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Abstract 
Okra (Abelmoschus esculentus L.) contains multiple bioactive constituents with antioxidant, anti-inflammatory and 
immunomodulatory properties. Okra seed oil has attracted interest because it is rich in unsaturated fatty acids, tocopherols and 
phenolic compounds. These constituents provide a plausible basis for effects on oxidative and inflammatory pathways that interact 
with immune function. Direct evidence for immunomodulation by the seed oil itself, however, remains limited. Most mechanistic 
evidence comes from studies of okra polysaccharides and other okra preparations, which have demonstrated effects on macrophage 
activity, cytokine production and NF-κB/MAPK-related signalling. This narrative review evaluates the composition of okra seed oil, 
the broader immune-related evidence for A. esculentus, and the extent to which these findings can reasonably be extrapolated to the 
oil. Current evidence supports okra seed oil as a promising candidate for targeted immunological investigation, but does not yet 
establish it as a clinically proven immune-enhancing intervention. 
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INTRODUCTION 
Immune homeostasis depends on coordinated 
interactions among innate and adaptive immune 
cells, cytokines, redox signalling and metabolic 
pathways. Oxidative stress and persistent 
inflammatory signalling can disturb this balance, 
creating interest in dietary bioactive compounds 
that may regulate rather than simply stimulate 
immune responses. 
 
Okra (Abelmoschus esculentus L.) is a food plant 
containing polysaccharides, phenolic compounds 
and other biologically active constituents. A 
systematic review of 26 preclinical studies 
reported an overall downward trend in 
inflammatory mediators including CRP, IL-1β, IL-
6 and TNF-α after treatment with okra 
preparations, while emphasizing that human 
evidence was absent in the included literature [3]. 
More recent clinical synthesis has begun to report 
effects of okra supplementation on systemic 
inflammation in metabolic disease, but these data 

concern okra supplementation broadly rather 
than isolated seed oil [4]. 
 
The seed oil deserves separate consideration. Guo 
et al. characterized okra seed oil as containing 
65.22% unsaturated fatty acids, predominantly 
linoleic acid (43%) and oleic acid (20.16%), 
together with phenolic compounds and 
tocopherols; the oil also showed antioxidant 
activity [1]. Independent recent compositional 
work similarly identified linoleic and oleic acids as 
major unsaturated fatty acids and documented 
tocopherols, sterols and antioxidant capacity [2]. 
These findings provide biological plausibility for 
immune-related effects, but compositional 
plausibility should not be confused with direct 
immunological efficacy. 
 
Bioactive Composition of Okra Seed Oil 
The biological potential of okra seed oil is closely 
related to its lipid and antioxidant composition. 
Guo et al. identified 12 fatty acids and reported 
that unsaturated fatty acids constituted 
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approximately two-thirds of the total fatty-acid 
fraction. The oil also contained total phenolics and 
substantial tocopherol concentrations, and its 
hydroxyl-radical and ABTS-radical scavenging 
activities correlated with phenolic and tocopherol 
content [1]. 
 
A 2025 study of okra seed oils extracted using 
different solvents also demonstrated substantial 
linoleic and oleic acid fractions, together with 
tocopherols and sterols and measurable DPPH 
antioxidant activity [2]. Variation across 
extraction methods and plant material is 
important: it implies that “okra seed oil” should 
not automatically be treated as a chemically 
identical intervention across studies. Future 
immune studies should therefore characterize 
each experimental oil batch before biological 
testing. 
 
Oxidative Stress as a Link to Immune 
Regulation 
Reactive oxygen species are not inherently 
harmful; immune cells use controlled redox 
signals during activation and host defence. 
Excessive or persistent oxidative stress, however, 
can damage cellular components and sustain 
inflammatory signalling. The antioxidant activity 
demonstrated for okra seed oil therefore provides 
one plausible route through which the oil could 
influence immune homeostasis [1,2]. 
This remains an indirect argument. Radical-
scavenging activity measured in chemical assays 
does not establish that oral administration of the 
oil alters macrophage function, lymphocyte 
responses or cytokine networks in vivo. A rigorous 
review must therefore separate antioxidant 
evidence for the oil from direct 
immunomodulatory evidence for other okra 
fractions. 
 
Evidence for Immunomodulatory Activity of 
Okra 
The strongest direct immunological evidence for 
A. esculentus currently comes from 
polysaccharide studies rather than seed-oil 
studies. Okra polysaccharides have been shown to 
increase RAW264.7 macrophage proliferation, 
nitric oxide production, iNOS expression and 
secretion of TNF-α, IFN-γ and IL-10. In vivo, a 

purified polysaccharide fraction also increased 
spleen index, splenocyte proliferation and 
cytokine secretion, supporting genuine 
immunomodulatory activity [5]. 
 
A flower-derived okra polysaccharide likewise 
enhanced macrophage phagocytic activity and 
increased nitric oxide, TNF-α and IL-1β secretion, 
with evidence implicating nuclear NF-κB 
signalling [6]. These studies demonstrate that 
okra contains compounds capable of interacting 
directly with immune-cell pathways. They do not, 
however, demonstrate that the lipid fraction 
produces the same effects. 
 
Macrophages, Cytokines and Inflammatory 
Balance 
Macrophages occupy a central position in innate 
immunity and inflammatory regulation. The 
available okra polysaccharide evidence indicates 
that okra-derived macromolecules can influence 
macrophage proliferation, phagocytosis, nitric 
oxide generation and cytokine release [5,6]. This 
is better described as immunomodulation than 
simple “immune boosting,” because increased 
immune activity is not universally beneficial. 
 
