
 International Journal of 

Molecular Sciences

Review

The Therapeutic Potential of Apigenin

Bahare Salehi 1 , Alessandro Venditti 2 , Mehdi Sharifi-Rad 3,*, Dorota Kręgiel 4 ,
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Abstract: Several plant bioactive compounds have exhibited functional activities that suggest they
could play a remarkable role in preventing a wide range of chronic diseases. The largest group of
naturally-occurring polyphenols are the flavonoids, including apigenin. The present work is an
updated overview of apigenin, focusing on its health-promoting effects/therapeutic functions and,
in particular, results of in vivo research. In addition to an introduction to its chemistry, nutraceutical
features have also been described. The main key findings from in vivo research, including animal
models and human studies, are summarized. The beneficial indications are reported and discussed
in detail, including effects in diabetes, amnesia and Alzheimer’s disease, depression and insomnia,
cancer, etc. Finally, data on flavonoids from the main public databases are gathered to highlight the
apigenin’s key role in dietary assessment and in the evaluation of a formulated diet, to determine
exposure and to investigate its health effects in vivo.
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1. Introduction

Chronic diseases, such as cancer, stroke, diabetes, Alzheimer’s disease, depression, and age-related
function decline, are major public health burdens worldwide, especially in developed countries. It is
believed that a combination of regular physical activity and healthy diet can prevent these various
diseases, as well as help in fighting already existing diseases. Particular attention has been paid
to a diet based on fruits and vegetables, which are sources of natural bioactive compounds with
pro-health properties. The largest group of naturally-occurring polyphenols are the flavonoids, which
include flavones, flavonols, flavanones, flavanols, isoflavonoids, and anthocyanidins [1–4]. Flavonoids
are characterized by broad biological activities, demonstrated in numerous mammalian systems
in vitro and in vivo. These compounds act as free-radical scavengers and antioxidants, exhibiting
anti-mutagenic, anti-inflammatory, and antiviral effects [5–11]. What is more, flavonoids are able
to reduce plasma levels of low-density lipoproteins, inhibit platelet aggregation, and reduce cell
proliferation. These properties result, inter alia, from their mechanisms of action: inhibiting the
cell cycle, diminishing oxidative stress, improving detoxification enzymes, inducing apoptosis, and
stimulating the immune system. Of all the flavonoids, apigenin (4′,5,7-trihydroxyflavone) is one of
the most widely distributed in the plant kingdom, and one of the most studied phenolics. Apigenin
is present principally as glycosylated in significant amount in vegetables (parsley, celery, onions)
fruits (oranges), herbs (chamomile, thyme, oregano, basil), and plant-based beverages (tea, beer, and
wine) [12]. The present review is focused on the health-promoting effects of apigenin, in particular
through in vivo research.

