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Abstract: Naringin and naringenin are the main bioactive polyphenols in citrus fruits, the consump-
tion of which is beneficial for human health and has been practiced since ancient times. Numerous
studies have reported these substances’ antioxidant and antiandrogenic properties, as well as their
ability to protect from inflammation and cancer, in various in vitro and in vivo experimental models
in animals and humans. Naringin and naringenin can suppress cancer development in various body
parts, alleviating the conditions of cancer patients by acting as effective alternative supplementary
remedies. Their anticancer activities are pleiotropic, and they can modulate different cellular signaling
pathways, suppress cytokine and growth factor production and arrest the cell cycle. In this narrative
review, we discuss the effects of naringin and naringenin on inflammation, apoptosis, proliferation,
angiogenesis, metastasis and invasion processes and their potential to become innovative and safe
anticancer drugs.
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1. Introduction

Cancer is a complex pathology in which abnormal cells grow due to the disruption
of normal proliferation and cell cycle processes, forming tumors that spread and invade
other body parts [1,2]. Environmental factors, such as ultraviolet rays, pollution, radiation,
smoking and stress, lead to internal changes, such as oxidative stress, impaired apoptosis
and increased rates of genetic mutations [3]. Anticancer therapy is often complicated due
to the ability of cancer cells to resist drugs and the therapy’s severe side effects [4].

Inclusion of greater amounts of fruits and berries, especially citrus fruits, in the human
diet is suggested to help in cancer prevention and to suppress cancer growth [5–7]. The
main active compounds of fruits are the polyphenolic compound flavonoids. In various
studies, flavonoids were found to be capable of demonstrating strong anticancer effects
by acting as antioxidants; modulating ROS-scavenging enzyme activity; upregulating
apoptosis, autophagy and cell cycle arrest; and downregulating inflammation, proliferation
processes and metastasis formation [8–13]. Naringin and naringenin, which belong to a
subclass of flavonoids known as flavanones, are the main bioactive compounds in citrus
fruits, and they are known for their beneficial effects on human health, which have been
summarized in several recent reviews [4,14–18]. However, the mechanisms of the anticancer
effects of naringin and naringenin have not yet been fully clarified, and they are under
extensive investigation. Therefore, in this work, we provide an overview of the effects of
naringin and naringenin on inflammation and cancer signaling pathways and their possible
targets in tumor cells.
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2. Chemical Properties, Pharmacokinetics and Bioavailability of Naringin
and Naringenin

Naringin (4′,5,7- trihydroxyflavanone-7-rhamnoglucoside) and its aglycone form narin-
genin (Figure 1) belong to the flavonoid class known as flavanones and are found mainly
in citrus fruits, including lemon, orange, mandarin and grapefruit [19].
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Figure 1. Chemical structure of naringin (a) and naringenin (b).

The structure of flavanones differs from that of other flavonoids due to there being a
chiral carbon at the C2 position and no substitution at the C3 position [17,20]. Naringin
has a traditional flavonoid structure: three rings (two of them benzene rings) connected by
a three-carbon chain, and two rhamnose units attached at the C7 [14,17,20]. Flavanones
demonstrate potent antioxidant activity [21], which depends on the number and configura-
tion of functional hydroxyl groups, responsible for free radical scavenging and metal ion
chelating activities [22]. The 7-OH, 4′-OH and 5-OH groups, the 4(=O) carbonyl group on
the C ring and the 5-OH group on the A ring are responsible for the antioxidant activity of
naringenin [23], which is not as strong as that of other flavonoids due to the absence of the
C2=C3 double bond [24].

