Exploration of Foods and Foodomics " Open Exploration

L))

Open Access Review e

Pharmacological potential of apigenin: a dietary flavonoid with
emerging synergistic interactions in therapeutics

Arvind Kumar®®, Harpreet Singh?, Renu Verma?, Satendra Kumar?, Jatin Agarwal®, Pinki Kushwaha®,
Arun Kumar Mishra®, Shivani Chopra’, Hitesh Chopra®”

'School of Pharmaceutical Sciences, Faculty of Pharmacy, IFTM University, Moradabad 244102, Uttar Pradesh, India
’Raj Kumar Goel Institute of Technology (Pharmacy), Ghaziabad 201003, Uttar Pradesh, India

*SRM Modinagar College of Pharmacy, Faculty of Medicine & Health Sciences, SRM Institute of Science and Technology, NCR
Campus, Delhi-NCR Campus, Ghaziabad 2012024, Uttar Pradesh, India

‘Department of Pharmaceutics, Moradabad Educational Trust, Group of Institutions, Faculty of Pharmacy, Moradabad
244001, Uttar Pradesh, India

°Department of Pharmaceutical Chemistry, Moradabad Educational Trust, Group of Institutions, Faculty of Pharmacy,
Moradabad 244001, Uttar Pradesh, India

°S0OS School of Pharmacy, Faculty of Pharmacy, IFTM University, Moradabad 244102, Uttar Pradesh, India

"Department of Biosciences, Saveetha School of Engineering, Saveetha Institute of Medical and Technical Sciences, Chennai
602105, Tamil Nadu, India

®Centre for Research Impact & Outcome, Chitkara College of Pharmacy, Chitkara University, Rajpura 140401, Punjab, India

*Correspondence: Arvind Kumar, School of Pharmaceutical Sciences, Faculty of Pharmacy, IFTM University, Moradabad
244102, Uttar Pradesh, India. AKarvindsr01@gmail.com; Hitesh Chopra, Centre for Research Impact & Outcome, Chitkara
College of Pharmacy, Chitkara University, Rajpura 140401, Punjab, India. chopraontheride@gmail.com

Academic Editor: Cristina Garcia Viguera, CEBAS-CSIC, Spain

Received: March 4, 2026 Accepted: May 15, 2026 Published: July 2, 2026

Cite this article: Kumar A, Singh H, Verma R, Kumar S, Agarwal ], Kushwaha P, et al. Pharmacological potential of apigenin: a
dietary flavonoid with emerging synergistic interactions in therapeutics. Explor Foods Foodomics. 2026;4:1010174. https://
doi.org/10.37349/eff.2026.1010174

Abstract

Apigenin, a dietary flavonoid that occurs naturally in parsley, chamomile, and a variety of other plant foods,
has attracted increasing scientific interest for its broad spectrum of pharmacological effects, such as
antioxidant, anti-inflammatory, anticancer, antimicrobial, neuroprotective, and cardioprotective activities.
Being structurally related to quercetin, apigenin exhibits significant therapeutic potential; however, its
clinical application is limited by poor aqueous solubility and low bioavailability. Recent studies have
investigated the synergistic ability of apigenin when it is used in combination with a variety of small-
molecule agents to overcome these challenges and improve therapeutic efficacy. Such combinations have
been shown to be effective in the management of cancer, neurodegenerative disorders, and metabolic
syndromes through mechanisms that include modulation of oxidative stress, cell cycle arrest, induction of
apoptosis, and interference with major signaling pathways like PI3K/Akt, NF-kB, and MAPK. This review
uniquely focuses on drug-specific synergistic interactions between apigenin and conventional small-
molecule therapeutics, highlighting mechanistic pathways such as PI3K/Akt, NF-kB, MAPK, and drug
transporter modulation. By critically analyzing these interactions, the study provides insights into
combination-based therapeutic strategies and identifies key gaps for clinical translation. The inclusion
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criteria comprised studies published between 2000 and 2025, written in English, focusing on the
pharmacological activity of apigenin. Electronic academic databases like PubMed, IEEE Xplore, Scopus, and
ScienceDirect that provide extensive access to peer-reviewed medical and technological studies were the
primary source of literature reviewed in this study. Keywords like “pharmacological evaluation,”
“synergistic effects,” and “apigenin” were used to choose articles. This search strategy enables the
identification of relevant original studies and review articles addressing the therapeutic potential of
apigenin.
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Introduction

In recent years, there has been significant interest in natural extracts and compounds that offer health
benefits, with polyphenols as a prominent example. Currently, over 8,000 polyphenol compounds have
been identified, with flavones being the most abundant among them. Flavones have garnered considerable
attention due to their diverse biochemical and pharmacological effects. Originating as the products of
secondary metabolism in plants, flavones are widely present in various plant foods that have been
extensively studied for more than a century. The biological activity of flavones was first explored by Rusnak
and Szent-Gyorgyi in 1936 [1]. Since it is a naturally occurring flavone, apigenin can be found in abundance
in many plant foods. It is found abundantly in foods like herbs (parsley, chamomile, oregano, and basil),
fruits and vegetables (celery, onions, oranges, and tea). Since apigenin is found in large amounts in foods we
consume daily from plants, it is one of the significant flavonoids in our diet [2]. Chamomile tea is one of the
richest dietary sources and is a common and readily available form of apigenin consumption. Because it is
found in such common foods, apigenin is a major contributor to the health benefits of a diet rich in plants.
The major dietary sources of apigenin are illustrated in Figure 1 in the following article.

Onions

Oranges

Figure 1. Major natural dietary sources of apigenin include parsley, chamomile, oregano, basil, celery, onions, and
oranges.
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The chemical name of apigenin is 4',5,7-trihydroxyflavone. However, its poor aqueous solubility
significantly reduces oral bioavailability, thereby limiting its pharmaceutical applications and restricting its
usage in the food and pharmaceutical industry [3]. Flavonoids are a diverse class of polyphenolic
compounds found abundantly in plant tissues, where they play crucial roles in defense, metabolism, and
reproduction. With over 6,000 identified compounds, flavonoids exhibit structural complexity based on
their flavone nucleus and substitution patterns, leading to various subclasses such as flavones, flavonols,
flavanones, flavanonols, and anthocyanidins, as shown in Figure 2. Their multifunctional nature extends
beyond plant physiology, as they contribute to human health through their antioxidant, anti-inflammatory,
and potential stress-relieving properties. Given their biological significance, flavonoids continue to be a
subject of extensive research in pharmacology, nutrition, and functional food development [4].

Flavone Flavanone
O o \\\\\\\
OH OH
O O
Flavonol Flavanonol

Anthocyanidins

Figure 2. Structural classification of flavonoids. The flavone subclass, which includes apigenin, is distinguished by a double
bond between C2—-C3 and a ketone group at C4.

Flavones, which occur mainly in plants such as 7-0-glycosides and C-glycosides, exhibit structural
variability due to changes in glycosylation and other attached functional groups. The structural variations
of flavones, including apigenin, are illustrated in Figure 3. O-glycosides, on the other hand, are hydrolysable
before analysis, whereas C-glycosides are stable and need special analytical techniques. Both glycosides and
aglycones are considered when quantifying flavones in food studies, and daily consumption is reported
variably across populations. These differences underline the potential benefits of flavones for human
nutrition and health and stress the significance of using consistent approaches in flavone research [5].
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Figure 3. Chemical structure of the flavone backbone and apigenin (flavone aglycone).

This review endeavors to present an integrated perspective on the multiplicity of pharmacological
activities of apigenin, encompassing its cardioprotective, neuroprotective, anti-inflammatory, and
anticancer activities. Being a flavonoid of natural origin, apigenin possesses great therapeutic potential
across numerous therapeutic categories; nevertheless, its clinical application is severely limited by its poor
bioavailability. The current paper also focuses on the restriction of supplementation of apigenin and its
rarity in typical food sources. Further, it highlights the therapeutic potential of the compound to elicit
enhanced efficacy by synergistic interactions with other small-molecule drugs. The review also considers
apigenin’s safety based on preclinical and clinical data to consider any associated side effects. Lastly, it
identifies major knowledge gaps in current research and offers recommendations for future studies,
particularly in areas such as new drug delivery systems, improved bioavailability, and clinical efficacy of
apigenin therapy. This review first provides a concise overview of the pharmacological profile of apigenin
to establish a mechanistic foundation, which is subsequently used to contextualize its synergistic
interactions with conventional small-molecule drugs.

Inclusion criteria

To ensure consistency with the primary objective of this review, only studies with direct relevance to
apigenin were included, particularly those addressing its chemical structure, pharmacological activities,
and underlying molecular mechanisms. Eligible studies comprised original research articles employing in
vitro, in vivo, clinical, or in silico approaches that specifically investigated the biological effects of apigenin,
such as antioxidant, anti-inflammatory, anticancer, neuroprotective, and cardioprotective activities. Special
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emphasis was placed on studies elucidating mechanistic pathways, including but not limited to PI3K/Akt,
NF-xB, MAPK, and apoptosis-related signaling. Additionally, studies exploring synergistic, additive, or
potentiating interactions between apigenin and small-molecule therapeutic agents were included to
support the central theme of combination-based therapy.

Studies involving other flavonoids were considered only when they provided direct comparative
insights or mechanistic relevance to apigenin, particularly in terms of structural similarity or shared
biological pathways. Only peer-reviewed articles published in English between 2000 and 2025 were
included, with preference given to full-text studies available through established academic databases such
as PubMed, Scopus, ScienceDirect, and IEEE Xplore. All selected studies were critically evaluated for
methodological quality, direct relevance to apigenin, and traceability to original experimental or clinical
findings. A schematic representation (Figure4) summarizes the molecular mechanisms and
pharmacokinetic behavior of apigenin, providing a foundational understanding of its bioavailability and
therapeutic interactions, which supports the inclusion criteria applied in this review.

Growth Factors TNF
Cytokines Other Stimuli

S

] muluml“lIil»'Illlmm|ml-uulnmllmllmmlmlmf’ "J'Pl‘llmu,
Ty
LTI
Al

TNF Receptor
PI3K ‘L

v
— v

w
Cell gur\ual

Growth& Proliferation
Metabolism

Nucleus

\\
[ g 5 Immune Response\"}
\ Anti-Apoptosis Cell Adhesion
Protein synthesis
Angiogenesis

Inflammation

Figure 4. Mechanistic pathways involved in the pharmacological actions of apigenin.

Exclusion criteria

Studies were excluded if they did not align with the central focus of this review on apigenin’s structure,
biological activities, and mechanisms of action. Specifically, studies primarily investigating flavonoids other
than apigenin were excluded unless they offered clear comparative or mechanistic relevance to apigenin.
Research involving crude plant extracts without proper isolation, identification, or quantification of
apigenin was also excluded to maintain specificity. Studies lacking mechanistic insights or those not directly
addressing the pharmacological effects of apigenin were considered ineligible. Furthermore, studies
evaluating apigenin without examining its biological activity or its interaction with other therapeutic agents
were excluded unless they contributed substantial mechanistic understanding. Research focused solely on
combinations with macromolecules such as proteins, peptides, antibodies, or nanoparticles was excluded
unless small-molecule interactions were clearly demonstrated. Non-research articles, including editorials,
commentaries, conference abstracts, and reports with insufficient experimental data, were also excluded,
along with publications in languages other than English.
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Research gap

Overall, current evidence supporting the therapeutic application of apigenin is predominantly derived from
in vitro and animal studies, with limited clinical validation. Additional challenges include poor aqueous
solubility and bioavailability, variability in commercial formulations, insufficient standardization of dosing
strategies, and inadequate understanding of long-term safety and drug-drug interactions. Furthermore,
gender-specific responses and interindividual genetic variability remain poorly characterized. Addressing
these limitations through well-designed clinical trials, standardized formulations, pharmacokinetic
investigations, and mechanistic studies will be essential for translating the promising preclinical findings
into clinically applicable therapeutic strategies.

Pharmacological activities of apigenin and its derivatives

Apigenin, a naturally occurring flavonoid, and its derivatives exhibit a wide range of pharmacological
activities. These bioactivities contribute to its potential use in disease prevention and treatment. These
antioxidant properties may contribute to enhanced efficacy when apigenin is combined with
chemotherapeutic agents by reducing oxidative stress-mediated drug resistance.