2. Apigenin Chemistry

Flavonoids comprise a class of naturally-occurring phytochemicals in almost all plants tissues,
where they play different functions. For example, they protect plants from harmful sunlight radiation,
defend against pathogens and herbivory, regulate plant metabolism, and serve as visual attractors for
pollinators. Currently, more than 6000 different compounds belonging to the flavonoids have been
described [13]. Chemically, they can also be classified as polyphenols since they very often have one or
more hydroxyl substituents in their structure. They are composed of a flavane nucleus of 15 carbon
atoms (C6-C3-C6) and are diphenyl-propanoids (Figure 1). The C6 and C3 moieties are arranged to
form two fused rings in which the first is an oxygen-containing heterocycle and the second one is a
benzene ring constituting a phenylchromane nucleus (2,3-dihydro-2-phenylchroman-4-one). To the
base skeleton of phenylchromane a second phenyl substituent is linked and, according to the bond
position (C2, C3, C4), flavanes, isoflavanes, and neoflavanes (Figure 1), respectively, may be obtained.
On the other hand, on the basis of the substitution patterns (i.e., oxygenation) of the three rings,
several sub-classes of flavonoids can be formed (flavones, flavonols, flavanones, flavanonols, flavans,
flavan-3-ols, anthocyanidins, etc.) (Figure 1). Flavonoids may exist as both aglycones and prenylated
and methyl ethers, and in glycosylated forms with sugar residues that can be linked at several
positions of the three rings and form both O- and C-glycosides [14]. Apigenin (4′,5,7-trihydroxyflavone)
(Figure 2) is one of the most widespread flavonoids in plants and formally belongs to the flavone
sub-class. Plants belonging to the Asteraceae, such as those belonging to Artemisia [15], Achillea [16,17],
Matricaria [18], and Tanacetum [19] genera, are the main sources of this compound. However, species
belonging to other families, such as the Lamiaceae, for instance, Sideritis [20] and Teucrium [21,22],
or species from the Fabaceae, such as Genista [23], showed the presence of apigenin in the aglycone
form and/or its C- and O-glucosides, glucuronides, O-methyl ethers, and acetylated derivatives
(Figure 2). In some cases the chemotaxonomic relevance has also been demonstrated. In gymnosperms,
apigenin derivatives are mostly present in dimeric forms, with apigenin residues variously coupled,
e.g., with C-C linkage as in cupressuflavone and amentoflavone (I-8, II-8” and I-3′, II-8”, respectively),
or C-O linkage (I-4′, II-6”) as in hinokiflavone (Figure 2) [24–27]. Biogenetically, apigenin is a
product of the phenylpropanoid pathway and may be obtained from both phenylalanine and tyrosine,
two shikimate-derived precursors. From phenylalanine, cinnamic acid is formed by non-oxidative
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deamination and then by oxidation at C-4, which is then converted to p-coumaric acid, whereas from
tyrosine p-coumaric acid is formed directly by deamination. After activation with CoA, p-coumarate
is condensed with three malonyl-CoA residues and then subjected to aromatization by chalcone
synthase to form chalcone, which is further isomerized by chalcone isomerase to form naringenin;
finally, a flavanone synthase oxidizes naringenin to apigenin (Figure 3) [28–33]. Flavonoids, in general,
are widely known for their antioxidant properties and a huge number of reports in the literature
have reported the antioxidant properties of apigenin [34]. In addition, anti-hyperglycemic [35],
anti-inflammatory [36], and (in myocardial ischemia) anti-apoptotic effects [37] have been reported.
A recent review has summarized several of its biological effects such as cytostatic and cytotoxic
activities toward various cancer cells, anti-atherogenic and protective effects in hypertension, cardiac
hypertrophy, autoimmune myocarditis, among others [38]. The interest in the various biological
activities of apigenin is rising, and it has led to the development of efficient methods of extraction
from its natural sources, also with the use of modern extractive approaches, for instance dynamic
maceration process [39] and ionic liquid analogs (deep eutectic solvents) as unconventional extractive
solvents [40].
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Figure 1. Basic structure of the flavane, isoflavane, and neoflavane backbones, flavanone (2,3-dihydro-2-
phenylchroman-4-one) and of the various classes of flavonoids.
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Figure 2. Structures of apigenin and its glycosidic, glucuronide, acetylated, and methyl ester derivatives
together with some biflavonoids of apigenin.
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3. Apigenin Biological Potential: from Molecular Aspects to Health Promoting Targets

3.1. Apigenin as a Nutraceutical: Introduction of the Concept and its Absorption, Distribution, Metabolism,
and Excretion (ADME) Behavior

