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Apium graveolens has become a promising phytotherapeutic agent with multiple
pharmacological applications; but its immunomodulatory effects have not been well studied
in a mechanistic approach. This is a thorough and integrative review of the
immunomodulatory properties of Apium graveolens, focusing on its bioactive compounds,
molecular targets, and translational significance. Apigenin, luteolin, and phthalides are the
important phytochemicals that have pleiotropic actions because they regulate the key
immune pathways, nuclear factor-kappa B (NF-KB) signaling, cytokine interactions, and
oxidative stress-mediated immune responses. All of these compounds affect the innate and
adaptive immunity by modulating the macrophage activation, T-cell responses, and the
inflammatory mediators. Notably, this review suggests a single mechanistic model whereby
Apium graveolens acts as a multitarget immunomodulator by integrating the NF- kBcytokine
axis with the oxidative stress-immune interface. Although there is strong preclinical evidence,
there are still important gaps in clinical confirmation, dose standardisation and immune
specific studies. This paper demonstrates the promise of Apium graveolens as a new
candidate to develop into immunotherapeutics and emphasizes the necessity of sophisticated
experimental and clinical research to transform its pharmacological potential into clinical use.
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of action [3, 4]. Natural products have been demonstrated
to affect immune response, through regulation of cytokine
production, oxidative stress pathways, and cellular
signaling pathways [5].

Celery is a commercially significant seed spice that is a
member of the family Umbelliferrae. Celery is consumed in
different forms which include fresh herb, stalk, seeds, oil
and oleoresin as food flavors as well as medicinal products
[6]. The celery seed has 2% volatile oil that is used in the
perfumery industry as well as in flavoring of foods.
Approximately 60% and 20% of the oil consists of
limonene and selinene, respectively [7]. Nonetheless, 3-n-
butyl-4-5-dihydrophthalide  (sedanenolide), 3-n-butyl
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Introduction

The immune system has also been developed to safeguard
the host against a universe of pathogenic microbes who in
turn are continually evolving [1]. The immune system, also
assists the host in getting rid of toxic or allergic
substances, which are introduced into the body via
mucosal surfaces. At the center of the processes of

mobilizing an immune response to an invading pathogen,
toxin or allergen is the capacity of the immune system to
differentiate self and nonself. Both innate and adaptive
systems allow the host to detect and get rid of pathogenic
microbes and both of them involve self-nonself
discrimination [2]. Plant-derived immunomodulators
have received growing interest over recent years because
they are safe, readily available, and have a complex mode

phthalide, sedanolide, and sedanonic anhydride are the
key aroma compounds of the oil that are in very low
concentrations (1 3%). Celery has 15 percent fatty oil
which includes the fatty acids: petroselenic (64.3%), oleic
(8.1), linoleic (18.0) and palmitic acids (0.6). Phthalides,
particularly sedanenaloide have numerous health
advantages [8].

This review is the first to offer an integrated
immunological framework of Apium graveolens: it
presents the multitarget immunomodulatory mechanisms
of this plant in contrast to prior reviews, which have
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concentrated on antioxidant and anti-inflammatory
effects.

Chemical constituents: The major phytochemical assay on
the seed extract of Apium graveolens reveals that
carbohydrates, flavonoids, alkaloids, steroids and
glycosides are present in the methanolic extract [9]. The
plant contained furocoumarins and phenols. Celerin,
bergapten, apiumoside, apiumetin, apigravrin, osthenol,
isopimpinellin, isoimperatorin, celereoside, 5 and 8-
hydroxy methoxypsoralen were found in furocoumarins.
Phenols (155.41-177.23mg/100g) included graveobioside
A and B, apiin, apigenin, isoquercitrin, tannins (3.89-4.39
mg /100g) and phytic acid (19.85-22.05mg/g) [10, 11].
Apigenin is a naturally occurring flavonoid that is very
abundant in Apium graveolens and is a key
immunomodulator because of its multimodal action on
important cellular and molecular pathways [12]. It has
been extensively documented to suppress activation of
nuclear factor-kappa B (NF-kB) signaling pathway, which
inhibits the transcription of pro-inflammatory cytokines
tumor necrosis factor-alpha (TNF- 7), interleukin-6 (IL-6)
and interleukin-1 (IL-1f) [13].

Besides the regulation of cytokines, apigenin also
regulates immune cell functions by affecting the
macrophage activation and T-cells responses, and this
plays a role in maintaining immune homeostasis [14].
Pharmacological potential:Celery extracts are known to
have numerous nutraceutical properties, viz., antioxidant,
hypolipidemic, hypoglycemic and anti-platelet aggregation
[15].These pharmacological actions are highly ascribed to
its bioactive components namely flavonoids like apigenin
and luteolin, phenolic acids, volatile oils which are known
to be able to exert biological action by various molecular
targets. Interestingly, most of these compounds also play a
role in controlling immune reactions. As an example,
flavonoids were reported to inhibit pro-inflammatory
cytokines, prevent the activity of major transcription
factors like NF- KB, and regulate the activity of immune
cells [16]. Although these encouraging results have been
reported, the immunomodulatory power of Apium
graveolens has not been actively pursued and most of the
existing researches concentrate more on the anti-
inflammatory or antioxidant properties than direct
immune regulation [17].