The pharmacokinetic properties and bioavailability of naringin and naringenin have
recently been thoroughly reviewed in [14,17]. To summarize briefly, in the human body,
naringin is poorly absorbed through the gastrointestinal tract and epithelial cells of the oral
cavity and of the small intestine, and intestinal microorganisms generally convert it to its
aglycone form, naringenin [25]. The oral bioavailability of naringin is about 5–9% [26] at
a dose of 50 mg equivalent to aglycone, whereas the Cmax value is about 5.5 h [27]. The
oral bioavailability of naringenin is around 15%, and only low amounts are absorbed in
the human gastrointestinal tract due to its low solubility [28]. Naringin and naringenin
are distributed in the lungs, trachea, gastrointestinal tract, liver and kidneys [29]. In the
intestinal and liver cells, naringin and naringenin undergo phase I (oxidation or demethy-
lation by cytochrome P450 monooxygenases) and phase II (glucuronidation, sulfation or
methylation) metabolism [14]. Excretion is mainly through urine, and some metabolites are
found also in feces. Milk proteins and bulky dietary fibers might reduce the bioavailability
of naringin and naringenin [30].

Naringin is a relatively safe and nontoxic bioactive compound [31]. In commercial
citrus juices, the concentration of naringin is between 50 and 1200 mg/L [32]. The oral
no observed adverse effect level (NOAEL) of naringin is approximately 200 mg/kg in
humans [33]. The therapeutic concentration of naringenin has been shown to be ~300 mg,
taken twice daily, resulting in 8 µM of naringin in the blood, which demonstrates beneficial
effects for human health [34].

3. Anticancer Activities of Naringin and Naringenin

At least 20% of cancers cases are associated with long-term inflammation. Chronic
unregulated inflammation causes constant production of harmful ROS, which can cause
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DNA damage and genome changes, leading to the onset of tumor growth. On the other
hand, inflammatory mediators, such as IFN-γ, TNF, IL-1α/β and IL-6, or transforming
growth factors, such as cytokines and vascular endothelial growth factor (VEGF), stimulate
a process improving tumor growth blood supply [35,36]. In addition, the primary inflam-
matory pathway, NF-κB, plays an essential role in the survival of cancer cells by allowing
these cells to avoid apoptosis. Naringin and naringenin have been shown to use various
mechanisms to interfere with cancer development, promotion and progression, modulat-
ing several unregulated signaling pathways associated with inflammation, proliferation,
apoptosis, autophagy, angiogenesis, invasion and metastasis [37] (Table 1).

Table 1. The main anticancer effects of naringin and naringenin.

Flavanones Pathway Main Effect References

Breast Cancer

Naringenin ERK Inhibition of tumor
growth [38]

Naringin ERK

Inhibition of cell
proliferation and
promotion of cell

apoptosis

[39]

Naringenin ROS Inducement of apoptosis [30]
Lung Cancer

Naringenin AKT/MMP Inhibition of tumor
growth and metastasis [40]

Naringin ROS Inducement of apoptosis [17,41]
Gastric Cancer

Naringenin MMP
Inhibition of

chemical-induced cell
invasion and metastasis

[42,43]

ROS
Inhibition of all

proliferation and
inducement of apoptosis

[42]

Naringin PI3K/AKT

Blocking of the
PI3K/AKT pathway and
activation of pro-death

autophagy

[44,45]

Colorectal Cancer

Naringenin NF-kB/p65 Inducement of apoptosis
and cell cycle arrest [46]

Naringin PI3K/AKT/mTOR

Inhibition of cell
proliferation and
promotion of cell

apoptosis

[47]

Prostate Cancer
Naringenin ERK Invasion and migration [48]

Naringin (PI3K)/AKT
Inducement of apoptosis
and cell cycle arrest in G1

phase
[49]

Most chemotherapeutic drugs work against cancer because they help with cell apopto-
sis. However, the devastating effects of chemotherapy also affect healthy cells—i.e., the
gastric mucosa, hair follicles and bone marrow cells—which limits their normal function-
ing [36]. Therefore, toxicity is the most limiting symptom associated with chemotherapeutic
agents of synthetic origin. Some therapeutically active components originating from plants
may be toxic [50], while others with lower toxicity might help to increase the efficacy of
typical chemotherapy treatments [51] or, due to their antioxidant and anti-inflammatory
effects, might decrease or prevent tumor growth [52].