Among the wide variety of phenolic compounds, apigenin is one of the most renowned, with
countless nutritional and organoleptic characteristics. Nonetheless and more interestingly, it can also
contribute with its beneficial health properties, which could lead to a possible inclusion in nutraceutical
formulations [12,41]. Due to apigenin’s variety of pharmacological activities and importance for
human health, a deepen knowledge of its mechanism of action would be of utmost importance
for possible nutraceutical applications. The term nutraceutical, originally coined by Stephen De
Felice [42], is, in this context, intended as: (i) the phytocomplex for food or part of food of vegetal
origin; and (ii) the pool of secondary metabolites for food or part of food of animal origin [43].
This novel concept’ definition has been proposed to better evaluate the standard term of the word
nutraceutical, and to highlight the difference between nutraceuticals, food supplements, and the many
other plant-food-derived compounds that claim health-promoting effects. Nutraceuticals must be
administered in a proper pharmaceutical way to guarantee high bioavailability and efficacy, and used in
areas that go “beyond the diet and before the drugs” [44]. Nutraceuticals form a growing and powerful
toolbox that is triggering a revolution in the area of disease prevention and also in the treatment for
some clinical situations, in particular for individuals who may not yet be eligible for conventional
pharmaceutical therapy, e.g., with conditions linked to metabolic syndrome [43–47]. It is therefore
necessary to unequivocally determine the definition of nutraceuticals, and to have an internationally
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shared regulation framework. It would also be advisable to determine nutraceuticals’ safety, modes of
action and efficacy with clinical data before naming a product as “nutraceutical”, a term that must be
substantiated by safety, no side effects, and proven health beneficial properties [48,49].

Till now, little evidence reports apigenin adverse metabolic reactions; consequently, its
consumption through the diet is recommended. After ingestion, in order to exert its healing properties,
a bioactive compound like apigenin undergoes several metabolic pathways and its pharmacokinetic
behavior affects its tissue distribution and bioactivity. In nature, apigenin also occurs linked through
C-C or C-O-C bonds of dimeric forms. Between flavonoid aglycones and their glycosides there
are different pharmacokinetic behaviors and healing outcomes. The effect of the O-glycosylation
or C-glycosylation of apigenin can affect its metabolism in different ways and therefore affect its
antioxidant potential and biological benefits. Cai et al. [50] reported a decrease in its antioxidant
potential in vitro assays due to O-glycosylation of apigenin. Regarding the bioavailability of the
apigenin-C-glycosides, Angelino et al. [51], reported the unchanged absorption of vitexin-2-O-xyloside
(VOX), an apigenin-8-C-glucoside in a rat model. The apigenin-8-C-glycoside undergoes enterohepatic
recirculation in addition to hydrolysis to the monoglycoside, reduction, and conjugation to form a
bioavailable glucuronide.

A high number of studies carried out over the years have indicated that apigenin has many
interesting pharmacological activities and nutraceutical potential. As an example, its properties as
an antioxidant are well known, and it can also be a therapeutic agent to overcome diseases like
inflammation, autoimmune, neurodegenerative disease, and even several types of cancers. It has
a low intrinsic toxicity on normal versus cancerous cells, compared with other structurally related
flavonoids [52,53]. Notwithstanding its importance, there is a lack of research related to beneficial
health potential of apigenin for humans with respect, for example, to inflammation or cognitive
performance, another relevant potential application of this substance. This is probably due to
the fact that, despite the numerous positive effects, apigenin has a very low solubility in water
(1.35 µg/mL) and high permeability [54]. This may limit the use of apigenin in in vivo studies. Several
approaches to improve its solubility, including different delivery systems (liposomes, polymeric
micelles, nanosuspension, and so on) [55–58], showed how solid dispersion for enhancing the
solubility and dissolution of drugs with poor water solubility improved stability as well as dosing [58];
in particular, different injectable nanosized drug delivery systems have been developed, suggesting
that nanocapsules may be a good approach to prolong apigenin’ pharmacological activity [59]. On the
other hand, Azzini et al. [60] highlighted the low bioavailability and high metabolic transformation
of some food components as an unsolved issue on the way to demonstrate a clear structure-function
relationship in regulating cellular physiology.