Anticancer

Pancreatic cancer (PC) has a five-year survival rate of fewer than 5%, making it the fourth most common
cause of cancer-related death [6]. Although there have been improvements in therapeutic approaches,
mortality is still not significantly improved by the aggressive nature of PC and its resistance to existing
therapy. Conventional modalities of therapy, including chemotherapy, surgery, and radiotherapy, have
mostly limited success, and resistance in cancer cells is common. To counter this issue, combination
chemotherapy with anti-tumor drugs has been investigated [7]. Natural plant-derived compounds have
gained attention for their ability to enhance chemotherapy sensitivity, suppress tumor progression, and
target multiple molecular pathways involved in cancer resistance. Apigenin, a naturally occurring flavonoid,
has shown promising anti-tumor effects in various cancers, including PC [8]. It regulates major oncogenic
signaling pathways such as Akt, Wnt, and Nrf2 and can inhibit epithelial-to-mesenchymal transition (EMT)
and thereby inhibit metastasis and cancer cell proliferation. From studies, apigenin, similar to other
phytochemicals, curcumin, has the potential to enhance the effectiveness of chemotherapy and inhibit
tumor aggressiveness by inhibiting processes that benefit cancer cells. Due to its multiple-targeting
potential and low toxicity, apigenin is the ideal natural compound for use in combination therapy against
PC. Further studies need to be done to enhance its bioavailability and therapeutic applications [9, 10].
Apigenin suppressed adenoid cystic carcinoma cell growth by downregulating glucose transporter-1
(GLUT-1) expression, implying a metabolic interference anticancer process. In BCPAP cells, apigenin caused
autophagic cell death, implying that apigenin Kkills thyroid cancer cells by modulating autophagy. Apigenin
inhibited the proliferation and invasion of osteosarcoma cells by suppressing the Wnt/[3-catenin signaling
pathway, a critical pathway in bone cancer progression. Apigenin enhanced the therapeutic efficacy of
TRAIL (TNF-related apoptosis-inducing ligand) in non-small cell lung cancer by upregulating death
receptors DR4 and DR5 in a p53-dependent manner, suggesting a synergistic approach in lung cancer
therapy [11]. In MDA-MB-231 breast cancer cells, apigenin induced G2/M phase arrest and promoted
histone H3 acetylation-mediated p21 (WAF1/CIP1) expression, leading to inhibited cell proliferation and
tumor growth. Apigenin inhibited the proliferation of renal cell carcinoma cells by causing DNA damage and
inducing G2/M phase cell cycle arrest through modulation of the ATM signaling pathway [12]. Apigenin
exhibited cytotoxic effects on malignant mesothelioma cells in a dose- and time-dependent manner.
Treatment led to increased reactive oxygen species (ROS) generation, DNA damage, upregulation of p53,
and activation of apoptotic pathways, suggesting its potential in mesothelioma therapy [13]. These
mechanistic effects provide a strong basis for synergistic interactions with chemotherapeutic agents such
as doxorubicin and cisplatin, where apigenin enhances drug accumulation, modulates apoptosis pathways,
and overcomes resistance mechanisms.
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Apigenin isolated from Patrinia villosa exhibited anti-proliferative effects towards HCC cell growth.
Apigenin induced G1 arrest of HepG2 cells, a cell line of liver cancer, possibly by activating the p38 MAPK-
p21 signaling pathway. The process also involved control of the CyclinD1-CDK4 complex, the main figure
involved in cell cycle progression. These findings suggest that apigenin is an extremely effective therapeutic
drug against HCC through control of cell cycle progression and cancer cell growth [14]. Apigenin treatment
of glioblastoma cells (U87MG and T98G) induced the generation of ROS, activation of the p38 MAPK and
JNK pathways, intracellular calcium elevation, and apoptosis. Notably, apigenin did not kill normal
astrocytes, reflecting its glioblastoma cell-selective cytotoxicity. The results suggest that apigenin may serve
as an effective glioblastoma drug with decreased effect on normal cells. These findings strongly support the
role of apigenin as a chemosensitizing agent in cancer therapy. Its ability to modulate apoptosis, oxidative
stress, and drug resistance pathways highlights its potential for synergistic use with standard
chemotherapeutic agents such as doxorubicin and cisplatin, thereby improving therapeutic outcomes and
reducing resistance [15].

Anti-tuberculosis activity

Research isolated apigenin from Portulaca oleracea L. and tested its antibacterial activity against some
pathogenic bacteria. The findings showed strong inhibition zones for Salmonella typhimurium and Proteus
mirabilis, indicating strong antibacterial activity. This research did not specifically test apigenin’s activity
towards Mycobacterium tuberculosis or other mycobacterial species.[16]. The antimycobacterial properties
of flavonoids indicated that some flavonoids, like taxifolin, had strong inhibitory action against
Mycobacterium tuberculosis. On the other hand, apigenin was found to possess merely moderate to weak
mycobacterial activity, indicating that although it does bear some antimycobacterial activity, it is perhaps
not as powerful as other flavonoids in this aspect [17]. Also, studies on Schinus terebinthifolius considered
the effects of its methanol extract, a particular fraction (A3), and pure apigenin on Mycobacterium bovis BCG
growth. The investigation concluded that although the extract and fraction A3 showed some inhibitory
activity, pure apigenin showed reduced effect, thus suggesting that other components present in the extract
could be accountable for observed antimycobacterial activity. Although apigenin alone exhibits limited
antimycobacterial activity, its moderate efficacy suggests potential for synergistic application. Future
studies should explore its use in combination with first-line anti-tubercular drugs to enhance efficacy and
overcome resistance mechanisms [18].

Anti-cardiovascular activity

An examination was made on the impact of apigenin on isolated rat hearts with ischemia/reperfusion (I/R)
injury. The findings showed that treatment with apigenin enhanced the cardiac functional recovery,
reduced the infarct size in the myocardium, lowered activities of creatine kinase isoenzyme and lactate
dehydrogenase in coronary flow, and lowered apoptotic cardiomyocytes. These were linked with the
inhibition of the p38 MAPK signaling pathway [19]. Research assessed the effects of apigenin on
renovascular hypertension-evoked cardiac hypertrophy in rats. Administering apigenin led to lowered
blood pressure, heart weight, cardiomyocyte cross-sectional area, serum angiotensin II, and myocardial
free fatty acids. The study indicated that the effects were mediated via down-regulating hypoxia-inducible
factor (HIF)-1a and regulating myocardial glucolipid metabolism [20]. Another study investigated
apigenin’s cardioprotective activities on diabetic rats with isoproterenol-induced myocardial infarction.
Apigenin therapy enhanced hemodynamic parameters, lowered oxidative stress, and lessened apoptosis in
myocardial tissue. These responses were attributed to the activation of the peroxisome proliferator-
activated receptor-gamma (PPAR-y) pathway [21]. Apigenin’s effect on mitigating endotoxin-induced
myocardial injury in mice was studied. The results showed that apigenin inhibited the expression of pro-
inflammatory cytokines, decreased markers of oxidative stress, and blocked NF-kB nuclear translocation.
Apigenin also regulated autophagy-related proteins, implying an overarching protective mechanism for
cardiac injury induced by endotoxins [22]. A systematic review highlighted apigenin’s protective roles
against cardiometabolic diseases. The review emphasized apigenin's ability to reduce oxidative stress,
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inflammation, and apoptosis, and to improve glucose and lipid metabolism [23]. The researchers proposed
that although preclinical results are promising, clinical trials are necessary to establish the human dosage
and bioavailability of apigenin. Recent studies discussed the benefits of apigenin in the prevention of
cardiac hypertrophy and heart failure. The research explained that apigenin inhibits cardiac hypertrophy
through NADPH oxidase-dependent ROS suppression and HIF-1a down-regulation, enhancing myocardial
metabolism and function. These cardioprotective effects suggest that apigenin may serve as an adjunctive
agent in cardiovascular therapy. Its antioxidant and anti-inflammatory properties could synergistically

enhance the efficacy of standard cardioprotective drugs while reducing oxidative stress-mediated damage
[24].

Anti-aging activity

An experiment examined apigenin’s action on UVA-induced skin aging. The results confirmed that apigenin
recovered the viability of human dermal fibroblasts that had been treated with UVA, lowered cellular
senescence, and diminished the expression of matrix metalloproteinase-1 (MMP-1), which breaks down
collagen. Clinical use of cream with an apigenin component proved to enhance the density of dermis,
improve the elasticity of skin, and lessen fine wrinkles, promising apigenin as an anti-aging cosmetic
product [25]. Study on the anti-aging protective effects of apigenin in a D-galactose-induced mouse model
of aging. Supplementation with apigenin greatly enhanced behavioral deficits, decreased histopathological
injury, and lowered cellular senescence and oxidative stress markers. The study concluded that the anti-
aging effects of apigenin could be exerted by induction of the Nrf2 pathway, leading to increased expression
of antioxidant enzymes [26]. Studies investigated the protective role of apigenin in a D-galactose-induced
model of aging in mice. Supplementation with apigenin markedly ameliorated behavioral impairments,
lessened histopathological damage, and minimized markers of cellular senescence and oxidative stress. The
authors concluded that apigenin’s anti-aging impact could be mediated by the activation of the Nrf2
pathway, which promotes antioxidant enzyme expression. The anti-aging effects of apigenin, particularly
through Nrf2 pathway activation, indicate its potential for synergistic use with other antioxidants or
dermatological agents. Such combinations may enhance skin protection and delay aging-related cellular
damage more effectively than monotherapy [27].

Neuroprotective activity

Apigenin’s effects on cognitive performance in APP/PS1 transgenic mice, an Alzheimer’s disease (AD)
model, were studied. The findings showed that apigenin enhanced learning and memory impairment,
inhibited amyloid-beta (AB) accumulation by suppressing BACE1 and B-CTF expression, improved
oxidative stress, and restored the ERK/CREB/BDNF neurotrophic pathway in the cerebral cortex. These
observations indicate apigenin’s potential to improve cognitive impairment associated with AD [28]. A
study proved that apigenin preserved neurovascular coupling in mice from amyloid-f25-35 toxicity, a
peptide linked to AD pathology [29]. A transgenic Drosophila model of AD was used in a study that
discovered apigenin treatment caused a dose-dependent reduction in oxidative stress, delayed climb loss,
inhibition of acetylcholinesterase activity, and blocking of amyloid-f42 aggregation [30]. Another
investigation reported that apigenin restored memory function in mice subjected to chronic unpredictable
mild stress. The flavonoid improved cognitive performance reduced oxidative stress markers, normalized
serum corticosterone levels, and upregulated BDNF, pERK, and pCREB expressions in the prefrontal cortex
and hippocampus [31]. Researchers examined apigenin’s neuroprotective effects in neonatal rats subjected
to hypoxic-ischemic brain injury. The study found that apigenin significantly reduced infarct volume,
decreased cerebral edema, suppressed inflammatory responses, inhibited apoptosis, and promoted tissue
structure recovery. Mechanistically, these benefits were attributed to the activation of the PI3K/Akt/Nrf2
signaling pathway, highlighting apigenin’s therapeutic potential for neonatal brain injuries [32]. The
preclinical investigations analyzed apigenin’s effects on cognitive and neurobehavioral dysfunctions. The
review summed up that apigenin augments learning and memory, enhances locomotor activity, has
anxiolytic and antidepressant properties, and corrects sensorimotor and motor coordination impairments
in animal models. Suggested mechanisms involve the modulation of neurotransmitter systems, interference
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with pro-inflammatory cytokine production, reduction of oxidative neuronal damage, and activation of
neurotrophic signaling pathways [33]. Rats with temporal lobe epilepsy based on the kainic acid model
were employed in a 2019 study to evaluate the impact of apigenin. Apigenin was given orally at 50 mg/kg
for six days. The delayed onset and reduced severity of seizures reflected significant anticonvulsant activity.
Apigenin also promoted survival in hippocampus hilus neurons and enhanced memory impairments
induced by epilepsy. Apigenin decreased cytochrome c release, as indicated by immunohistochemical
evaluation, which would indicate that it prevents the mitochondrial apoptotic pathway, one of which may
be its neuroprotective effects [34]. Research on vitexin, designated as apigenin-8-C-glucoside, a flavonoid
with a structural similarity to apigenin. Vitexin was delivered intraperitoneally at doses of 1.25 to 5 mg/kg
in murine models. The research concluded that vitexin exerted dose-dependent protection against seizures
induced by GABAergic antagonists like picrotoxin and pentylenetetrazol (PTZ), with the maximum dose
conferring protection against tonic-clonic seizures. Nonetheless, vitexin was ineffective against seizures
induced by glutamate receptor agonists such as NMDA and kainic acid. Vitexin was also found to have
anxiolytic-like activity with no sedation or locomotor impairment, indicating its possible role as a
modulator of GABAergic neurotransmission [35]. Another study in 2020 explored apigenin’s impact on
oxidative stress and ferroptosis in epileptic brains. The study revealed that apigenin was able to reduce
myeloperoxidase-induced oxidative stress and block ferroptosis, a type of regulated cell death in epilepsy.
Table 1 presents the key pharmacological activities of apigenin along with their associated molecular
pathways, potential drug partners, and proposed synergistic roles. The observations point towards the
involvement of the antioxidant activity of apigenin in its anticonvulsant action. Collectively, these findings
highlight apigenin’s potential as a neuroprotective adjuvant. Its modulation of oxidative stress and
neuroinflammatory pathways supports its synergistic application with existing neurotherapeutics to
enhance cognitive function and neuronal survival [36].

