, Zn) administration on gene
expression, metabolic, antioxidants and
immunological profiles during transition period in
dromedary camels. BMC Veterinary Research, 20(1):
101.

El Omari, N., Bakrim, S., Khalid, A., Abdalla, A. N,, lesa,
M. A. M,, El Kadrij, K,, Tang, S. Y., Goh, B. H., & Bouyahya,
A. (2024). Unveiling the molecular mechanisms:
Dietary = phytosterols as  guardians  against
cardiovascular diseases. Natural Products and
Bioprospecting, 14(1): 27.

Fang, Q. Zhou, C, & Nandakumar, K. S. (2020).
Molecular and cellular pathways contributing to joint
damage in rheumatoid arthritis. Mediators of
Inflammation, 2020.

Félix, R., Valentio, P., Andrade, P. B., Félix, C., Novais, S.
C., & Lemos, M. F. L. (2020). Evaluating the in vitro
potential of natural extracts to protect lipids from
oxidative damage. Antioxidants, 9(3): 231.

Ghosh, N., Pathak, S., Malsawmdawngkimi, Kumar, G.,
& Gull, A. (2024). Natural products and traditional
herbal medicines as managerial therapies to combat
rheumatoid arthritis. Clinical &  Translational
Metabolism, 22(1): 2.

Hameister, R., Kaur, C., Dheen, S. T., Lohmann, C. H.,, &
Singh, G. (2020). Reactive oxygen/nitrogen species
(ROS/RNS) and oxidative stress in arthroplasty.
Journal of Biomedical Materials Research Part B:
Applied Biomaterials, 108(5): 2073-2087.

Harwood, J. L. (2023). Polyunsaturated fatty acids:
conversion to lipid mediators, roles in inflammatory
diseases and dietary sources. International Journal of
Molecular Sciences, 24(10): 8838.

Hasan, A. A, Khudhur, H. R,, & Hameed, A. K. (2022).
Rheumatic autoimmune diseases (focus on RA):
prevalence, types, causes and diagnosis. Karbala
Journal of Pharmaceutical Sciences, 1(20).

Hassan, M. A, & Hamza, ]. H. (2025). Iron, Zinc and
Boron in Sunflower. IOP Conference Series: Earth and
Environmental Science, 1487(1): 121009.

Herdiana, Y. (2025). Bridging the Gap: The Role of
Advanced Formulation Strategies in the Clinical
Translation of Nanoparticle-Based Drug Delivery
Systems. International Journal of Nanomedicine,
13039-13053.

Igbal, T. (n.d.). EXPLORATION OF MEDICINAL PLANTS
AT PEER DA KHARA (PEERKHARA): A HISTORICAL AND
SPIRITUAL LANDMARK IN JHELUM DISTRICT,
PAKISTAN.

Igbal, T., & Ahmad, A. (2024). Comparative Analysis of
Omega-3 Fatty Acids Content in Plant and Animal
Sources.
https://doi.org/10.26717/B]JSTR.2024.58.009165

Copyright@: Igbal et al. | World Journal of Pharmaceutical and Healthcare Research.

20



WJPHR, Volume 3, Issue 3, 2026.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Igbal, T., Ahmad, A., Naveed, M. T., Alj, A., & Ahmad, M.
(2023). Potential Role of Zoonoses in Bioterrorism.
Zoonosis, Unique Scientific Publishers, Faisalabad,
Pakistan, 1: 499-512.

Igbal, T., & Ahmed, N. (n.d.-a). BAMBOO EXTRACTS
LOADED PLGA NANOPARTICLES FOR THE TREATMENT
OF RHEUMATOID ARTHRITIS.

Igbal, T, & Ahmed, N. (n.d.-b). EXPLORING THE
THERAPEUTIC POTENTIAL OF HERBAL MEDICINE IN
TREATING MALE INFERTILITY: A COMPREHENSIVE
REVIEW.

Igbal, T., Ahmed, N., Mushtagq, S., Akhter, M. M., Hamza,
A, Javed, A. R, Taj, M. T., Habib, A, Ahmad, U. F., &
Haider10, Z. (n.d.). ASSESSING THE BIODIVERSITY AND
ECOLOGICAL SIGNIFICANCE OF CHANGA MANGA: ONE
OF THE WORLD'S OLDEST HAND-PLANTED FORESTS
IN PAKISTAN.

Igbal, T., & Altaf, S. (2025). Therapeutic potentials of
marine-derived nutrients: Exploring the role of fish
eggs and meat in disease prevention and health
promotion. Journal of Marine Studies, 2204.

Igbal, T, Altaf, S, & Ahmed, N. (n.d.). P] PALGO
JOURNAL OF AGRICULTURE.

