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Natural Compound Apigenin Ameliorates
Skin Inflammation
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Abstract

The skin functions as the primary protective barrier, mitigating oxidative stress induced by ultraviolet radiation
and other components from the environment. It blocks viruses, allergens, and other harmful agents from entering
the body. An excessive immune response to these substances can lead to severe skin conditions such as dermatitis,
vitiligo, and cancer. The flavonoid family includes kempferol, luteolin, quercetin, and apigenin. Due to its
numerous biological effects, apigenin has been used as a dietary supplement. Studies have demonstrated that it
alleviates skin inflammation by suppressing key inflammatory markers and molecular pathways. In this review, we
discuss the current understanding of skin inflammation and how apigenin formulation reduces skin inflammation.
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INTRODUCTION

pigenin is a plant-based flavonoid
Acompound and chemically identified as

5, 7, 4’-trihydroxyflavone.!"! Chronic
diseases such as cancer, stroke, diabetes,
Alzheimer’s, and mental health disorders are
major global health burdens. Regularexercise and
a healthy diet can help prevent and manage these
conditions.” A diet rich in fruits and vegetables,
which are sources of naturally occurring
bioactive chemicals with pro-health qualities,
has received special attention. Flavonoids, the
largest recurring polyphenol, exhibit a broader
range of biological actions, both in vifro and
invivo, in avariety of mammalian systems. These
substances have antiviral, anti-inflammatory,
and anti-mutagenic properties and function as
antioxidants and free-radical scavengers. In
the literature, the Artemisia family of plants
has been reported as the prime source of the
apigenin compound.-! It has been revealed that
apigenin has a wide biological applications, such
as anti-inflammatory, antidiabetic, anticancer,
and antiapoptotic.l) In this review, we focus on
the recited functional properties of apigenin and
its biological potential in skin inflammation.!”
Figure 1 depicts the structure of apigenin.

The epidermis, dermis, and hypodermis
are among the layers of the skin that can be
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separated based on their primary roles.!® The skin’s outermost
layer, acknowledged as the epidermis, acts as a barrier to
keep outside stimuli from disturbing the skin.®'! In addition,
it serves as a defense mechanism to maintain immunological
homeostasis in the face of several pathogens, including
viruses, bacteria, and antigens.[') Keratinocytes make up the
mainstream of the epidermis, along with a small number of
Merkel cells, melanocytes, and Langerhans cells (LCs).['?!

LCs, a type of dendritic cell (DC), present antigens for the
innate immune response. Upon ultraviolet (UV) exposure,
keratinocytes show reduced E-cadherin expression,
activating LCs. LCs migrate to the lymph nodes, promoting
the development of regulatory T cells.'***! Idoyaga et al.l'
suggest that immunomodulatory treatments can target
cutaneous DCs. The skin microbiota helps maintain the
epidermis’ acidity, protecting against external infections.!¢!8!
Skin microbiota maintain immune homeostasis by forming
a balanced community. Disruption of this balance can lead
to disorders such as vitiligo, psoriasis, acne, pruritus, and
skin cancer.!'"12 Traditional treatments mainly use steroidal
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Figure 1: Structure of Apigenin

and non-steroidal drugs to reduce inflammation./?!->
However, research into natural molecules to replace chemical
medications has increased due to the negative consequences
of anti-inflammatory pharmaceuticals.*!

MECHANISM OF ACTION OF APIGENIN IN
THE TREATMENT OF SKIN DISEASE

Skin diseases are complex responses to various external
and internal stimuli, which include contact dermatitis,
atopic dermatitis (eczema), psoriasis, acne, urticaria, lichen
planus, hidradenitis suppurativa, alopecia areata, and vitiligo.
Apigenin, a flavonoid found in various plants, exhibits
significant therapeutic potential in treating skin diseases
involving a range of immune cells, cytokines, and signaling
pathways through multiple mechanisms, primarily by
reducing inflammation, modulating immune responses, and
protecting against UV-induced damage.!”