Table 1. Apigenin activities, associated molecular pathways, potential drug partners, and reported synergistic roles
supported.

Activity Key pathways Potential drug partners Synergistic role
Anticancer [37] PI3K/Akt, NF-kB, p53 Doxorubicin, cisplatin, Enhances apoptosis, reduces
TRAIL resistance

Anti-inflammatory COX-2, NF-kB, cytokines NSAIDs, corticosteroids Amplifies anti-inflammatory effects

[38]

Antioxidant [39] Nrf2, ROS modulation Chemotherapeutics Reduces oxidative stress-mediated

toxicity

Antidiabetic [40] AMPK, GLUT4 Metformin Improves insulin sensitivity

Antibacterial [41] Membrane disruption, quorum Antibiotics Enhances drug uptake, reduces
sensing resistance

Antibacterial

The study tested the antibacterial properties of certain flavonoids like apigenin against several bacterial
strains. The results showed that apigenin only had weak inhibitory effects on Staphylococcus aureus and no
apparent antibacterial effect on other tested bacterial species. This suggests that apigenin may act on
bacteria but is not a good antibacterial agent, and more studies are needed to know how it acts and whether
it has synergism with other compounds [42]. The study examined the apoptosis-like antibacterial activity of
apigenin against Escherichia coli. It was found that apigenin causes bacterial cell death by causing an
increase in intracellular calcium levels. Elevated levels of calcium trigger the production of reactive
nitrogen and oxygen species that cause oxidative stress. The oxidative stress causes damage to the bacterial
cell membrane, leading to cell disruption and death. This action highlights the antimicrobial activity of
apigenin through its ability to produce oxidative injury in bacterial cells [43]. Recent research examined the
anti-biofilm activity of apigenin-7-0-glucoside (A7G) against Staphylococcus aureus and Escherichia coli. The
research demonstrated that A7G significantly inhibits biofilm formation through the inhibition of
exopolysaccharide production, a requirement for biofilm stability, disruption of quorum-sensing
mechanisms governing bacterial communication, and reducing cell surface hydrophobicity, which is
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involved in bacterial adherence. These findings suggest that A7G has high potential as a natural anti-biofilm
and antibacterial molecule, which could be useful in the elimination of biofilm-producing bacteria that
cause chronic infections [44]. The antipathogenic ability of apigenin was recently studied in its ability to
combat Helicobacter pylori, a bacterium linked to gastritis and peptic ulcers. Researchers developed a
gastroprotective microsponge formulation of apigenin that showed potent in vitro antibacterial activity
against a metronidazole-resistant Helicobacter pylori strain. The microsponge formulation worked
especially well with antibacterial action that was maintained for up to 72 hours, compared to 36 hours
when using pure apigenin. This sustained effect underscores the formulation’s therapeutic potential for
long-term action, constituting a promising vehicle for the treatment of Helicobacter pylori infections,
especially those refractory to conventional therapies. Despite its moderate standalone antibacterial activity,
apigenin demonstrates significant potential for synergistic interactions. Its ability to disrupt bacterial
membranes and induce oxidative stress may enhance antibiotic efficacy and help combat antimicrobial
resistance [45].

Anti-asthmatic activity

In an experimental study, the apigenin effects were investigated in a murine model of asthma with mice
that were sensitized and ovalbumin (OVA) challenged to induce a model of allergic asthma response. When
apigenin-treated mice, the asthma symptoms significantly improved. Apigenin reduced inflammatory cell
invasion into the lungs, which is typically a feature of inflammation in asthma [46]. It also inhibited airway
hyperresponsiveness, an over-reaction of the airway to stimuli, and decreased total immunoglobulin E
(IgE) levels, a key antibody in allergy. Apart from that, apigenin altered the immune response from the T-
helper type 2 (Th2) predominant pattern, typical of allergic inflammation, to the pattern of a T-helper type
1 (Th1) profile. Th1 responses are also accompanied by anti-inflammatory actions and a reduced tendency
for allergic reactions. This conversion shows that apigenin may possess anti-inflammatory activities that
can benefit in managing allergic asthma by modulating immune reactions [47]. The research investigated
the anti-asthmatic effects of apigenin in an OVA-induced asthma model. Apigenin treatment caused
decreased airway resistance, decreased numbers of eosinophils, and decreased pro-inflammatory cytokine
levels (IL-6, TNF-q, and IL-17A). The research also detected strong inhibition of T-helper 17 (Th17) cells
and down-regulation of RORyt protein expression, suggesting that apigenin could be useful in managing
asthma progression through modulation of the Th17 cell response and reduction of inflammation [48].
Research compared the actions of natural flavones, such as apigenin, on late-phase and immediate
asthmatic responses in guinea pigs sensitized to OVA. Apigenin therapy significantly reduced certain airway
resistance in both phases and inhibited leukocyte mobilization, histamine release, and activity of
phospholipase A, and eosinophil peroxidase in bronchoalveolar lavage fluid. These findings show that
apigenin possesses anti-asthmatic activity through inhibition of airway hyperresponsiveness and
inflammation [49]. An experimental study investigated apigenin’s potential to alleviate airway
inflammation in PM2.5-exposed asthmatic mice. Apigenin significantly decreased airway
hyperresponsiveness and suppressed eosinophil and neutrophil infiltration in bronchoalveolar lavage fluid
and lung tissue. The study also showed significant reductions in total serum IgE and cytokines IL-4, IL-13,
and IL-17 levels. In addition, apigenin suppressed the mRNA level of the NF-kB p65 subunit in lung tissue,
which implies its involvement in inflammatory response modulation in asthma induced by PM2.5 exposure.
These immunomodulatory and anti-inflammatory effects suggest that apigenin may act synergistically with
conventional anti-asthmatic drugs. Such combinations could improve therapeutic outcomes by targeting
multiple inflammatory pathways simultaneously [50].

Anti-typhoid activity

Researchers isolated apigenin from the Portulaca Oleracea plant and evaluated its antibacterial activity
against several pathogenic bacteria, including Salmonella typhimurium. The study reported a zone of
inhibition of 17.36 + 0.18 mm for Salmonella typhimurium, indicating significant antibacterial activity.
However, the minimum inhibitory concentration (MIC) for all tested bacterial strains, including Salmonella
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typhimurium, was found to be greater than 4 mg/mlL, suggesting that higher concentrations of apigenin are
required to inhibit bacterial growth effectively [51]. This study focused on the antibacterial mechanism of
apigenin in Escherichia coli. The researchers found that apigenin induced apoptosis-like death in
Escherichia coli by increasing intracellular calcium levels and promoting the production of reactive nitrogen
and oxygen species. While this study did not directly assess apigenin’s effect on Salmonella typhimurium,
the findings suggest a potential mechanism by which apigenin could exert antibacterial effects on similar
Gram-negative bacteria [43]. This study examined the inhibitory activity of apigenin against multiple
bacterial species. The results for Salmonella typhimurium were mixed, with some studies reporting no
significant inhibition, while others observed antibacterial effects. These discrepancies may be attributed to
differences in experimental conditions, bacterial strains, and apigenin concentrations used. A
comprehensive review highlighted apigenin’s antimicrobial potential, noting that its inhibitory effects are
strain-specific. In certain cases, although apigenin did not inhibit the growth of pathogenic bacteria, it
reduced toxin production and mitigated pathogen-induced injury. Additionally, synergistic effects have
been observed when apigenin is combined with other antibiotics. Although apigenin requires higher
concentrations for direct antibacterial effects, its mechanism of inducing oxidative stress in bacteria
supports its potential as a synergistic agent. Combination with standard antibiotics may enhance efficacy
against resistant strains [52].

Antidiabetic

Researchers demonstrated that apigenin inhibits the expression of adhesion molecules induced by high
glucose and tumor necrosis factor-alpha in human endothelial cells, suggesting a protective role against
vascular complications in diabetes [53]. They found that apigenin improves diabetes by modulating
biochemical pathways, enhancing GLUT4 translocation, and altering CD38 expression, thereby improving
glucose uptake and metabolism [54]. A study by Ren et al. showed that apigenin ameliorates glucose and
lipid metabolism disorders and improves vascular dysfunction in type 2 diabetic rats, indicating its
multifaceted benefits in managing diabetes [55]. A systematic review highlighted apigenin’s role in
alleviating insulin resistance, regulating glycolipid metabolism, and mitigating oxidative stress through
various mechanisms, including the inhibition of insulin receptor kinase activity and modulation of
microRNAs [23]. Recent research focused on synthesized apigenin analogs revealed significant inhibitory
effects on a-glucosidase, an enzyme involved in carbohydrate digestion, suggesting potential therapeutic
applications for type 2 diabetes. A study published in the Uttar Pradesh Journal of Zoology examined the
effects of apigenin in alloxan-induced diabetic rats. The outcomes reported that apigenin dramatically
lowered blood glucose levels, suppressed the activity of a-amylase, and improved the activity of antioxidant
enzymes. The outcomes indicate that apigenin alone and combined with metformin could be efficacious in
the management of hyperglycemia and oxidative stress in diabetes [56]. Table 2 provides a consolidated
overview of the diverse pharmacological activities of apigenin, along with their proposed mechanisms and
experimental models. A published study in the European Journal of Pharmacology reviewed the impact of
apigenin on cognitive impairment caused by hyperglycemia in zebrafish. The test revealed that apigenin
improved learning and spatial memory, reduced blood glucose levels, and mitigated brain oxidative stress.
Such protective effects on the brain were attributed to Nrf2/ARE pathway induction, highlighting apigenin’s
potential in reducing diabetic-related cognitive impairment.[57]. Research work in Bioorganic Chemistry
examined synthesized apigenin analogs as a-glucosidase inhibitors. Among the compounds being tested,
one analog was reported to possess significant inhibitory activity, lowering fasting blood glucose and
reducing insulin resistance in a mouse model of type 2 diabetes. This points to the potential of apigenin
derivatives in the development of new antidiabetic agents [58]. Apigenin has been studied for its influence
on pancreatic B-cells and has been reported to increase glucose-stimulated insulin secretion together with
protection against ER stress-induced apoptosis. Such protective effects may be attributed to the possible
downregulation of proteins crucial for stress, namely, CHOP and TXNIP, by apigenin. Modulation of these
molecular pathways helps apigenin to preserve 3-cell function and cell survival, which could suggest a
therapeutic role for this flavonoid in preventing or managing diabetes-related 3-cell dysfunction. These
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findings indicate that apigenin holds strong potential as an adjunct in diabetes management. Its ability to
regulate glucose metabolism and oxidative stress supports synergistic use with antidiabetic drugs such as
metformin to improve glycemic control and reduce complications [59].

Table 2. Summary of apigenin’s biological effects observed in vitro, in vivo, and clinical studies, highlighting key
outcomes, mechanisms, and translational relevance.