Igbal, T., Fatima, M., & Altaf, S. (n.d.). Role of Platelet
Membrane Coated Nanoparticles to Treat Rheumatoid
Arthritis.

Igbal, T, Javeria, A. Y., Altaf, S., & Naeem, S. A. (n.d.).
Innovative Approaches in Rheumatoid Arthritis:
Utilizing Plants to Inhibit TNF-Alpha Production.

Igbal, T, Salma, U., Ahmed, N., Ahmad, A., & Altaf, S.
(n.d.). ENHANCING FOOD SECURITY AND EXPORTS:
THE ROLE OF SHRIMP FARMING IN PAKISTAN
AQUACULTURE REVOLUTION.

Igbal, T, Salma, U., Umair, M., Igbal, H., Khalid, T., &
Hyder, S. (2024). Utilizing Medicinal Plants for Disease
Treatment in Aquaculture: An Approach to Improve
Fish Health: Medicinal Plants in Aquaculture.
MARKHOR (The Journal of Zoology), 3-10.

Igbal, T, Yousaf, F., Irfan, A., Kaynat, W.,, Yasin, M., &
Altaf, S. (n.d.). Anti-Inflammatory Properties of Lychee
(Litchi Chinensis Sonn.) Seed Extracts: A Novel
Therapeutic Approach for Rheumatoid Arthritis.
Medicinal Plants and Aromatics: A Holistic Health
Perspective, 1.

Kapoor, B. Kapoor, D. Gautam, S. Singh, R, &
Bhardwaj, S. (2021). Dietary polyunsaturated fatty
acids (PUFAs): Uses and potential health benefits.
Current Nutrition Reports, 10(3): 232-242.

Kciuk, M. Garg, A, Rohilla, M., Chaudhary, R,
Dhankhar, S., Dhiman, S., Bansal, S., Saini, M., Singh, T.
G.,, & Chauhan, S. (2024). Therapeutic Potential of
Plant-Derived Compounds and Plant Extracts in
Rheumatoid  Arthritis—Comprehensive  Review.
Antioxidants, 13(7): 775.

Khadim, R. M., & Al-Fartusie, F. S. (2021). Antioxidant
vitamins and their effect on immune system. Journal of
Physics: Conference Series, 1853(1): 12065.

Khurana, S., & Singh, R. (2020). Sunflower (Helianthus
annuus) seed. In Oilseeds: health attributes and food

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

applications (123-143). Springer.

Kumar, J., Rani, K, & Datt, C. (2020). Molecular link
between dietary fibre, gut microbiota and health.
Molecular Biology Reports, 47(8): 6229-6237.

Liew, C. X.-Q., Le, C.-F,, Ling, S.-K,, Chow, S.-C., Chan, L.
L., Ong, K. C., & Fang, C.-M. (2025). Inmunomodulatory
Effects of Phytosterols and Glycosides Derived from
Clinacanthus nutans in C57BL/6 Mice. Progress In
Microbes & Molecular Biology, 8(1).

Lim, H. C, Lee, S. K, Keng, ]. W, Lee, E. Q.,, Tan, E. S. S,
Liew, K. Bin, Mai, C. W,, Lee, S. K,, Chen, L., & Low, M. L.
(2025). Mechanistic insights and clinical evidence of
Helianthus annuus Linn.(Sunflower) seed oil for
dermatological applications: A narrative review. Drug
Delivery and Translational Research, 1-17.
Maheshwari, S., Kumar, V., Bhadauria, G., & Mishra, A.
(2022). Immunomodulatory potential of
phytochemicals and other bioactive compounds of
fruits: A review. Food Frontiers, 3(2): 221-238.
Mazzocchi, A., De Cosmi, V., Risé, P. Milani, G. P,
Turolo, S., Syrén, M.-L., Sala, A., & Agostoni, C. (2021).
Bioactive compounds in edible oils and their role in
oxidative stress and inflammation. Frontiers in
Physiology, 12: 659551.

Munteanu, C., & Schwartz, B. (2022). The relationship
between nutrition and the immune system. Frontiers
in Nutrition, 9, 1082500.

Mushtaq, H., Zahid, H., Ahmad, D., Sattar, A., & Igbal, T.
(n.d.). Efficacy of Homeopathic Therapy in Arthritis
Treatment.

Mustonen, A.-M., & Nieminen, P. (2021). Fatty acids
and oxylipins in osteoarthritis and rheumatoid
arthritis—A complex field with significant potential
for future treatments. Current Rheumatology Reports,
23(6): 41.