The anticancer potential of the flavanones, such as naringin and naringenin, has
been widely discussed worldwide. Several cellular signaling pathways mediate the anti-
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carcinogenic activity flavanones. Recently, combination therapy integrating naringin and
naringenin with current anticancer drugs has become more commonly used and demon-
strated more synergistic effects than monotherapy. According to Fayung Zhang et al.,
naringin and naringenin can inhibit the resistance of cancer to many drugs, which is one
of the most significant barriers to clinical treatment [17,21]. Inhibition of signal transduc-
tion pathways, such as vascular endothelial growth factor (VEGF) (which is capable of
reducing cancer cell blood supply), FAK (PTK2); MMPS and Zxb1, reduces the formation
of metastases. Overexpression of epidermal growth factor receptor (EGFR) is related to
the development of a wide variety of tumors. Interruption of EGFR signaling can prevent
the growth of EGFR-expressing tumors and improve the health of patients. For example,
Zhao et al. reported that naringenin suppressed the migration of breast cancer cells by sus-
pending the cell cycle at the G0/G1 phases [30]. Alternatively, the activation process—for
example, that of the tumor protein P53—has been described as a “genome guardian”, and
it is essential to maintain its stability by preventing mutations in the genome. In addition,
sequential activation of caspases plays a vital role in cell apoptosis processes (Figure 2).
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Figure 2. Anticancer effects of naringin and naringenin. VEGF—vascular endothelial growth factor;
FAK—focal adhesion kinase, also known as PTK2 protein tyrosine kinase 2; MMPs—matrix metallo-
proteinases; Zxb1—gene encoding a zinc finger transcription factor that regulates the transcriptional
repression of interleukin 2 [53]; EGFR—epidermal growth factor receptor; PI3K—phosphoinositide
3-kinase; NF-κB or NF-kappaB—a complex of proteins that control DNA transcription, cytokine
production and cell survival; mTOR—the mammalian target of rapamycin; RAF or c-RAF—proto-
oncogene serine/threonine-protein kinase, an enzyme encoded by the RAF1 gene in humans; MEK—
mitogen-activated protein kinase; RAF—extracellular signal-regulated kinase; ERK1/2—extracellular
signal-regulated kinase 1/2; TP53—tumor protein P53, also known as p53 and cellular tumor antigen
p53; Bax and Bak—members of the Bcl-2 family and core regulators of the intrinsic pathway of
apoptosis; Cyc c—the cytochrome complex, a small hemoprotein that is freely bound to the inner
mitochondrial membrane, belongs to the cytochrome c protein family and plays an essential role in
cell apoptosis; BID—BH3 interacting-domain death agonist, a gene and a pro-apoptotic member of
the Bcl-2 protein family; Caspase-8—a caspase protein encoded by the CASP8 gene; TNF-α—tumor
necrosis factor-alpha.
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Therefore, these flavanones might have potential as bioactive compounds for use in
alternative therapies to treat and prevent different types of cancers.

3.1. Effects of Naringin and Naringenin on Inflammation

Inflammation has an important role as the main adaptive defense mechanism against
infection or injury [54]. During inflammation, macrophages produce cytokines, such as
interleukin-IL, tumor necrosis factor (TNF)-α and interferon (IFN)-γ, and other inflam-
matory mediators, such as nitric oxide (NO) and prostaglandins (PG) [55]. Excessive
production of these cytokines and anti-inflammatory mediators contributes to various
inflammatory diseases, such as atherosclerosis, rheumatoid arthritis, asthma, pulmonary
fibrosis and septic shock [56]. Pathogens and host-derived molecules, such as lipopolysac-
charides and interferon (IFN-β), stimulate macrophages to release inflammatory mediators,
such as NO, prostaglandin E2 (PGE2) and reactive oxygen species (ROS), as well as inflam-
matory mediators, such as inducible nitric oxide synthase (iNOS) and cyclooxygenase-2
(COX-2). Naringin and naringenin were capable of modulating the activity of human
macrophages, thus reducing inflammation [57,58]. Inhibition of these inflammatory media-
tors is an important target when treating a disease with anti-inflammatory components [59].
Moreover, chronic diseases, such as cancer, diabetes, cardiovascular disorders, autoimmune
diseases and neurodegenerative disorders, result from tissue damage and genome changes
caused by persistent low-grade inflammation in and around the affected tissue or organ.
Existing treatments for many chronic diseases sometimes have a more substantial effect
than the disease itself; therefore, patients need safer, less toxic and more cost-effective
treatment alternatives. Flavonoids and their preparations have been used for centuries to
treat various human diseases, and their use has persisted to this day [35].