Methods Typical experimental Main effects observed Putative mechanisms Strength
system/dose ranges

In vitro (cells, Cancer » Dose-dependent cytotoxicity =~ Modulation of signalling Strong,

biochemical /limmune/neuronal/endothelial against cancer cells, (PI3K/Akt, MAPK, NF-kB), consistent

assays) [60] cell lines; typical apoptosis, and cell-cycle upregulation of pro- mechanistic
concentrations ~1-100 uM arrest. apoptotic proteins, data across

(commonly 5-50 uM) inhibition of kinases and many cell

MMPs, and antioxidant types, but

enzyme activation. limited to
controlled cell

conditions (not

Anti-inflammatory (| NF-«B, |
pro-inflammatory cytokines).
Antioxidant, anti-microbial,
enzyme modulation (e.g.,

kinases). directly
predictive of
human
dosing).
In vivo (animal Rodent disease models; » Tumor growth inhibition and Same pathways as in vitro Good
models) [61]  doses often ~1-200 mg/kg metastasis suppression in plus effects on whole- preclinical
(oral or i.p.) depending on several cancer models. organism pharmacology efficacy and
model and duration . (reduced systemic safety signals,

Anti-infammatory and
neuroprotective effects
(improved functional outcomes

cytokines, oxidative stress; but results
improved organ histology). vary by

) Often shows formulation,
in models). chemosensitization when  dose, and
* Benefits in combined with drugs. model—
metabolic/cardiometabolic translation to
endpoints (improved insulin humans
sensitivity, endothelial uncertain.
function), renal and hepatic
protection in disease models.
Clinical/human Very limited controlled trials » Pharmacokinetics/metabolism Human metabolism Insufficient
studies [62] and PK studies; human trials studied (bioavailability (glucuronidation/sulfation)  clinical
mostly early-phase or pilot; issues—rapid metabolism, strongly affects exposure; efficacy data.
clinicaltrials.gov lists glycoside forms differ). formulations and glycoside Safety in short
SPt}SGsi:fsety and small pilot - Afew small pilot studies forms change absorption. :t;p?:;s
investigate biomarker changes acceptable
or feasibility (e.g., pilot studies but rgbust ’
in cancer risk groups). efficacy and
* No large, definitive RCT dosing
evidence of therapeutic regimens are
efficacy for a specific disease not
yet. established—
more human

trials needed.

Synergistic interactions of apigenin with small-molecule drugs
Anticancer drug combinations

The combination of apigenin with conventional chemotherapeutic agents has emerged as a promising
strategy to enhance anticancer efficacy while overcoming drug resistance. Apigenin has been shown to
potentiate the therapeutic effects of drugs such as doxorubicin, cisplatin, and TRAIL through multi-targeted
mechanisms involving apoptosis induction, oxidative stress modulation, and regulation of key signaling
pathways [63]. The co-administration of apigenin with doxorubicin has demonstrated significant
enhancement in anticancer activity across various cancer cell lines. This combination leads to increased
intracellular accumulation of doxorubicin, primarily through the inhibition of efflux transporters such as P-
glycoprotein, thereby reducing multidrug resistance. Mechanistically, apigenin promotes p53 activation,
enhances ROS generation, and facilitates mitochondrial-mediated apoptosis. The combined treatment
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results in amplified DNA damage, caspase activation, and a marked increase in apoptotic cell death
compared to monotherapy [64].

Similarly, the synergistic interaction between apigenin and cisplatin has been widely reported to
improve therapeutic outcomes. Apigenin sensitizes cancer cells to cisplatin by modulating key survival
pathways such as PI3K/Akt and NF-xB, which are often implicated in chemoresistance. Additionally,
apigenin enhances oxidative stress within tumor cells, leading to mitochondrial dysfunction and apoptosis
[65]. This combination has been shown to reduce cisplatin-induced toxicity while maintaining or enhancing
anticancer efficacy, thereby improving the therapeutic index. Apigenin also exhibits strong synergy with
TRAIL, particularly in TRAIL-resistant cancer cells [66]. The combination enhances apoptosis by
upregulating death receptors DR4 and DR5 in a p53-dependent manner, thereby restoring TRAIL
sensitivity. Furthermore, apigenin inhibits anti-apoptotic proteins such as Bcl-2 and survivin, while
activating cascades. Collectively, these interactions result in increased apoptotic signaling and reduced
tumor cell survival, highlighting apigenin’s potential as a sensitizing agent in targeted cancer therapies [67].

Antidiabetic drug combinations

Apigenin has demonstrated promising synergistic effects when combined with standard antidiabetic agents
such as metformin, offering improved glycemic control and metabolic regulation. Metformin is a first-line
oral antihyperglycemic agent widely used in the management of type 2 diabetes mellitus and acts primarily
by reducing hepatic glucose production and improving insulin sensitivity [68]. The combination of apigenin
with metformin has been shown to enhance glucose uptake and utilization through modulation of GLUT4
translocation and activation of AMPK pathways. Apigenin complements metformin’s action by improving
insulin sensitivity and reducing insulin resistance at the cellular level. Additionally, apigenin exerts
antioxidant effects that mitigate oxidative stress, a key contributor to diabetic complications [69].

Recent studies also suggest that metformin may exhibit indirect or adjuvant antimicrobial effects,
possibly mediated through host metabolic modulation, alteration of gut microbiota, and AMPK-dependent
pathways. While metformin is not classified as an antibiotic, these findings highlight its potential ancillary
role in influencing microbial processes [70]. Mechanistically, apigenin regulates key enzymes involved in
carbohydrate metabolism and suppresses inflammatory mediators associated with insulin resistance. The
combined treatment has been reported to improve lipid profiles, reduce hyperglycemia, and protect against
vascular complications. This synergistic interaction suggests that apigenin can act as an effective adjuvant
to conventional antidiabetic therapy, enhancing therapeutic outcomes while potentially lowering drug
dosage requirements [71].

Antimicrobial/antibiotic synergy

The combination of apigenin with conventional antibiotics represents a promising strategy to combat
antimicrobial resistance and improve therapeutic efficacy. Although apigenin alone exhibits moderate
antibacterial activity, its synergistic interactions with antibiotics significantly enhance antimicrobial effects
against a range of pathogenic microorganisms. Apigenin has been shown to disrupt bacterial cell membrane
integrity, leading to increased permeability and facilitating enhanced antibiotic uptake [72]. This
membrane-disruptive action weakens bacterial defense mechanisms and potentiates the activity of co-
administered antibiotics. Additionally, apigenin interferes with bacterial quorum-sensing systems, thereby
inhibiting communication pathways essential for virulence and survival. A key mechanism underlying this
synergy is the inhibition of biofilm formation, which is a major factor contributing to chronic infections and
antibiotic resistance. Apigenin reduces exopolysaccharide production and alters cell-surface properties,
thereby preventing bacterial adhesion and biofilm maturation. These effects enhance bacterial
susceptibility to antibiotics and improve treatment outcomes. Furthermore, apigenin-induced oxidative
stress within bacterial cells contributes to cellular damage and apoptosis-like death, further amplifying
antimicrobial efficacy. This combination approach holds significant potential in addressing multidrug-
resistant infections and reducing the burden of antibiotic resistance [73].
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Neuroprotective combinations

Emerging evidence suggests that apigenin may enhance the efficacy of neuroprotective agents through
synergistic interactions targeting oxidative stress, neuroinflammation, and neuronal survival pathways.
Although studies in this area are relatively limited, available data indicate promising therapeutic potential
in neurodegenerative disorders. Apigenin, when used in combination with neuroprotective drugs or agents
targeting cognitive impairment, has been shown to improve neuronal function and reduce neurotoxicity.
The synergistic effects are primarily mediated through the modulation of PI3K/Akt, ERK/CREB/BDNF, and
Nrf2 signaling pathways, which play critical roles in neuronal survival, synaptic plasticity, and antioxidant
defense [74]. Additionally, apigenin enhances mitochondrial function, reduces the accumulation of
neurotoxic proteins such as amyloid-f, and attenuates neuroinflammation by inhibiting pro-inflammatory
cytokines. These combined effects contribute to improved cognitive performance and neuroprotection in
experimental models. The integration of apigenin with existing neurotherapeutics may offer a multi-
targeted approach for the management of neurodegenerative diseases such as AD and epilepsy. However,
further studies are required to validate these findings in clinical settings and to establish optimal dosing
strategies for combination therapy [75]. Table 3 summarizes key studies demonstrating the synergistic
effects of apigenin in combination with conventional small-molecule drugs, highlighting therapeutic
outcomes, underlying mechanisms, and experimental models.

Table 3. Summary of synergistic interactions between apigenin and small-molecule drugs

Drug Disease/model Effect of combination Proposed mechanism Study  Quantitative
with apigenin of synergy type synergy metric
Doxorubicin [76] Breast/various Enhanced apoptosis and ROS generation, p53 In vitro  Cl = 0.65-0.85
cancers reduced drug resistance  activation, cell cycle (reported)
arrest
Cisplatin Ovarian/lung Increased cytotoxicity and Inhibition of the PI3K/Akt In vitro/ Cl < 1 (qualitative
cancer chemosensitivity pathway, apoptosis invivo  report)
induction
TRAIL [11] Lung cancer Increased sensitivity to Upregulation of In vitro  Not reported
apoptosis DR4/DR5 receptors
(p53-dependent)
Metformin [56] Type 2 diabetes Improved glucose Activation of AMPK, Invivo  Not applicable
regulation and insulin enhanced GLUT4
sensitivity translocation
5-Fluorouracil [76]  Colorectal Enhanced anticancer NF-kB inhibition, In vitro ~ Cl ~0.7 (reported)
cancer efficacy apoptosis enhancement
Paclitaxel [77] Breast cancer Increased tumor cell Microtubule stabilization Invitro  Synergistic (Cl < 1;
death + apoptosis pathways exact value not
reported)
Antibiotics (e.g., Bacterial Enhanced antibacterial Membrane disruption, In vitro  Not reported
Ciprofloxacin) [78]  infections activity, reduced biofilm inhibition
resistance
Temozolomide [79] Glioblastoma Increased ROS generation, DNA In vitro  Synergistic
chemosensitivity damage enhancement (qualitative; CI not
reported)

Cl (Combination Index) values are based on the Chou—Talalay method where reported. Cl < 1 indicates synergism, Cl = 1
indicates an additive effect, and ClI > 1 indicates antagonism. “Not reported” denotes that quantitative synergy metrics were not
provided in the original study.

Synergistic effect of apigenin in combination with agents

Some studies have investigated the synergistic effects of apigenin when used with other therapeutic agents.
Apigenin markedly enhanced the anticancer efficacy of 5-fluorouracil in ErbB2-overexpressing MDA-MB-
453 cells. In comparison with single 5-FU treatment, the combination induced more significant growth
inhibition and apoptosis, possibly through suppression of ErbB2 expression and inhibition of the Akt
signaling pathway [80]. In MDA-MB-231 TNBC cells, apigenin in combination with the histone deacetylase
inhibitor vorinostat (SAHA) triggered severe apoptotic cell death, such as nuclear fragmentation, chromatin
condensation, and low mitochondrial membrane potential. These data indicate that apigenin can augment
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the therapeutic effect of vorinostat by modulating both epigenetic and apoptotic regulators [81]. Besides,
apigenin was found to be synergistic with doxorubicin in estrogen-dependent (MCF-7) and non-estrogen-
dependent (MDA-MB-231) breast cancer cells. It was found to be dose-dependent for cytotoxicity and anti-
migration activities, and both drugs induced lipid droplet accumulation in MDA-MB-231 cells, which may be
related to interaction with ATP-binding cassette transporters and modulation of AKT and MYC pathways
[76]. Besides cancer therapy, apigenin has also shown promise in infectious disease management. When
combined with (-lactam antibiotics ampicillin and ceftriaxone, apigenin significantly improved their action
against methicillin-resistant Staphylococcus aureus (MRSA), suggesting its ability to counter antibiotic
resistance [82].