Poudel, P., Petropoulos, S. A, & Di Gioia, F. (2023).
Plant tocopherols and phytosterols and their bioactive
properties. In Natural Secondary Metabolites: From

Nature, Through Science, to Industry (285-319).
Springer.
Prasad, P., Verma, S. Surbhi, Ganguly, N. K,

Chaturvedi, V., & Mittal, S. A. (2023). Rheumatoid
arthritis: advances in treatment strategies. Molecular
and Cellular Biochemistry, 478(1): 69-88.

Rafeeq, H., Ahmad, S., Tareen, M. B. K,, Shahzad, K. A,
Bashir, A., Jabeen, R, & Shehzadi, [. (2020).
Biochemistry of fat soluble vitamins, sources,
biochemical functions and toxicity. Haya: The Saudi
Journal of Life Sciences, 5(6): 188-196.

Saleh, H. A, Yousef, M. H., & Abdelnaser, A. (2021). The
anti-inflammatory properties of phytochemicals and
their effects on epigenetic mechanisms involved in
TLR4/NF-kB-mediated inflammation. Frontiers in
Immunology, 12: 606069.

Saqib, M., Igbal, K. ], Khan, S., Gulnaz, R, Igbal, T,
Mankga, L. T., & Fatima, K. (2023). Immune boosters to
combat zoonotic viral diseases. Zoonosis, Unique
Scientific Publishers, Faisalabad, Pakistan, 3: 344-358.
Satapathy, T., Minj, A., & Verma, M. (2025). Impact of

Copyright@: Igbal et al. | World Journal of Pharmaceutical and Healthcare Research.

21



WJPHR, Volume 3, Issue 3, 2026.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

NSAIDs corticosteroids DMARDs biologics and their
comparisons with natural products in C-reactive
proteins (CRP) linked cardiovascular disorders.
Inflammopharmacology, 1-27.

Sharma, A, & Goel, A. (2023). Pathogenesis of
rheumatoid arthritis and its treatment with anti-
inflammatory natural products. Molecular Biology
Reports, 50(5): 4687-4706.

Sharma, D., Chaubey, P., & Suvarna, V. (2021). Role of
natural products in alleviation of rheumatoid
arthritis—A review. Journal of Food Biochemistry,
45(4): e13673.

Singh, N., Sherin, G. R, & Mugesh, G. (2023).
Antioxidant and Prooxidant Nanozymes: From Cellular
Redox Regulation to Next-Generation Therapeutics.
Angewandte Chemie, 135(33): e202301232.

Sokolova, M. V, Schett, G., & Steffen, U. (2022).
Autoantibodies in rheumatoid arthritis: historical
background and novel findings. Clinical Reviews in
Allergy & Immunology, 63(2): 138-151.

Souza, A. C. R,, Vasconcelos, A. R, Dias, D. D., & Komoni,
G. (2023). The integral role of magnesium in muscle
integrity and aging: a comprehensive review.
Nutrients, 15(24): 5127.

Szymarnska, R., Nowicka, B., Trela, A., & Kruk, . (2020).
Vitamin E: Structure and forms. In Molecular nutrition
(67-90). Elsevier.

Tonolo, F., Coletta, S., Fiorese, F., Grinzato, A., Albanesi,
M., Folda, A. Ferro, S. De Mario, A. Piazza, I, &
Mammucari, C. (2024). Sunflower seed-derived
bioactive peptides show antioxidant and anti-
inflammatory activity: From in silico simulation to the
animal model. Food Chemistry, 439: 138124.
Venetsanopoulou, A. I, Voulgari, P. V, & Drosos, A. A.
(2024). Advances in non-biological drugs for the
treatment of rheumatoid arthritis. Expert Opinion on
Pharmacotherapy, 25(1): 45-53.

Wang, X, Fan, D., Cao, X, Ye, Q., Wang, Q., Zhang, M., &
Xiao, C. (2022). The role of reactive oxygen species in
the  rheumatoid  arthritis-associated  synovial
microenvironment. Antioxidants, 11(6): 1153.
Winiarska-Mieczan, A. Kwiecienn, M., Jachimowicz-
Rogowska, K. Donaldson, ], Tomaszewska, E. &
Baranowska-Wdjcik, E. (2023). Anti-inflammatory,
antioxidant, and neuroprotective effects of
polyphenols—polyphenols as an element of diet
therapy in depressive disorders. International Journal
of Molecular Sciences, 24(3): 2258.

Zamudio-Cuevas, Y. Martinez-Flores, K. Martinez-
Nava, G. A., Clavijo-Cornejo, D., Fernandez-Torres, J., &
Sanchez-Sanchez, R. (2022). Rheumatoid arthritis and
oxidative stress. Cellular and Molecular Biology, 68(6):
174-184.

Copyright@: Igbal et al. | World Journal of Pharmaceutical and Healthcare Research.

22