Increasing scientific evidence suggests that polyphenolic compounds, such as flavonoids
in fruits, vegetables, legumes or cocoa, may have anti-inflammatory properties [60]. The fla-
vanones naringin and naringenin have various anti-inflammatory properties and act via the
inhibition of regulatory enzymes [58,61,62], changes in arachidonic acid metabolism [61–64],
modulation of gene expression [65], and effects on transcription factors that play essential
roles in controlling mediators involved in inflammation [66]. Naringin and naringenin are
also powerful antioxidants that can destroy free radicals and attenuate their formation [67].
They also significantly affect the immune cells and immune mechanisms that are important
in inflammatory processes (Figure 3).
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Experiments in vitro have demonstrated that naringenin significantly eliminated coli-
tis in an induced murine colitis model. The effects of naringenin treatment could be linked,
at least in part, to the inhibition of TLR4 protein and NF-kB activity, the downregulation of
the expression of inflammatory mediators (iNOS, ICAM-1, MCP-1 Cox2, TNF-a, IL-6) and
the inhibition of the production of inflammatory cytokines (TNF-a and IL-6) [46]. A recent
study has shown the anti-inflammatory effects of hesperidin and naringin in diabetic rats.
Both flavonoid compounds decreased the levels of circulating proinflammatory cytokines
and downregulated the expression of IL-6 in adipose tissue [68]. The anti-inflammatory
effects of flavonoids may also be attributed to their ability to bind cyclooxygenases (Coxs).
Coxs catalyze the transition of arachidonic acid into prostaglandins and thromboxanes.
For example, COX-2 produces prostaglandins for the induction of inflammation and pain.
Studies have demonstrated the ability of flavanones to bind COX-2, which can help develop
potent inhibitors for the treatment of inflammation [69].

In in vivo studies, naringin decreased airway inflammation and activated pul-
monary endothelial hyperpermeability via modulation of aquaporin1 in lipopolysaccha-
ride/cigarette smoke-induced mice [70]. In mouse models of arachidonic acid (AA)- and
tetradecanoylphorbol-13-acetate (TPA)-induced ear edema, naringin and naringenin ex-
erted topical anti-inflammatory and anti-allergic activities [64]. Furthermore, in a rat
model of cyclophosphamide-mediated hepatotoxicity, naringin decreased oxidative stress,
fibrosis and inflammation [71]. In a model of 1,2-dimethyhydrazine (DMH)-induced pre-
cancerous lesions in the colons of Wistar rats, naringenin decreased lipid peroxidation,
ROS generation, lesion formation and levels of TNF-α [72]. Thus, flavanones could act as
anti-inflammatory agents in various in vitro and in vivo models of inflammation.

3.2. Effects of Naringin and Naringenin on Autophagy

Macroautophagy, or simply autophagy (ATG), is an essential “self-eating” process that
cells perform to allow degradation of intracellular components, including soluble proteins,
aggregated proteins, organelles, macromolecular complexes and foreign bodies [73]. Au-
tophagy is primarily a cytoprotective mechanism [74]. However, excessive self-degradation
can be deleterious. Meanwhile, autophagy dysfunction is associated with various human
pathologies, including cancer, aging and metabolic diseases, such as diabetes and lung,
liver and heart diseases [75].

External stimuli, such as nutrient deficiency, hypoxia, cytokines, hormones, DNA
damage, and mTOR inhibition, lead to inducement of autophagy (Figure 4).
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molecule required for autophagosome formation.