Synergistic effects of apigenin against obesity and metabolic syndrome

The therapeutic potential of apigenin in metabolic wellness has been clarified by recent studies, particularly
when combined with other bioactive substances. A study examined the effects of apigenin and resveratrol
on the trans differentiation and plasticity of white adipocytes [83]. When compared to each drug alone, the
combination of treatments was more successful in browning white adipocytes. This augmented effect was
attributed to the activation of more than one signaling pathway, such as PI3K signaling through an estrogen
receptor-dependent pathway, ultimately enhancing angiogenesis and lipid metabolism [84]. These
observations project the combination of apigenin and resveratrol as a promising treatment to enhance lipid
metabolism in obese subjects [85]. Another study investigated the interaction of apigenin with emodin,
naringin, and quercetin in suppressing 3T3-L1 preadipocyte differentiation and pancreatic lipase activity.
In the combinations examined, emodin and apigenin exhibited the most significant synergistic effects in
both assays and corroborate their complementary therapy role for obesity control [86]. This implies that
apigenin can act against obesity partially through prebiotic-like modulation of the gut microbiome, which
further attests to its promise in metabolic health interventions [87]. Apigenin has been shown to have
potential therapeutic benefits in the field of metabolic health, particularly if combined with other bioactive
compounds.

An experiment tested the combination of emodin, naringin, and quercetin in inhibiting 3T3-L1
preadipocyte differentiation and pancreatic lipase activity. Its value as an adjunct drug in controlling
overweight and obesity is evidenced by the fact that emodin-apigenin showed the highest synergistic effect
among all the combinations used in both assays. Especially when co-administered with other bioactive
compounds, apigenin has shown promising therapeutic potential in the context of metabolic health [86].
Despite these encouraging results, the authors indicated the need for more studies to establish the
mechanism of action and clinical uses [88]. In the same vein, a systematic review investigated the role of
apigenin in the targeting of metabolic syndrome and emphasized its antiobesity properties, antidiabetic
activity, and ability to improve metabolic dysfunction [89]. The review stated that apigenin is a very
promising drug as a therapeutic agent and further called for more human clinical trials to support its
efficacy and safety in the management of metabolic syndrome [90].

Potential adverse effects of apigenin

While apigenin is generally known for its medicinal promise, attention must be given to its safety profile,
especially at toxic doses or as a supplement [91]. Genotoxicity testing has indicated that apigenin, at high
levels, can present genotoxic activity in some test systems, and there are fears about the genetic risks of
overdose [92]. Sedative effects have also been observed in animal studies, where high doses (100 and 200
mg/kg) led to mild sedation and muscle relaxation, suggesting central nervous system impacts that could
impair alertness or induce drowsiness [93]. In addition to its antioxidant activity, apigenin has been
reported to interfere with hormone-related pathways, particularly those involving estrogen and
testosterone. Inhibition of these enzymes will change the blood levels of some medications to either
decreased effect or increased risk of toxicity [94]. Elevated doses of apigenin have also been linked to
gastrointestinal upset, such as stomach discomfort, nausea, and diarrhea. People with an allergy to plants,
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especially those who are allergic to plants in the Asteraceae group (e.g., chamomile or daisies), are also
likely to suffer from an allergic reaction that could be anything from skin rashes to respiratory distress [95].
According to the overall safety, a systematic review has found that although apigenin is well-tolerated when
ingested via dietary intake, caution should be practiced with high-dose supplementation because of the risk
of side effects like sedation, hormonal activity, and drug interactions. The review firmly recommends
additional clinical studies to determine definite and safe dosages [96]. In addition, liver toxicity has also
been documented in animal models, where the doses of approximately 100 mg/kg resulted in
manifestations of liver damage, although human evidence is still sparse. Generally, though apigenin is a
promising drug, its use in a safe manner requires cautious regard for dosage, the health status of the
individual, and interactions [97]. The mechanistic pathways and pharmacokinetic profile of apigenin have
been discussed earlier (Figure 4).

Future perspectives

To maximally realize the therapeutic value of apigenin, several strategic avenues are being pursued. One is
the increase of its bioavailability using new drug delivery systems, including nanocarriers and liposomes,
designed to enhance its solubility and stability. At the same time, properly conducted human clinical trials
are needed to confirm apigenin’s efficacy and safety in various health conditions [98]. It is also important to
understand more precise mechanistic facts, such as how it works at the molecular level and the cellular
pathways it acts on. Furthermore, apigenin’s synergistic action when used with other natural compounds or
drugs is being investigated increasingly, which can help develop more potent treatments. Apart from its
medicinal application, apigenin is rich with potential applications in industry as a pharmaceutical excipient,
dietary supplement, and functional food component, further enhancing its influence on overall health and
disease prevention [99].

Conclusion

Apigenin is a multifunctional dietary flavonoid with broad pharmacological activities, including anticancer,
anti-inflammatory, antioxidant, neuroprotective, and metabolic regulatory effects. Beyond its standalone
efficacy, accumulating evidence underscores its role as a potent bioenhancer in combination therapy.
Notably, apigenin exhibits strong synergistic interactions with chemotherapeutic agents such as
doxorubicin, cisplatin, paclitaxel, and TRAIL, where it enhances apoptosis, suppresses drug resistance
through P-glycoprotein inhibition, and modulates key signaling pathways including PI3K/Akt and NF-«B.
Similarly, its combination with antidiabetic agents like metformin improves glycemic control via AMPK
activation and enhanced GLUT4 translocation, while antimicrobial synergy with antibiotics contributes to
overcoming drug resistance through membrane disruption, biofilm inhibition, and increased drug uptake.
These multi-targeted interactions highlight apigenin’s potential as an adjuvant therapeutic agent capable of
improving efficacy while reducing toxicity and dosage requirements of conventional drugs. However,
despite promising preclinical evidence, the translational application of these synergistic combinations
remains limited due to poor bioavailability, lack of standardized dosing strategies, and insufficient clinical
validation. Future research should prioritize well-designed clinical trials, pharmacokinetic optimization,
and quantitative synergy modeling to establish the safety, efficacy, and therapeutic relevance of these
combinations in humans. Overall, apigenin-based combination strategies represent a promising avenue for
next-generation therapeutics, bridging natural product pharmacology with modern precision medicine.

Abbreviations

AD: Alzheimer’s disease

HIF-1a: hypoxia-inducible factor-1 alpha
[gE: immunoglobulin E

OVA: ovalbumin

Explor Foods Foodomics. 2026;4:1010174 | https://doi.org/10.37349/eff.2026.1010174 Page 16



PC: pancreatic cancer
ROS: reactive oxygen species

Th2: T-helper type 2

Declarations
Acknowledgments

The authors express their sincere gratitude to their respective institutions, including IFTM University,
Moradabad; Raj Kumar Goel Institute of Technology (Pharmacy), Ghaziabad, SRM Institute of Science and
Technology, Delhi-NCR Campus; Moradabad Educational Trust, Group of Institutions; Saveetha Institute of
Medical and Technical Sciences, Chennai; and Chitkara University, Punjab, for providing the necessary
academic support and research environment to carry out this work. The authors acknowledge the use of
ChemDraw (PerkinElmer Informatics) for generating chemical structure illustrations.

Author contributions

AK: Conceptualization, Methodology, Writing—review & editing, Supervision. HS: Methodology,
Investigation. RV: Investigation, Data curation. SK: Methodology, Investigation. JA: Formal analysis, Data
curation, Writing—original draft, Visualization. PK: Formal analysis, Writing—original draft. AKM:
Resources, Writing—original draft, Visualization. SC: Validation, Resources, Writing—review & editing. HC:
Conceptualization, Validation, Writing—review & editing, Supervision. All authors have read and agreed to
the published version of the manuscript.

Conflicts of interest

The authors declare that they have no competing interests.

Ethical approval
Not applicable.

Consent to participate

Not applicable.

Consent to publication

Not applicable.

Availability of data and materials

Not applicable.

Funding

The authors received no specific funding for this work.

Copyright
© The Author(s) 2026.

Publisher’s note

Open Exploration maintains a neutral stance on jurisdictional claims in published institutional affiliations
and maps. All opinions expressed in this article are the personal views of the author(s) and do not
represent the stance of the editorial team or the publisher.

Explor Foods Foodomics. 2026;4:1010174 | https://doi.org/10.37349/eff.2026.1010174 Page 17



References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

de Aratjo FF, de Paulo Farias D, Neri-Numa IA, Pastore GM. Polyphenols and their applications: An
approach in food chemistry and innovation potential. Food Chem. 2021;338:127535. [DOI] [PubMed]
Hostetler GL, Ralston RA, Schwartz S]. Flavones: Food Sources, Bioavailability, Metabolism, and
Bioactivity. Adv Nutr. 2017;8:423-35. [DOI] [PubMed] [PMC(]

Brad K, Zhang Y. Study on extraction and purification of apigenin and the physical and chemical
properties of its complex with lecithin. Pharmacogn Mag. 2018;14:203-6. [DOI] [PubMed] [PMC]
Salehi B, Venditti A, Sharifi-Rad M, Kregiel D, Sharifi-Rad ], Durazzo A, et al. The Therapeutic Potential
of Apigenin. Int ] Mol Sci. 2019;20:1305. [DOI] [PubMed] [PMC]

Xiao J, Muzashvili TS, Georgiev MI. Advances in the biotechnological glycosylation of valuable
flavonoids. Biotechnol Adv. 2014;32:1145-56. [DOI] [PubMed]

Rawla P, Sunkara T, Gaduputi V. Epidemiology of Pancreatic Cancer: Global Trends, Etiology and Risk
Factors. World ] Oncol. 2019;10:10-27. [DOI] [PubMed] [PMC]

Baskar R, Lee KA, Yeo R, Yeoh KW. Cancer and Radiation Therapy: Current Advances and Future
Directions. Int ] Med Sci. 2012;9:193-9. [DOI] [PubMed] [PMC(]

Prakash O, Kumar A, Tiwari S, Bajpai P. The versatility of apigenin: Especially as a chemopreventive
agent for cancer. ] Holist Integr Pharm. 2024;5:249-56. [DOI]

Ashrafizadeh M, Bakhoda MR, Bahmanpour Z, Ilkhani K, Zarrabi A, Makvandi P, et al. Apigenin as
Tumor Suppressor in Cancers: Biotherapeutic Activity, Nanodelivery, and Mechanisms With Emphasis
on Pancreatic Cancer. Front Chem. 2020;8:829. [DOI] [PubMed] [PMC(]

Avila-Carrasco L, Majano P, Sdnchez-Toméro JA, Selgas R, Lopez-Cabrera M, Aguilera A, et al. Natural
Plants Compounds as Modulators of Epithelial-to-Mesenchymal Transition. Front Pharmacol. 2019;
10:715. [DOI] [PubMed] [PMC(]

Yan X, Qi M, Li P, Zhan Y, Shao H. Apigenin in cancer therapy: anti-cancer effects and mechanisms of
action. Cell Biosci. 2017;7:50. [DOI] [PubMed] [PMC(]

Meng S, Zhu Y, Li JF, Wang X, Liang Z, Li SQ, et al. Apigenin inhibits renal cell carcinoma cell
proliferation. Oncotarget. 2017;8:19834-51. [DOI]

Oyenihi OR, Oyenihi AB, Alabi TD, Tade OG, Adeyanju AA, Oguntibeju 00. Reactive oxygen species: Key
players in the anticancer effects of apigenin? ] Food Biochem. 2022;46:e14060. [DOI] [PubMed]

Li Y, Cheng X, Chen C, Huijuan W, Zhao H, Liu W, et al. Apigenin, a flavonoid constituent derived from
P. villosa, inhibits hepatocellular carcinoma cell growth by CyclinD1/CDK4 regulation via p38 MAPK-
p21 signaling. Pathol - Res Pract. 2020;216:152701. [DOI] [PubMed]

Afshari AR, Mollazadeh H, Soukhtanloo M, Hosseini A, Mohtashami E, Jalili-Nik M, et al. Modulation of
Calcium Signaling in Glioblastoma Multiforme: A Therapeutic Promise for Natural Products. Mini-Rev
Med Chem. 2020;20:1879-99. [DOI] [PubMed]

Nayaka HB, Londonkar RL, Umesh MK, Tukappa A. Antibacterial Attributes of Apigenin, Isolated from
Portulaca oleracea L.. Int ] Bacteriol. 2014;2014:175851. [DOI] [PubMed] [PMC(]

Salih EYA, Julkunen-Tiitto R, Luukkanen O, Sipi M, Fahmi MKM, Fyhrquist PJ. Potential Anti-
Tuberculosis Activity of the Extracts and Their Active Components of Anogeissus leiocarpa (DC.) Guill.
and Perr. with Special Emphasis on Polyphenols. Antibiotics. 2020;9:364. [DOI] [PubMed] [PMC]
Bernardes NR, Heggdorne-Aratjo M, Borges IF, Almeida FM, Amaral EP, Lasunskaia EB, et al. Nitric
oxide production, inhibitory, antioxidant and antimycobacterial activities of the fruits extract and
flavonoid content of Schinus terebinthifolius. Rev Bras Farmacogn. 2014;24:644-50. [DOI]