Considering the strong interconnectedness between
oxidative stress, inflammation and immune activity, it is
reasonable to assume that Apium graveolens can have
substantial immunomodulatory effects via concerted
molecular mechanisms. Hence, a thorough analysis of its
contribution to immune modulation is justified. The
current review will fill this gap by critically examining the
existing evidence on phytochemistry; mechanisms, and
therapeutic relevance of Apium graveolens in relation to
immunomodulation. The review offers a mechanistic and
translational viewpoint in order to bring to the fore the
promise of celery as a new candidate in terms of immune-
based therapeutic approaches.

Molecular Processes of Apium graveolens.

These immunomodulatory effects of Apium graveolens are
facilitated by a complex interaction of molecular signaling
pathways that ensure immune homeostasis. One of the
main mechanisms is NF-kappaBsignaling, as bioactive
compounds such as apigenin and luteolin inhibit the NF-
kappaB activation [18]. Celery extracts are effective in the
down-regulation of pro-inflammatory genes 12 by
inhibiting the process of NF-kB translocation into the
nucleus. This results in the direct effect of Cytokine
regulation whereby there is a high decrease in production
of pro-inflammatory cytokines like TNF-alpha, IL-1beta
and IL-6 and at the same time an increase in the
production of anti-inflammatory mediators [19, 20].
Moreover, the herb balances the Oxidative stress-immune
axis by countering the reactive oxygen species (ROS) and
activating the endogenous antioxidant enzymes such as
superoxide dismutase (SOD) and catalase. This decrease in
oxidative stress inhibits the second activation of immune
cells that is normally a feature of a pro-oxidant
environment15. Lastly, A. graveolens affects Apoptosis
and immune balance through the regulation of Bcl-2/Bax
ratio. Under inflammatory conditions, it may cause
apoptosis of overactive immune cells or damaged tissues,
thus preventing chronic inflammation and selective
survival of functional immune cells [21].

MOLECULAR MECHANISMS OF IMMUNOMODULATION BY APIUM GRAVELOENS
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Fig.1 Mechanistic pathways of Apium graveolens for
immunomodulation
The medicinal activity of Apium graveolens is based on a
particular compound-target interaction guiding its
immunomodulatory  actions. The main bioactive
constituents like apigenin have a strong anti-inflammatory
effect by suppressing the NF-kappaBsignaling pathway,
which in turn suppresses the release of pro-inflammatory
cytokine like TNF-alpha [22]. Incorporated with this, the
production of IL-6 through the suppression of the
MAPK/JNK phosphorylation and the activation of AP-1
[23, 24], has been demonstrated to be reduced by luteolin
a flavone found in abundance in celery. Moreover, celery
has special phthalides and phenolic extracts, which have
played a vital antioxidant role in neutralizing reactive
oxygen species (ROS) and inducing endogenous
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antioxidant enzymes, thereby reducing the oxidative
stress, which often triggers immune dysregulation [25].
This combined molecular strategy enables A. graveolens to
stabilize the immune microenvironment as a multi-target
agent.

Conclusion

In conclusion, Apium graveolens represents a compelling
example of a multitarget phytotherapeutic agent with
significant immunomodulatory potential. The results
generalized in this review indicate that its biological action
cannot be associated to any single compound, but is a
resultant effect of a synergistic interaction between
flavonoids, especially apigenin and luteolin, and phthalide
derivatives, including 3-n-butylphthalide. The
combination of these bioactive constituents together
regulates important immunological responses, such as the
NF-KB pathway, cytokine generation, and the oxidative
stress response, restoring immune homeostasis. Notably,
this combined action sets APIum graveolens apart as
compared to traditional single-target agents and explains
its potential to treat complex immune-mediated diseases.
However, the existing evidence is still largely preclinical,
and lack of specific immunological investigations restricts
its translational use. The future research should thus aim
at confirming these mechanisms of action in clinically
relevant models to prove Apium graveolens as a
scientifically supported immunomodulatory agent.

Future Perspectives

Future studies on Apium graveolens ought to focus on the
translation of experimental findings to clinical relevance
through filling critical gaps in immunopharmacological
studies. Rigorous in vivo and clinical studies are essential
to validate its efficacy, safety, and therapeutic potential in
immune-related disorders. To ensure dose optimization
and reproducibility, standardization of plant extracts
(quantification of active components, i.e. apigenin, luteolin
and phthalides) is essential. More sophisticated omics-
based methods, such as transcriptomics, proteomics and
metabolomics, are required to clarify specific molecular
targets and processes, especially regarding T-cell
differentiation, macrophage polarization, and immune
memory development. Moreover, bioavailability could be
improved through the creation of new delivery systems
that could be used to target immunomodulation, including
nano formulations. Safe clinical integration will require
exploration of herb-drug interactions, and long-term
toxicity profiles. Also, newly discovered mechanisms like
the gut-immune axis and modulation of the microbiome
are promising future research possibilities. Together, the
methods will enable the creation of Apium graveolens-
based immunotherapeutics and its implementation into
evidence-based and personalized medicine.
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