Autophagy characterizes anticancerogenic effects in normal cells and inhibits malig-
nant cell transformation. However, degeneration of autophagy is associated with gene
disorders, cellular metabolism, tumor-immune care, invasion and metastasis and tumor
drug resistance [76]. Therefore, drugs that target autophagy can act as antitumor drugs. The
mechanisms of flavonoids’ regulation of autophagy vary across different tumor cells. Multi-
ple flavanones regulate the autophagy of tumor cells by targeting the mTOR signal pathway
or stimulate autophagy by targeting apoptosis-related proteins or HMGB1(HMGB1 is se-
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creted by immune cells, such macrophages, monocytes and dendritic cells) to regulate the
interaction between Bcl-2 and Beclin-1 [77]. Blc-2 family proteins control the release of
cytochrome c during mitochondrial dysfunction. Beclin-1 can be upregulated to activate
the autophagy pathway using autophagy-related genes (ATG) and protein products. The
essential step in autophagosome formation is the cleavage of LC3. Naringenin increases
the level of protein LC3 and the expression of ATG5, Beclin-1 and p62 and has shown
significant results in osteosarcoma treatment [76].

Previous studies have confirmed that autophagy is an essential signal downstream of
the PI3K/AKT/mTOR pathway that is involved in drug-induced cancer cell apoptosis [78].
It activates autophagy by inhibiting the PI3K/AKT signal, thereby inhibiting the growth
of gastric cancer cells. The protective effects of naringin and naringenin result from the
activation of the PI3K-Akt-mTOR pathway and the inhibition of autophagy [78]. Further-
more, studies have demonstrated that naringin has an impact on autophagosome formation.
Previous research showed that naringin induced autophagy by increasing Beclin-1 protein,
including converting cytosolic LC3-I protein to autophagic isoform LC3-II [45].

Therefore, flavanones cause cancer cell death by inhibiting autophagy through signal-
ing pathways, which significantly impacts the further treatment of tumors, especially in
combination with other chemical preparations.

3.3. Effects of Naringin and Naringenin on Apoptosis

Apoptosis, also known as “self-killing” is a form of type I programmed cell death.
The intracellular death program is activated when the cells are no longer needed. Apop-
tosis sustains cell populations and is associated with tissue growth, development and
aging [79]. Apoptosis is also appears a defense mechanism under pathological conditions.
For example, when cells are too damaged to recover, they experience apoptosis through
caspase-dependent and -independent mechanisms.

Apoptosis mainly consists of two main pathways—extrinsic and intrinsic. Extrinsic
pathways are triggered by external stimuli or ligand molecules and involve death receptors
(DRs). The intrinsic pathway is mediated by Bax/Bak insertion into the mitochondrial
membrane. Subsequently, Cyc c is released, which combines with Apaf-1 and procaspase-9
to produce apoptosome, and this is followed by the activation of caspase-3,6,9 cascades of
apoptosis. Epidemiological studies have clarified the beneficial effects of dietary polyphe-
nols (flavonoids) in reducing the risk of chronic diseases, including cancer [9,80]. Cancer
cells are resistant to apoptosis, which is a form of programmed cell death commonly caused
by signal transduction pathways, pro-apoptotic proteins, caspases and Bcl-2 family pro-
teins. During the last few years, it has been shown that flavonoids can cause apoptosis
by modulating several essential elements in cellular signal transduction pathways linked
to apoptosis (caspases and Bcl-2 genes). In addition, flavanones such as naringin and
naringenin have shown great potential as cytotoxic anticancer agents, promoting apoptosis
in cancer cells [9] (Figure 5).



Biomedicines 2022, 10, 1686 8 of 16Biomedicines 2022, 10, x FOR PEER REVIEW 8 of 16 
 

 
Figure 5. Naringin and naringenin targets in extrinsic and intrinsic apoptosis pathways. Red arrows 
show the effects of flavonoid activation and blue the effects of flavonoid suppression. The intrinsic 
or mitochondrial apoptosis pathway is initiated by releasing cytochrome c (Cyt c) to the mitochon-
dria, which binds to apoptotic protease activating factor 1 (Apaf-1), and procaspase-9 to form the 
apoptosome. Then, caspase-9 is cleaved, and effector caspases are activated. The extrinsic or cyto-
plasmatic apoptotic pathway is activated at the cell surface by binding a specific ligand to its corre-
sponding cell surface death receptor. Death receptors promote the recruitment of adapter proteins, 
which can interact with caspase-8 to generate its active form. Caspase-8 can also interact with the 
intrinsic apoptotic pathway by splitting pro-apoptotic proteins (tBid), which results in cytochrome 
c release. Anti-apoptotic members of the Bcl-2 family (B-cell lymphoma protein 2 (Bcl-2) and Bcl-2 
homolog splice variants (Bcl-xL)) can block apoptosis, but its pro-apoptotic members (Bax and tBid) 
can also regulate programmed cell death. Other mitochondrial proteins can inhibit both initiator 
and effector caspases [81]. 