Hu ], Li Z, Xu LT, Sun AJ, Fu XY, Zhang L, et al. Protective Effect of Apigenin on Ischemia/Reperfusion
Injury of the Isolated Rat Heart. Cardiovasc Toxicol. 2014;15:241-9. [DOI] [PubMed]

Zhu ZY, Gao T, Huang Y, Xue ], Xie ML. Apigenin ameliorates hypertension-induced cardiac
hypertrophy and down-regulates cardiac hypoxia inducible factor-la in rats. Food Funct. 2016;7:
1992-8. [DOI] [PubMed]

Explor Foods Foodomics. 2026;4:1010174 | https://doi.org/10.37349/eff.2026.1010174 Page 18


https://dx.doi.org/10.1016/j.foodchem.2020.127535
http://www.ncbi.nlm.nih.gov/pubmed/32798817
https://dx.doi.org/10.3945/an.116.012948
http://www.ncbi.nlm.nih.gov/pubmed/28507008
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5421117
https://dx.doi.org/10.4103/pm.pm_159_17
http://www.ncbi.nlm.nih.gov/pubmed/29720832
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5909316
https://dx.doi.org/10.3390/ijms20061305
http://www.ncbi.nlm.nih.gov/pubmed/30875872
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6472148
https://dx.doi.org/10.1016/j.biotechadv.2014.04.006
http://www.ncbi.nlm.nih.gov/pubmed/24780153
https://dx.doi.org/10.14740/wjon1166
http://www.ncbi.nlm.nih.gov/pubmed/30834048
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6396775
https://dx.doi.org/10.7150/ijms.3635
http://www.ncbi.nlm.nih.gov/pubmed/22408567
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3298009
https://dx.doi.org/10.1016/j.jhip.2024.10.001
https://dx.doi.org/10.3389/fchem.2020.00829
http://www.ncbi.nlm.nih.gov/pubmed/33195038
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7593821
https://dx.doi.org/10.3389/fphar.2019.00715
http://www.ncbi.nlm.nih.gov/pubmed/31417401
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6682706
https://dx.doi.org/10.1186/s13578-017-0179-x
http://www.ncbi.nlm.nih.gov/pubmed/29034071
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5629766
https://dx.doi.org/10.18632/oncotarget.15771
https://dx.doi.org/10.1111/jfbc.14060
http://www.ncbi.nlm.nih.gov/pubmed/34997605
https://dx.doi.org/10.1016/j.prp.2019.152701
http://www.ncbi.nlm.nih.gov/pubmed/31780054
https://dx.doi.org/10.2174/1389557520666200807133659
http://www.ncbi.nlm.nih.gov/pubmed/32767939
https://dx.doi.org/10.1155/2014/175851
http://www.ncbi.nlm.nih.gov/pubmed/26904730
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4745481
https://dx.doi.org/10.3390/antibiotics9070364
http://www.ncbi.nlm.nih.gov/pubmed/32610461
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7399890
https://dx.doi.org/10.1016/j.bjp.2014.10.012
https://dx.doi.org/10.1007/s12012-014-9290-y
http://www.ncbi.nlm.nih.gov/pubmed/25377428
https://dx.doi.org/10.1039/c5fo01464f
http://www.ncbi.nlm.nih.gov/pubmed/26987380

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Goyal S, Chandrayan G, Mahajan U, Patil C. PS 13-22 APIGENIN ATTENUATES ISOPROTERENOL
INDUCED MYOCARDIAL INFARCTION IN DIABETIC RATS VIA MODULATION OF PPAR- y PATHWAY. ]
Hypertens. 2016;34:e431-2. [DOI]

Li F, Lang F, Zhang H, Xu L, Wang Y, Zhai C, et al. Apigenin Alleviates Endotoxin-Induced Myocardial
Toxicity by Modulating Inflammation, Oxidative Stress, and Autophagy. Oxidative Med Cell Longev.
2017;2017:2302896. [DOI] [PubMed] [PMC(]

Xu 'Y, Li X, Wang H. Protective Roles of Apigenin Against Cardiometabolic Diseases: A Systematic
Review. Front Nutr. 2022;9:875826. [DOI] [PubMed] [PMC]

Hedayati N, Yaghoobi A, Salami M, Gholinezhad Y, Aghadavood F, Eshraghi R, et al. Impact of
polyphenols on heart failure and cardiac hypertrophy: clinical effects and molecular mechanisms.
Front Cardiovasc Med. 2023;10:1174816. [DOI] [PubMed] [PMC(]

Domaszewska-Szostek A, Puzianowska-KuZnicka M, Kurytowicz A. Flavonoids in Skin Senescence
Prevention and Treatment. Int ] Mol Sci. 2021;22:6814. [DOI] [PubMed] [PMC(]

Sang Y, Zhang F, Wang H, Yao ], Chen R, Zhou Z, et al. Apigenin exhibits protective effects in a mouse
model ofd-galactose-induced aging via activating the Nrf2 pathway. Food Funct. 2017;8:2331-40.
[DOI] [PubMed]

Kramer DJ, Johnson AA. Apigenin: a natural molecule at the intersection of sleep and aging. Front
Nutr. 2024;11:1359176. [DOI] [PubMed] [PMC]

Zhao L, Wang JL, Liu R, Li XX, Li JF, Zhang L. Neuroprotective, Anti-Amyloidogenic and Neurotrophic
Effects of Apigenin in an Alzheimer’s Disease Mouse Model. Molecules. 2013;18:9949-65. [DOI]
[PubMed] [PMC]

Liu R, Zhang T, Yang H, Lan X, Ying ], Du G. The Flavonoid Apigenin Protects Brain Neurovascular

Coupling against Amyloid-25-35-Induced Toxicity in Mice. ] Alzheimer's Dis. 2011;24:85-100. [DOI]
[PubMed]

Siddique YH, Rahul, Ara G, Afzal M, Varshney H, Gaur K, et al. Beneficial effects of apigenin on the

transgenic Drosophila model of Alzheimer's disease. Chem-Biol Interact. 2022;366:110120. [DOI]
[PubMed]

Olayinka ]JN, Eduviere AT, Okosun MO, Amadi MC, Ikpen JO. Apigenin exhibits memory enhancing
activity through the restoration of oxido-endocrine balance and upregulation of BDNF/ERK/CREB

signalling pathways in stressed mice. Naunyn-Schmiedeb Arch Pharmacol. 2025;398:8845-59. [DOI]
[PubMed]

Fu C, Zheng Y, Lin K, Wang H, Chen T, Li L, et al. Neuroprotective effect of apigenin against hypoxic-
ischemic brain injury in neonatal ratsviaactivation of the PI3K/Akt/Nrf2 signaling pathway. Food
Funct. 2021;12:2270-81. [DOI] [PubMed]

Olasehinde TA, Olaokun 0O. The Beneficial Role of Apigenin against Cognitive and Neurobehavioural
Dysfunction: A Systematic Review of Preclinical Investigations. Biomedicines. 2024;12:178. [DOI]
[PubMed] [PMC(]

Hashemi P, Fahanik Babaei ], Vazifekhah S, Nikbakht F. Evaluation of the neuroprotective,
anticonvulsant, and cognition-improvement effects of apigenin in temporal lobe epilepsy:
Involvement of the mitochondrial apoptotic pathway. Iran ] Basic Med Sci. 2019;22:752-8. [DOI]
[PubMed] [PMC]

de Oliveira DD, da Silva CP, Iglesias BB, Beleboni RO. Vitexin Possesses Anticonvulsant and Anxiolytic-
Like Effects in Murine Animal Models. Front Pharmacol. 2020;11:1181. [DOI] [PubMed] [PMC(]

Shao C, Yuan |, Liu Y, Qin Y, Wang X, Gu ], et al. Epileptic brain fluorescent imaging reveals apigenin
can relieve the myeloperoxidase-mediated oxidative stress and inhibit ferroptosis. Proc Natl Acad Sci.
2020;117:10155-64. [DOI] [PubMed] [PMC(]

Rahmani AH, Alsahli MA, Almatroudi A, Almogbel MA, Khan AA, Anwar S, et al. The Potential Role of
Apigenin in Cancer Prevention and Treatment. Molecules. 2022;27:6051. [DOI] [PubMed] [PMC]

Explor Foods Foodomics. 2026;4:1010174 | https://doi.org/10.37349/eff.2026.1010174 Page 19


https://dx.doi.org/10.1097/01.hjh.0000501116.12030.3e
https://dx.doi.org/10.1155/2017/2302896
http://www.ncbi.nlm.nih.gov/pubmed/28828145
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5554558
https://dx.doi.org/10.3389/fnut.2022.875826
http://www.ncbi.nlm.nih.gov/pubmed/35495935
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9051485
https://dx.doi.org/10.3389/fcvm.2023.1174816
http://www.ncbi.nlm.nih.gov/pubmed/37293283
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10244790
https://dx.doi.org/10.3390/ijms22136814
http://www.ncbi.nlm.nih.gov/pubmed/34201952
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8267725
https://dx.doi.org/10.1039/c7fo00037e
http://www.ncbi.nlm.nih.gov/pubmed/28598487
https://dx.doi.org/10.3389/fnut.2024.1359176
http://www.ncbi.nlm.nih.gov/pubmed/38476603
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10929570
https://dx.doi.org/10.3390/molecules18089949
http://www.ncbi.nlm.nih.gov/pubmed/23966081
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6270497
https://dx.doi.org/10.3233/jad-2010-101593
http://www.ncbi.nlm.nih.gov/pubmed/21297270
https://dx.doi.org/10.1016/j.cbi.2022.110120
http://www.ncbi.nlm.nih.gov/pubmed/36027948
https://dx.doi.org/10.1007/s00210-025-03821-9
http://www.ncbi.nlm.nih.gov/pubmed/39873717
https://dx.doi.org/10.1039/d0fo02555k
http://www.ncbi.nlm.nih.gov/pubmed/33599218
https://dx.doi.org/10.3390/biomedicines12010178
http://www.ncbi.nlm.nih.gov/pubmed/38255283
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10813036
https://dx.doi.org/10.22038/ijbms.2019.33892.8064
http://www.ncbi.nlm.nih.gov/pubmed/32373296
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7196342
https://dx.doi.org/10.3389/fphar.2020.01181
http://www.ncbi.nlm.nih.gov/pubmed/32848784
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7431698
https://dx.doi.org/10.1073/pnas.1917946117
http://www.ncbi.nlm.nih.gov/pubmed/32327603
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7229752
https://dx.doi.org/10.3390/molecules27186051
http://www.ncbi.nlm.nih.gov/pubmed/36144783
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9505045

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

Gallelli L, Galasso O, Falcone D, Southworth S, Greco M, Ventura V, et al. The effects of nonsteroidal
anti-inflammatory drugs on clinical outcomes, synovial fluid cytokine concentration and signal
transduction pathways in knee osteoarthritis. A randomized open label trial. Osteoarthr Cartil. 2013;
21:1400-8. [DOI] [PubMed]

Ngo V, Duennwald ML. Nrf2 and Oxidative Stress: A General Overview of Mechanisms and
Implications in Human Disease. Antioxidants. 2022;11:2345. [DOI] [PubMed] [PMC]

Herman R, Kravos NA, Jensterle M, Janez A, Dolzan V. Metformin and Insulin Resistance: A Review of
the Underlying Mechanisms behind Changes in GLUT4-Mediated Glucose Transport. Int ] Mol Sci.
2022;23:1264. [DOI] [PubMed] [PMC(]

Cui S, Kim E. Quorum sensing and antibiotic resistance in polymicrobial infections. Commun Integr
Biol. 2024;17:2415598. [DOI] [PubMed] [PMC]

Cushnie TP, Hamilton VE, Lamb A]. Assessment of the antibacterial activity of selected flavonoids and

consideration of discrepancies between previous reports. Microbiol Res. 2003;158:281-9. [DOI]
[PubMed]

Kim S, Woo ER, Lee DG. Apigenin promotes antibacterial activity via regulation of nitric oxide and
superoxide anion production. ] Basic Microbiol. 2020;60:862-72. [DOI] [PubMed]