Several mechanisms of apigenin in skin diseases are depicted
as follows:

Anti-inflammatory effect

Apigenin has potent anti-inflammatory properties. Apigenin
downregulates various inflammatory markers and molecular
targets, including cytokines such as interleukin (IL)-6, IL-1§3,
tumor necrosis factor-alpha (TNF-c), and cyclooxygenase-2
(COX-2), which are involved in skin inflammation and
allergic responses. Apigenin inhibits the phosphorylation
of mitogen-activated protein kinase signal molecules
(extracellular signal-regulated kinase, Jun N-terminal kinase)
and nuclear factor kappa B (NF-Kb), which are critical
pathways in the inflammatory response. Further, it modulates
IL-31, a cytokine implicated in inflammatory diseases and
itch in atopic dermatitis, by inhibiting its messenger RNA
and protein expression in mast cells.?*®! Figure 2 depicts the
Apigenin pathway in ameliorating skin inflammation.
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Immune modulation

Apigenin can modulate both innate and adaptive immune
responses, which is particularly useful in treating autoimmune
or hypersensitivity-driven skin conditions. Apigenin has
been shown to inhibit histamine release, which is crucial in
allergic reactions. Apigenin promotes the expression of skin
barrier proteins such as filaggrin, loricrin, and antimicrobial
peptides (LL-37, human beta-defensin [HBD]-1, HBD-2, and
HBD-3), enhancing both physical and chemical barriers of
the skin.-3%

Antioxidant effects

Apigenin exhibits antioxidant activity by scavenging reactive
oxygenspecies (ROS),reducing oxidative damagetoskincells,
and thereby protecting against skin aging and inflammatory
damage. Apigenin enhances the skin’s antioxidative capacity
by increasing levels of endogenous antioxidant enzymes
such as superoxide dismutase, glutathione peroxidase, and
catalase. These enzymes help neutralize ROS and mitigate
the cellular damage they cause, offering protection against
oxidative stress that accelerates skin aging and exacerbates
inflammatory conditions. Furthermore, it reduced oxidative
stress markers such as malondialdehyde. Further, it activates
the Nrf2 pathway, which is vital for antioxidant defense, and
suppresses NF-kB, a key regulator of inflammation. 303!

Inhibition of skin aging

Skin aging refers to the premature aging of the skin due to
prolonged UV exposure. Apigenin, with its anti-inflammatory
and antioxidant properties, reduces signs of skin aging by
decreasing the expression of matrix metalloproteinase-1
(MMP-1), a collagenase that degrades the skin matrix,
thereby improving skin elasticity and reducing wrinkles.

Anti-cancer properties

Apigenin’s role as a chemopreventive agent can be beneficial
in preventing or controlling the development of skin cancers,
particularly in individuals with a history of chronic sun
exposure. Apigenin inhibits UVB-induced skin carcinogenesis
by promoting the expression of antiangiogenic proteins such
as thrombospondin-1 and targeting Src kinase.[3334

Skin rejuvenation

Apigenin can stimulate the production of collagen, a key
structural protein involved in skin repair. By increasing
collagen synthesis, apigenin can support the regeneration of
healthy skin tissue after injury or inflammation.?*!




Cell cycle regulation

Apigenin induces G2/M arrest in keratinocytes by inhibiting
the kinase activity of p34cdc2, a cyclin-dependent kinase
crucial for cell cycle progression, and reducing cyclin
B1 levels, which are essential for the G2/M transition.B!
Apigenin also affects other phases of the cell cycle, such
as GO/G1 arrest, by modulating cyclin D1 and E levels
and inhibiting CDKI1 activity, further contributing to its
antiproliferative effects.’”

APIGENIN IN VARIOUS FORMULATIONS

Apigenin has been explored in various formulations for
treating skin diseases due to its anti-carcinogenic, anti-
inflammatory, and antioxidant properties. Here are some
notable formulations and their potential benefits:

Nanoparticles

Apigenin  encapsulated in poly (lactic-co-glycolide)
nanoparticles showed enhanced cellular entry, DNA targeting,
and induced apoptosis in melanoma cells. This formulation also
preserved apigenin from UV-light-mediated photodegradation,
making it a potent option for skin melanoma treatment.*]

Nanocrystals

These nanocrystals, which were prepared using bead milling and
high-pressure homogenization, exhibited enhanced antioxidant

capacity and could be easily incorporated into gels for dermal
application, providing efficient UV skin protection.”!