In the results from across different studies, flavanone naringenin could induce apop-
tosis through increased p53 expression, induced Bax and caspase-3 cleavage, downregu-
lated Bcl-2 and survived in the SGC-7901 cell line. In addition, the naringenin-induced 
extrinsic apoptotic pathway was related to the over-expression of TNF- family proteins 
[82]. Furthermore, it has been reported that naringenin inhibited the migration of breast 
cancer MDA-MR-231 cell lines via modulation of inflammatory and apoptotic signaling 
pathways [43]. Finally, naringenin also inhibited the migration and invasion of glioblas-
toma cells due to inhibition of ERK and p38 activities [83]. In conclusion, both naringin 
and naringenin have potent effects on apoptotic actions. 

3.4. Effects of Naringin and Naringenin on Proliferation 
Cell proliferation is a crucial process in homeostasis, and cell development is tightly 

regulated to ensure specific genome duplication. Loss of cell cycle control leads to the 
proliferation of cancer cells [84]. Targets such as the JAK/STAT, PI3K/Akt and mTOR, 
Notch, NK -kB and COX-2 signaling pathways are essential for the regulation of various 
cytokines and growth factors that affect many essential cellular functions and promote 
cell proliferation, growth and differentiation, as well as migration, inflammation, immune 
response and apoptosis (Figure 6). Inappropriate signaling in the JAK/STAT pathway is 
associated with cancer progression and metastasis. JAK/STAT signaling is activated by 
interleukin-6 (IL-6). In addition, the STAT protein STAT3 can promote the proliferation of 

Figure 5. Naringin and naringenin targets in extrinsic and intrinsic apoptosis pathways. Red
arrows show the effects of flavonoid activation and blue the effects of flavonoid suppression. The
intrinsic or mitochondrial apoptosis pathway is initiated by releasing cytochrome c (Cyt c) to the
mitochondria, which binds to apoptotic protease activating factor 1 (Apaf-1), and procaspase-9 to
form the apoptosome. Then, caspase-9 is cleaved, and effector caspases are activated. The extrinsic
or cytoplasmatic apoptotic pathway is activated at the cell surface by binding a specific ligand to
its corresponding cell surface death receptor. Death receptors promote the recruitment of adapter
proteins, which can interact with caspase-8 to generate its active form. Caspase-8 can also interact
with the intrinsic apoptotic pathway by splitting pro-apoptotic proteins (tBid), which results in
cytochrome c release. Anti-apoptotic members of the Bcl-2 family (B-cell lymphoma protein 2 (Bcl-2)
and Bcl-2 homolog splice variants (Bcl-xL)) can block apoptosis, but its pro-apoptotic members (Bax
and tBid) can also regulate programmed cell death. Other mitochondrial proteins can inhibit both
initiator and effector caspases [81].

In the results from across different studies, flavanone naringenin could induce apopto-
sis through increased p53 expression, induced Bax and caspase-3 cleavage, downregulated
Bcl-2 and survived in the SGC-7901 cell line. In addition, the naringenin-induced extrinsic
apoptotic pathway was related to the over-expression of TNF- family proteins [82]. Fur-
thermore, it has been reported that naringenin inhibited the migration of breast cancer
MDA-MR-231 cell lines via modulation of inflammatory and apoptotic signaling path-
ways [43]. Finally, naringenin also inhibited the migration and invasion of glioblastoma
cells due to inhibition of ERK and p38 activities [83]. In conclusion, both naringin and
naringenin have potent effects on apoptotic actions.