Pei Z], Li C, Dai W, Lou Z, Sun X, Wang H, et al. The Anti-Biofilm Activity and Mechanism of Apigenin-7-
0-Glucoside Against Staphylococcus aureus and Escherichia coli. Infect Drug Resist. 2023;16:
2129-40. [DOI] [PubMed] [PMC]

Jafar M, Sajjad Ahmad Khan M, Salahuddin M, Zahoor S, MohammedHesham Slais H, Ibrahim Alalwan
L, et al. Development of apigenin loaded gastroretentive microsponge for the targeting of Helicobacter
pylori. Saudi Pharm J. 2023;31:659-68. [DOI] [PubMed] [PMC]

Chen F, He D, Yan B. Apigenin Attenuates Allergic Responses of Ovalbumin-Induced Allergic Rhinitis
Through Modulation of Th1l/ThZ2 Responses in Experimental Mice. Dose-Response. 2020;18:
1559325820904799. [DOI] [PubMed] [PMC]

Li RR, Pang LL, Du Q, Shi Y, Dai W], Yin KS. Apigenin inhibits allergen-induced airway inflammation
and switches immune response in a murine model of asthma. Immunopharmacol Immunotoxicol.
2010;32:364-70. [DOI] [PubMed]

Li ], Zhang B. Apigenin protects ovalbumin-induced asthma through the regulation of Th17 cells.
Fitoterapia. 2013;91:298-304. [DOI] [PubMed]

Lee JY, Kim JM, Kim CJ. Flavones derived from nature attenuate the immediate and late-phase
asthmatic responses to aerosolized-ovalbumin exposure in conscious guinea pigs. Inflamm Res. 2013;
63:53-60. [DOI] [PubMed]

Wang X, Hui Y, Zhao L, Hao Y, Guo H, Ren F. Oral administration of Lactobacillus paracasei L9
attenuates PM2.5-induced enhancement of airway hyperresponsiveness and allergic airway response
in murine model of asthma. PLOS ONE. 2017;12:e0171721. [DOI] [PubMed] [PMC]

Oraibi A, AlShammari A, Mohsien R, Obaid W. Investigation the Antibacterial Activity of Portulaca
oleracea L. Tissue Cultures in vitro. ] Pharm Res Int. 2017;18:1-7. [DOI]

Allemailem KS, Almatroudi A, Alharbi HOA, AlSuhaymi N, Alsugoor MH, Aldakheel FM, et al. Apigenin:
A Bioflavonoid with a Promising Role in Disease Prevention and Treatment. Biomedicines. 2024;12:
1353. [DOI] [PubMed] [PMC]

Vinayagam R, Xu B. Antidiabetic properties of dietary flavonoids: a cellular mechanism review. Nutr
Metab. 2015;12:60. [DOI] [PubMed] [PMC]

Hossain CM, Ghosh MK, Satapathy BS, Dey NS, Mukherjee B. Apigenin causes biochemical modulation,
GLUT4 and CD38 alterations to improve diabetes and to protect damages of some vital organs in
experimental diabetes. Am ] Pharmacol Toxicol. 2014;9:39-52. [DOI]

Ren B, Qin W, Wu F, Wang S, Pan C, Wang L, et al. Apigenin and naringenin regulate glucose and lipid
metabolism, and ameliorate vascular dysfunction in type 2 diabetic rats. Eur ] Pharmacol. 2016;773:
13-23. [DOI] [PubMed]

Explor Foods Foodomics. 2026;4:1010174 | https://doi.org/10.37349/eff.2026.1010174 Page 20


https://dx.doi.org/10.1016/j.joca.2013.06.026
http://www.ncbi.nlm.nih.gov/pubmed/23973155
https://dx.doi.org/10.3390/antiox11122345
http://www.ncbi.nlm.nih.gov/pubmed/36552553
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9774434
https://dx.doi.org/10.3390/ijms23031264
http://www.ncbi.nlm.nih.gov/pubmed/35163187
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8836112
https://dx.doi.org/10.1080/19420889.2024.2415598
http://www.ncbi.nlm.nih.gov/pubmed/39430726
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11487952
https://dx.doi.org/10.1078/0944-5013-00206
http://www.ncbi.nlm.nih.gov/pubmed/14717448
https://dx.doi.org/10.1002/jobm.202000432
http://www.ncbi.nlm.nih.gov/pubmed/32845547
https://dx.doi.org/10.2147/idr.s387157
http://www.ncbi.nlm.nih.gov/pubmed/37070126
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10105580
https://dx.doi.org/10.1016/j.jsps.2023.03.006
http://www.ncbi.nlm.nih.gov/pubmed/37181149
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10172626
https://dx.doi.org/10.1177/1559325820904799
http://www.ncbi.nlm.nih.gov/pubmed/32165873
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7054738
https://dx.doi.org/10.3109/08923970903420566
http://www.ncbi.nlm.nih.gov/pubmed/20095800
https://dx.doi.org/10.1016/j.fitote.2013.09.009
http://www.ncbi.nlm.nih.gov/pubmed/24060907
https://dx.doi.org/10.1007/s00011-013-0670-8
http://www.ncbi.nlm.nih.gov/pubmed/24142298
https://dx.doi.org/10.1371/journal.pone.0171721
http://www.ncbi.nlm.nih.gov/pubmed/28199353
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5310903
https://dx.doi.org/10.9734/jpri/2017/36071
https://dx.doi.org/10.3390/biomedicines12061353
http://www.ncbi.nlm.nih.gov/pubmed/38927560
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11202028
https://dx.doi.org/10.1186/s12986-015-0057-7
http://www.ncbi.nlm.nih.gov/pubmed/26705405
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4690284
https://dx.doi.org/10.3844/ajptsp.2014.39.52
https://dx.doi.org/10.1016/j.ejphar.2016.01.002
http://www.ncbi.nlm.nih.gov/pubmed/26801071

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Shailendra B, Shankaraiah P. Antioxidant and Alpha Amylase Inhibitory Activity of Apigenin in Alloxan
Induced Diabetic Rats. UTTAR PRADESH ] ZOOL. 2024;45:125-31. [DOI]

Haridevamuthu B, Ranjan Nayak SPR, Murugan R, Pachaiappan R, Ayub R, Aljawdah HM, et al.
Prophylactic effects of apigenin against hyperglycemia-associated amnesia via activation of the Nrf2/
ARE pathway in zebrafish. Eur ] Pharmacol. 2024;976:176680. [DOI] [PubMed]

Liu H, Huang P, Wang X, Ma Y, Tong ], Li ], et al. Apigenin analogs as a-glucosidase inhibitors with
antidiabetic activity. Bioorg Chem. 2024;143:107059. [DOI] [PubMed]

IThim SA, Kaneko YK, Yamamoto M, Yamaguchi M, Kimura T, Ishikawa T. Apigenin Alleviates
Endoplasmic Reticulum Stress-Mediated Apoptosis in INS-1 B-Cells. Biol Pharm Bull. 2023;46:630-5.
[DOI] [PubMed]

Herbener V], Burster T, Goreth A, Pruss M, von Bandemer H, Baisch T, et al. Considering the
Experimental Use of Temozolomide in Glioblastoma Research. Biomedicines. 2020;8:151. [DOI]
[PubMed] [PMC]

Das B, Sarkar C, Rawat VS, Kalita D, Deka S, Agnihotri A. Promise of the NLRP3 Inflammasome
Inhibitors in In Vivo Disease Models. Molecules. 2021;26:4996. [DOI] [PubMed] [PMC]

Solnier ], Zhang Y, Roh K, Kuo YC, Du M, Wood §, et al. A Pharmacokinetic Study of Different Quercetin
Formulations in Healthy Participants: A Diet-Controlled, Crossover, Single- and Multiple-Dose Pilot
Study. Evid-Based Complement Altern Med. 2023;2023:9727539. [DOI] [PubMed] [PMC(]

Nozhat Z, Heydarzadeh S, Memariani Z, Ahmadi A. Chemoprotective and chemosensitizing effects of
apigenin on cancer therapy. Cancer Cell Int. 2021;21:574. [DOI] [PubMed] [PMC]

Ayyildiz A, Koc H, Turkekul K, Erdogan S. Co-administration of apigenin with doxorubicin enhances
anti-migration and antiproliferative effects via PI3K/PTEN/AKT pathway in prostate cancer cells. Exp
Oncol. 2023;43:125-34. [DOI] [PubMed]

Liu R, Ji P, Liu B, Qiao H, Wang X, Zhou L, et al. Apigenin enhances the cisplatin cytotoxic effect through
p53-modulated apoptosis. Oncol Lett. 2016;13:1024-30. [DOI] [PubMed] [PMC]

Dasari S, Njiki S, Mbemi A, Yedjou CG, Tchounwou PB. Pharmacological Effects of Cisplatin
Combination with Natural Products in Cancer Chemotherapy. Int ] Mol Sci. 2022;23:1532. [DOI]
[PubMed] [PMC]

Chen M, Wang X, Zha D, Cai F, Zhang W, He Y, et al. Apigenin potentiates TRAIL therapy of non-small
cell lung cancer via upregulating DR4/DR5 expression in a p53-dependent manner. Sci Rep. 2016;6:
35468. [DOI] [PubMed] [PMC]

Barbosa F, Cunha A, Barbosa ], Faria ], Queirés O. The Dual Role of Metformin: Repurposing an
Antidiabetic Drug for Cancer Therapy. Appl Sci. 2025;15:11576. [DOI]

Warkad MS, Kim CH, Kang BG, Park SH, Jung JS, Feng JH, et al. Metformin-induced ROS upregulation as
amplified by apigenin causes profound anticancer activity while sparing normal cells. Sci Rep. 2021;
11:14002. [DOI] [PubMed] [PMC(C]

Foretz M, Guigas B, Viollet B. Metformin: update on mechanisms of action and repurposing potential.
Nat Rev Endocrinol. 2023;19:460-76. [DOI] [PubMed] [PMC]

Dhiman S, Dhankhar S, Garg A, Rohilla M, Saini M, Singh TG, et al. Mechanistic insights and therapeutic
potential of astilbin and apigenin in diabetic cardiomyopathy. Heliyon. 2024;10:e39996. [DOI]
[PubMed] [PMC]

Kumar V, Singh A, Sharma N, Saini R, Kumar H, El-Shazly M, et al. Combating bacterial antibiotic
resistance with phytocompounds: Current trends and future perspectives. Med Drug Discov. 2025;28:
100228. [DOI]

Sionov RV, Steinberg D. Targeting the Holy Triangle of Quorum Sensing, Biofilm Formation, and
Antibiotic Resistance in Pathogenic Bacteria. Microorganisms. 2022;10:1239. [DOI] [PubMed] [PMC]

Explor Foods Foodomics. 2026;4:1010174 | https://doi.org/10.37349/eff.2026.1010174 Page 21


https://dx.doi.org/10.56557/upjoz/2024/v45i124111
https://dx.doi.org/10.1016/j.ejphar.2024.176680
http://www.ncbi.nlm.nih.gov/pubmed/38810716
https://dx.doi.org/10.1016/j.bioorg.2023.107059
http://www.ncbi.nlm.nih.gov/pubmed/38154388
https://dx.doi.org/10.1248/bpb.b22-00913
http://www.ncbi.nlm.nih.gov/pubmed/37005308
https://dx.doi.org/10.3390/biomedicines8060151
http://www.ncbi.nlm.nih.gov/pubmed/32512726
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7344626
https://dx.doi.org/10.3390/molecules26164996
http://www.ncbi.nlm.nih.gov/pubmed/34443594
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8399941
https://dx.doi.org/10.1155/2023/9727539
http://www.ncbi.nlm.nih.gov/pubmed/37600550
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10435304
https://dx.doi.org/10.1186/s12935-021-02282-3
http://www.ncbi.nlm.nih.gov/pubmed/34715860
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8555304
https://dx.doi.org/10.32471/exp-oncology.2312-8852.vol-43-no-2.16096
http://www.ncbi.nlm.nih.gov/pubmed/34190523
https://dx.doi.org/10.3892/ol.2016.5495
http://www.ncbi.nlm.nih.gov/pubmed/28356995
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5351382
https://dx.doi.org/10.3390/ijms23031532
http://www.ncbi.nlm.nih.gov/pubmed/35163459
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8835907
https://dx.doi.org/10.1038/srep35468
http://www.ncbi.nlm.nih.gov/pubmed/27752089
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5067669
https://dx.doi.org/10.3390/app152111576
https://dx.doi.org/10.1038/s41598-021-93270-0
http://www.ncbi.nlm.nih.gov/pubmed/34234193
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8263563
https://dx.doi.org/10.1038/s41574-023-00833-4
http://www.ncbi.nlm.nih.gov/pubmed/37130947
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10153049
https://dx.doi.org/10.1016/j.heliyon.2024.e39996
http://www.ncbi.nlm.nih.gov/pubmed/39583813
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11582444
https://dx.doi.org/10.1016/j.medidd.2025.100228
https://dx.doi.org/10.3390/microorganisms10061239
http://www.ncbi.nlm.nih.gov/pubmed/35744757
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9228545