The systematic review by Mahdavi et al. adds an 
apparently complementary observation: across 
preclinical models, okra treatment more often 
reduced CRP, IL-1β, IL-6 and TNF-α than increased 
them [3]. The difference is biologically plausible 
because experimental context, disease state, okra 
fraction, dose and timing can shift the direction of 
immune responses. Thus, okra may contain 
components capable of stimulating particular 
immune functions under some conditions while 
attenuating excessive inflammatory signalling 
under others. 
 
Potential Signalling Mechanisms 
NF-κB and MAPK pathways are major regulators 
of inflammatory and immune gene expression. 
Okra polysaccharide research provides evidence 
that NF-κB-related signalling participates in 
macrophage activation [6]. Related work on okra 
polysaccharides has also reported immune 
responses involving cytokine production and 
innate immune-cell activity [5,7,8,9]. 
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For seed oil, a direct NF-κB or MAPK mechanism 
remains a hypothesis rather than an established 
finding. Its phenolic and tocopherol content could 
plausibly alter redox-sensitive signalling, while its 
fatty-acid profile may influence membrane 
composition and lipid-mediated signalling. Direct 
experiments measuring phosphorylation, nuclear 
translocation or pathway-specific gene expression 
after okra seed oil treatment are needed before 
these mechanisms can be attributed to the oil. 
 
Unsaturated Fatty Acids and the Immune 
Hypothesis 
Linoleic and oleic acids are the predominant 
unsaturated fatty acids identified in okra seed oil 
[1,2]. Fatty acids can influence membrane 
architecture, energy metabolism and the 
generation of lipid mediators. Consequently, the 
lipid composition of okra seed oil is relevant to its 
potential biological activity. 
 
Nevertheless, the immunological effect of a 
complete botanical oil cannot be inferred from a 
single fatty acid. The final response may reflect 
interactions among fatty acids, tocopherols, 
phenolics, sterols and minor constituents. Studies 
comparing whole okra seed oil with isolated lipid 
fractions would help identify which components 
drive any observed immune effect. 
 
Anti-inflammatory Evidence and Human 
Relevance 
The 2022 systematic review found that the 
majority direction of preclinical evidence favored 
lower inflammatory markers after okra treatment, 
but explicitly noted the absence of human 
research in its included literature [3]. This 
limitation is important when making claims about 
immunity. 
 
A newer 2026 meta-analysis of ten studies in 
individuals with prediabetes, type 2 diabetes or 
diabetic nephropathy reported a reduction in CRP 
with okra supplementation [4]. This is clinically 
interesting, but it should not be interpreted as 
direct evidence that okra seed oil improves 
immune competence. The intervention forms 
were not equivalent to isolated seed oil, and CRP 
is an inflammatory biomarker rather than a 
comprehensive measure of immune function. 

Can Okra Seed Oil Be Called an Immune 
Booster? 
At present, the term “immune booster” is not 
justified for okra seed oil. Three levels of evidence 
should be distinguished. First, direct 
compositional studies show that the oil contains 
unsaturated fatty acids, tocopherols and phenolics 
and has antioxidant activity [1,2]. Second, broader 
okra literature demonstrates anti-inflammatory 
effects and immunomodulatory actions of non-oil 
fractions, particularly polysaccharides [3,5,6]. 
Third, direct controlled studies specifically testing 
isolated okra seed oil against validated immune 
outcomes remain insufficient. 
 
Accordingly, “potential immunomodulatory oil” or 
“candidate functional oil for immune-related 
investigation” is a more defensible description. 
This terminology preserves the promising 
biological rationale without overstating the 
current evidence. 
 
Research Gaps and Future Directions 
The principal research gap is the lack of direct 
immune-focused studies of chemically 
characterized okra seed oil. Future work should 
evaluate dose-response relationships in 
appropriate in vitro and in vivo models and 
include both pro-inflammatory and regulatory 
endpoints. 
 
Useful outcomes would include macrophage 
phagocytosis, lymphocyte proliferation and 
phenotyping, serum and tissue IL-1β, IL-6, TNF-α, 
IL-10 and IFN-γ, oxidative-stress indices, 
immunoglobulins where relevant, and direct 
assessment of NF-κB/MAPK-related signalling. 
Experimental designs should include an 
appropriate vehicle control and, where possible, a 
recognized positive control. Oil extraction 
method, fatty-acid profile, tocopherol content and 
phenolic content should be reported for each 
batch. 
 
Human research should follow only after safety, 
pharmacological relevance and reproducibility 
are established. Clinical trials would need clearly 
defined immune or inflammatory endpoints 
rather than vague claims of “immunity 
improvement.” 
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CONCLUSION 
Okra seed oil is a chemically interesting edible oil 
rich in unsaturated fatty acids and antioxidant 
constituents. Direct studies demonstrate 
antioxidant potential, while the wider A. 
esculentus literature provides substantial 
preclinical evidence of anti-inflammatory and 
immunomodulatory activity, particularly for 
polysaccharides. These evidence streams are 
complementary but not interchangeable. 
 
The current literature therefore supports a strong 
rationale for studying okra seed oil in immune-
related models, but does not yet prove that the oil 
enhances human immunity. Future work should 
directly test standardized okra seed oil against 
validated cellular, molecular and clinical immune 
outcomes. Until such evidence is available, claims 
should emphasize potential immunomodulation 
and anti-inflammatory activity rather than 
immune enhancement. 
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