3.2. Healing Properties of Apigenin: An Overview

In recent years interest in apigenin as a beneficial and health-promoting agent has grown.
Recently Kashyap et al. [61] summarized the multiple therapeutic functions of apigenin by in vitro

and in vivo systems. The different mechanisms underlying the potential therapeutic action of apigenin
were explored, including cell cycle arrest, apoptosis, anti-inflammatory, and antioxidant function.
Apigenin induces cell cycle arrest at different proliferation stages including G1/S-phase or G2/M
phase by modulating the expression of different CDKs and other genes [62–64]. It is known that
apigenin can regulate intrinsic apoptotic pathways, changing mitochondrial membrane potential and
causing the release of cytochrome C in the cytoplasm, which subsequently forms APFA, activates
caspase 3, and turns on apoptosis [65]. Otherwise, apigenin regulated extrinsic apoptotic pathways
by involving caspase-8 activation. In cancer cells, apigenin activates apoptosis by modulating Bcl-2,
Bax, STAT-3 and Akt proteins expression [66,67]. Apigenin promotes different anti-inflammatory
pathways, including p38/MAPK and PI3K/Akt, as well as prevent the IKB degradation and nuclear
translocation of the NF-κB, and reduce COX-2 activity [68–70]. In human cell cultures, apigenin has
demonstrated the ability to inactivate nuclear factor kappa-light-chain-enhancer or to activate B cells
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(NF-κB), mediated by suppression of LPS-induced phosphorylation of the p65 subunit [71]. It is
believed that apigenin decreases the expression of adhesion molecules, which is a defensive strategy
against oxidative stress, such as free-radical scavenging [72]. Apigenin enhances the expression of
anti-oxidant enzymes such as GSH-synthase, catalase, and SOD to counteract cellular oxidative and
electrophilic stress. It also enhances the expression of phase II enzyme encoding genes by blocking
the NADPH oxidase complex and their downstream target inflammatory genes and by increasing
the expression of nuclear translocation of Nrf-2 [73–75]. Apigenin is also reported to induce the
inhibition of metastasis and angiogenesis by interacting with the signaling molecules in the three major
mitogen-activated protein kinase (MAPK) pathways: extracellular-signal-regulated kinase (ERK), c-Jun
N-terminal kinases (JNK), and p38 in human cell culture models [76]. It is known that apigenin strongly
decreased levels of interleukin 6 (IL-6), which in general acts as both a pro-inflammatory cytokine
and an anti-inflammatory myokine, in lipopolysaccharide (LPS)-activated mouse macrophages. This
flavonoid is also known for suppressing cluster of differentiation 40 (CD40), tumor necrosis factor
(TNF-α), and IL-6 production via inhibition of interferon gamma (IFN-γ)-induced phosphorylation of
signal transducers and activators of transcription 1 (STAT1) in murine microglia [77].

Furthermore, after absorption into the digestive tract, apigenin is able to reach the brain through
the circulatory system, where it can cross the blood-brain barrier before exerting its affinity with the
GABAA-receptor and acting on the CNS, despite its action at the level of improving the clinical
use of benzodiazepines is not clear [78–80]. Sloley et al. [81] reported the in vitro inhibition of
rat-brain monoamine oxidases (MAOs) by apigenin, a family of enzymes of flavin-containing amine
oxidoreductases, present in human neurons and astroglia. Unregulated MAO activity could be
responsible for a number of psychiatric and neurological disorders and their inhibitors, like apigenin,
work as antidepressant and antianxiety agents, as well as to treat Alzheimer’s and Parkinson’s disease.

Even though there has been a relatively large number of in vitro studies on apigenin properties,
the number of in vivo studies using the mouse, rat, or hamster as a model is relatively small. The
situation is even more unfavorable for clinical trials involving people. The number of such studies is
extremely small, in particular in the case of the effect of this compound on cancer, which may be due
to, among other factors, the ethical aspects. We summarized the main results reviewed in separate
figures for animal (Figure 4A–C) and human (Figure 5) studies, respectively.
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