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Oyagbemi AA, Femi-Akinlosotu OM, Obasa AA, Ojo MS, Salami AT, Ajibade TO, et al. Apigenin mitigates
oxidative stress, neuroinflammation, and cognitive impairment but enhances learning and memory in
aluminum chloride-induced neurotoxicity in rats. Alzheimer's Dement. 2025;21:e70223. [DOI]
[PubMed] [PMC]

Dourado NS, Souza CDS, de Almeida MMA, Bispo da Silva A, Dos Santos BL, Silva VDA, et al.
Neuroimmunomodulatory and Neuroprotective Effects of the Flavonoid Apigenin in in vitro Models of
Neuroinflammation Associated With Alzheimer’s Disease. Front Aging Neurosci. 2020;12:119. [DOI]
[PubMed] [PMC]

Yang C, Song ], Hwang S, Choi ], Song G, Lim W. Apigenin enhances apoptosis induction by 5-
fluorouracil through regulation of thymidylate synthase in colorectal cancer cells. Redox Biology.
2021;47:102144. [DOI]

XuY, XinY, Diao Y, Lu C, Fu ], Luo L, et al. Synergistic effects of apigenin and paclitaxel on apoptosis of
cancer cells. PLoS One. 2011;6:e29169. [DOI]

Wang YY, Luo BZ, Li CM, Liang JL, Liu Z, Chen WM, et al. Discovery of 3-hydroxypyridin-4(1H)-ones
ester of ciprofloxacin as prodrug to combat biofilm-associated Pseudomonas aeruginosa. Eur ] Med
Chem. 2025;289:117396. [DOI] [PubMed]

Pandey V, Ranjan N, Narne P, Babu PP. Roscovitine effectively enhances antitumor activity of
temozolomide in vitro and in vivo mediated by increased autophagy and Caspase-3 dependent
apoptosis. Sci Rep. 2019;9:5012. [DOI] [PubMed] [PMC]

Choi EJ, Kim GH. 5-Fluorouracil combined with apigenin enhances anticancer activity through
induction of apoptosis in human breast cancer MDA-MB-453 cells. Oncol Rep. 2009;22:1533-7. [DOI]
Nimal S, Kumbhar N, Saruchi, Rathore S, Naik N, Paymal S, et al. Apigenin and its combination with
Vorinostat induces apoptotic-mediated cell death in TNBC by modulating the epigenetic and apoptotic
regulators and related miRNAs. Sci Rep. 2024;14:9540. [DOI] [PubMed] [PMC(]

Akilandeswari K, Ruckmani K. Synergistic antibacterial effect of apigenin with -lactam antibiotics
and modulation of bacterial resistance by a possible membrane effect against methicillin resistant
Staphylococcus aureus. Cell Mol Biol. 2016;62:74-82. [DOI]

Seo KH, Lee HS, Jung B, Ko HM, Choi JH, Park S], et al. Estrogen enhances angiogenesis through a
pathway involving platelet-activating factor-mediated nuclear factor-kB activation. Cancer Res. 2004;
64:6482-8. [DOI]

Nadar S, Khan T, Patching SG, Omri A. Development of Antibiofilm Therapeutics Strategies to
Overcome Antimicrobial Drug Resistance. Microorganisms. 2022;10:303. [DOI] [PubMed] [PMC]
Sreekumar S, Kiran MS. Combinatorial effect of Apigenin-resveratrol on white adipocyte plasticity and
trans-differentiation for activating lipid metabolism. BioFactors. 2024;51:e2111. [DOI] [PubMed]

Guo X, Liu ], Cai S, Wang O, Ji B. Synergistic interactions of apigenin, naringin, quercetin and emodin on
inhibition of 3T3-L1 preadipocyte differentiation and pancreas lipase activity. Obes Res Clin Pract.
2016;10:327-39. [DOI] [PubMed]

Qiao Y, Zhang Z, Zhai Y, Yan X, Zhou W, Liu H, et al. Apigenin Alleviates Obesity-Associated Metabolic
Syndrome by Regulating the Composition of the Gut Microbiome. Front Microbiol. 2022;12:805827.
[DOI] [PubMed] [PMC(]

Alam W, Rocca C, Khan H, Hussain Y, Aschner M, De Bartolo A, et al. Current Status and Future
Perspectives on Therapeutic Potential of Apigenin: Focus on Metabolic-Syndrome-Dependent Organ
Dysfunction. Antioxidants. 2021;10:1643. [DOI] [PubMed] [PMC]

Javadi B, Sobhani Z. Role of apigenin in targeting metabolic syndrome: A systematic review. Iran ]
Basic Med Sci. 2024;27:524-34. [DOI]

Pandita G, Mittal D, Kashyap P, Lai W, Kumar N, Mehra R, et al. Apigenin and its derivatives in breast
cancer prevention and therapy: a review on bioavailability and recent developments. Phytomed Plus.
2025;5:100870. [DOI]

Explor Foods Foodomics. 2026;4:1010174 | https://doi.org/10.37349/eff.2026.1010174 Page 22


https://dx.doi.org/10.1002/alz.70223
http://www.ncbi.nlm.nih.gov/pubmed/40318207
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC12441593
https://dx.doi.org/10.3389/fnagi.2020.00119
http://www.ncbi.nlm.nih.gov/pubmed/32499693
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7243840
https://dx.doi.org/10.1016/j.redox.2021.102144
https://dx.doi.org/10.1371/journal.pone.0029169
https://dx.doi.org/10.1016/j.ejmech.2025.117396
http://www.ncbi.nlm.nih.gov/pubmed/40010273
https://dx.doi.org/10.1038/s41598-019-41380-1
http://www.ncbi.nlm.nih.gov/pubmed/30899038
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6428853
https://dx.doi.org/10.3892/or_00000598
https://dx.doi.org/10.1038/s41598-024-60395-x
http://www.ncbi.nlm.nih.gov/pubmed/38664447
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11045774
https://dx.doi.org/10.14715/cmb/2016.62.14.13
https://dx.doi.org/10.1158/0008-5472.CAN-03-2774
https://dx.doi.org/10.3390/microorganisms10020303
http://www.ncbi.nlm.nih.gov/pubmed/35208758
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8879831
https://dx.doi.org/10.1002/biof.2111
http://www.ncbi.nlm.nih.gov/pubmed/39115325
https://dx.doi.org/10.1016/j.orcp.2015.08.004
http://www.ncbi.nlm.nih.gov/pubmed/26314502
https://dx.doi.org/10.3389/fmicb.2021.805827
http://www.ncbi.nlm.nih.gov/pubmed/35046924
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8762173
https://dx.doi.org/10.3390/antiox10101643
http://www.ncbi.nlm.nih.gov/pubmed/34679777
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8533599
https://dx.doi.org/10.22038/IJBMS.2024.71539.15558
https://dx.doi.org/10.1016/j.phyplu.2025.100870

91.

92.

93.

94,

95.

96.

97.

98.

99,

Seo HS, Ku JM, Choi HS, Woo JK, Lee BH, Kim DS, et al. Apigenin overcomes drug resistance by blocking
the signal transducer and activator of transcription 3 signaling in breast cancer cells. Oncol Rep. 2017;
38:715-24. [DOI] [PubMed] [PMC]

Al-Nageb G, Kalmpourtzidou A, Giampieri F, De Giuseppe R, Cena H. Genotoxic and antigenotoxic
medicinal plant extracts and their main phytochemicals: “A review”. Front Pharmacol. 2024;15:
1448731. [DOI] [PubMed] [PMC(]

Tobias |D, Leder M. Procedural sedation: A review of sedative agents, monitoring, and management of
complications. Saudi ] Anaesth. 2011;5:395-410. [DOI] [PubMed] [PMC]

Thomas SD, Jha NK, Jha SK, Sadek B, Ojha S. Pharmacological and Molecular Insight on the
Cardioprotective Role of Apigenin. Nutrients. 2023;15:385. [DOI] [PubMed] [PMC(C]

Srivastava JK, Shankar E, Gupta S. Chamomile: A herbal medicine of the past with a bright future
(Review). Mol Med Rep. 2010;3:895-901. [DOI] [PubMed] [PMC]

Wang M, Firrman |, Liu L, Yam K. A Review on Flavonoid Apigenin: Dietary Intake, ADME,
Antimicrobial Effects, and Interactions with Human Gut Microbiota. BioMed Res Int. 2019;2019:
7010467. [DOI] [PubMed] [PMC]

Singh P, Mishra SK, Noel S, Sharma S, Rath SK. Acute Exposure of Apigenin Induces Hepatotoxicity in
Swiss Mice. PLoS ONE. 2012;7:€31964. [DOI] [PubMed] [PMC]

Vanshita, Rawal T, Bhati H, Bansal K. Harnessing the power of novel drug delivery systems for
effective delivery of apigenin: an updated review. ] Microencapsul. 2024;42:83-106. [DOI] [PubMed]
Mondal A, Dikshit H, Kumar M, Mishra H, Mohan L, Dhar H. Pharmacodynamic interaction profile of
apigenin with diclofenac in an experimental model of inflammation in rats. Indian J Physiol
Pharmacol. 2025;69:360-5. [DOI]

Explor Foods Foodomics. 2026;4:1010174 | https://doi.org/10.37349/eff.2026.1010174 Page 23


https://dx.doi.org/10.3892/or.2017.5752
http://www.ncbi.nlm.nih.gov/pubmed/28656316
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5562081
https://dx.doi.org/10.3389/fphar.2024.1448731
http://www.ncbi.nlm.nih.gov/pubmed/39679368
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11637852
https://dx.doi.org/10.4103/1658-354x.87270
http://www.ncbi.nlm.nih.gov/pubmed/22144928
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3227310
https://dx.doi.org/10.3390/nu15020385
http://www.ncbi.nlm.nih.gov/pubmed/36678254
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9866972
https://dx.doi.org/10.3892/mmr.2010.377
http://www.ncbi.nlm.nih.gov/pubmed/21132119
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2995283
https://dx.doi.org/10.1155/2019/7010467
http://www.ncbi.nlm.nih.gov/pubmed/31737673
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6817918
https://dx.doi.org/10.1371/journal.pone.0031964
http://www.ncbi.nlm.nih.gov/pubmed/22359648
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3281105
https://dx.doi.org/10.1080/02652048.2024.2437375
http://www.ncbi.nlm.nih.gov/pubmed/39670876
https://dx.doi.org/10.25259/ijpp_404_2024

	Abstract
	Keywords
	Introduction
	Inclusion criteria
	Exclusion criteria
	Research gap
	Pharmacological activities of apigenin and its derivatives
	Anticancer
	Anti-tuberculosis activity
	Anti-cardiovascular activity
	Anti-aging activity
	Neuroprotective activity
	Antibacterial
	Anti-asthmatic activity
	Anti-typhoid activity
	Antidiabetic

	Synergistic interactions of apigenin with small-molecule drugs
	Anticancer drug combinations
	Antidiabetic drug combinations
	Antimicrobial/antibiotic synergy
	Neuroprotective combinations

	Synergistic effect of apigenin in combination with agents
	Synergistic effects of apigenin against obesity and metabolic syndrome
	Potential adverse effects of apigenin
	Future perspectives
	Conclusion
	Abbreviations
	Declarations
	Acknowledgments
	Author contributions
	Conflicts of interest
	Ethical approval
	Consent to participate
	Consent to publication
	Availability of data and materials
	Funding
	Copyright

	Publisher’s note
	References