Carbopol-based nano emulsion gel

This formulation uses tamarind gum emulsifiers and shows
high drug content, good physical stability, and enhanced skin
penetration. It demonstrated significant cytotoxicity against
melanoma cells while being less toxic to normal skin cells,
suggesting its potential for treating skin cancer. "’

Topical cream

This cream formulation was shown to increase dermal
density and elasticity, reduce fine wrinkles, and improve
skin moisture and texture. It also decreased the expression of
MMP-1, which is associated with skin aging.

Ointment

In this ointment, apigenin combines with the phage lysin
LysGH15, showing bactericidal activity against methicillin-
resistant Staphylococcus aureus (MRSA) and reducing pro-
inflammatory cytokines. It also accelerated wound healing in
MRSA-infected skin wounds.™ !

Ethosome formulation

Apigenin-loaded ethosomes, which comprise phospholipids
and short-chain alcohols, showed superior skin targeting
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Figure 2: Apigenin pathway in ameliorating skin inflammation
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and improved skin deposition both in vitro and in vivo. This
formulation effectively reduced cyclooxygenase-2 levels in
UVB-induced skin inflammation, indicating its promise for
treating UVB-induced skin conditions.[*

Apigenin clinical efficacy

Most of the clinical evidence for apigenin is early-stage,
with only a handful of human trials published or in progress
showing good safety and low toxicity, but conclusive efficacy
in large, well-controlled trials is lacking. The few available
clinical trials mainly supported the potential protective
effects of apigenin (or extracts rich in apigenin) on insomnia,
anxiety disorders and depression, knee osteoarthritis, and
Alzheimer’s disease. 344!

In clinical studies involving an apigenin-containing cream,
participants showed improvements in dermal density,
elasticity, and a reduction in fine wrinkles after consistent
application over 4 weeks. The cream also enhanced skin
moisture levels and reduced transepidermal water loss,
indicating improved barrier function.”

In another study, apigenin’s therapeutic potential is
underscored by human clinical studies using chamomile
extract, which contains apigenin as an active ingredient.
Collectively, chamomile extract has been reported to alleviate
anxiety, improve mood, and relieve pain.[*]

Apigenin is considered safe and promising based on
pre-clinical and emerging pilot clinical data, but more
comprehensive human trials are needed to confirm its
therapeutic efficacy and clarify optimal dosing and indications
for clinical use.

Limitations of the study

The primary limitation of this review is the insufficient
availability of robust human clinical research data on
apigenin. This gap restricts the direct translation of the
promising in vitro and animal-based findings to human
health applications. Clinical evidence remains limited
and scattered, particularly regarding apigenin’s effects on
cancer, inflammatory disorders, and cognitive function.
Consequently, most current understanding is still derived
from pre-clinical models.

In addition, apigenin’s inherent physicochemical and
pharmacokinetic challenges—such as low water solubility,
rapid metabolism, and poor oral bioavailability—pose
significant barriers to both its therapeutic utilization and an
accurate assessment of its in vivo efficacy. These limitations
further complicate the establishment of optimal dosage
regimens and clarity on structure-function relationships
relevant to human use.
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To overcome these constraints, future research should
prioritize well-designed clinical trials, improved formulation
and delivery strategies, and comprehensive long-term safety
evaluations.

CONCLUSION

Apigenin has demonstrated anti-inflammatory effects by
reducing levels of cytokines such as IL-1f, IL-6, TNF-a,
and COX-2, potentially making it a promising treatment for
inflammatory skin conditions. Given the adverse effects of
synthetic drugs, natural compounds such as apigenin are being
actively studied. It has been applied to damaged skin or cells
in previous research to alleviate inflammation. In addition,
apigenin, often derived from chamomile, is available in
supplements for promoting skin health and reducing stress.
Overall, apigenin shows potential both as a therapeutic agent
and a health supplement for skin-related conditions.
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