3.4. Effects of Naringin and Naringenin on Proliferation

Cell proliferation is a crucial process in homeostasis, and cell development is tightly
regulated to ensure specific genome duplication. Loss of cell cycle control leads to the
proliferation of cancer cells [84]. Targets such as the JAK/STAT, PI3K/Akt and mTOR,
Notch, NK -kB and COX-2 signaling pathways are essential for the regulation of various
cytokines and growth factors that affect many essential cellular functions and promote
cell proliferation, growth and differentiation, as well as migration, inflammation, immune
response and apoptosis (Figure 6). Inappropriate signaling in the JAK/STAT pathway is
associated with cancer progression and metastasis. JAK/STAT signaling is activated by
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interleukin-6 (IL-6). In addition, the STAT protein STAT3 can promote the proliferation of
cancer cells. Inhibition of JAK1 and JAK2 kinases may reduce STAT3 activity and block its
dimerization and nuclear transfer [17,85].
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Figure 6. The primary mechanisms of flavanones in the proliferation pathway. JAK—Janus ki-
nase, a family of intracellular, non-receptor tyrosine kinases that transduce cytokine-mediated
signals via the JAK-STAT pathway; STAT—transcription factors; PI3K—phosphatidylinositide
3-kinase; AKT—protein kinase B, a significant mediator of cell survival; mTOR—the mam-
malian target of rapamycin; NF-κB—nuclear factor-kappa-light-chain-enhancer of activated B cells;
COX-2—cyclooxygenase 2; Notch—the Notch signaling pathway, a highly conserved cell signaling
system present in most animals.

PI3K/Akt and mTOR pathways are important for cell proliferation, metabolism and
survival under physiological and pathological conditions. PI3K enzymes are vital in
activating the PI3K/Akt/mTOR pathway because they catalyze the generation of PIP3
from PIP2. Akt has many substrates that mediate cellular functions such as angiogenesis,
metabolism, growth, proliferation, survival, protein synthesis, transcription and apoptosis.
mTOR consists of two distinct functional complexes, mTORC1 and mTORC2, which are
involved in the metastasis cascades of cell growth, proliferation, motility, survival, invasion
and migration. Akt activates mTOR through at least two mechanisms, namely direct
activation or indirect activation [44,47].

The Notch signaling cascade is essential for cell proliferation, differentiation, develop-
ment and homeostasis, and abnormal Notch signaling is associated with various cancers,
such as prostate, breast, colon, and lung cancers, and T-cell leukemia central nervous
system malignancies [86].

NF-κB proteins are a group of rapidly acting primary transcription factors that control
a wide range of cellular processes, such as inflammatory and immune responses, develop-
mental processes and cell growth, proliferation, survival and apoptosis. These transcription
factors are activated by various stimuli, including cytokines, free radicals, bacterial and
viral infections, UV radiation and carcinogens. In addition, NF-κB is a significant regulator
of COX-2 expression, acting as a transactivator of the COX-2 promoter, and is involved in
the activation of COX-2 in cancer cells [36,55].
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Cancer is characterized by uncontrolled proliferation and an impaired cell cycle,
leading to abnormal invasion and metastasis [2,9]. Cancer cells are characterized by var-
ious mutations that ignore antiproliferative signals and, thus, contribute to proliferative
growth. Meanwhile, flavonoids have a wide variety of anticancer effects: they modulate
ROS-scavenging enzyme activities, contribute to arresting the cell cycle, induce apop-
tosis autophagy and suppress cancer cell proliferation and invasiveness. Furthermore,
flavonoids act as pro-oxidants and may suppress proliferation of cancer cells through
the inhibition of epidermal growth factor receptor and mitogen-activated protein kinase
(EGFR/MAPK), as well as phosphatidylinositide 3-kinase (PI3K), protein kinase B (AKT)
and nuclear factor-kappa-light-chain-enhancer of activated B cells (NF-κB). For example,
in various tumor cell types, flavanone naringenin has a strong inhibitory effect on the
PI3k/AKT/mTOR signaling pathway [47]. The results of previous studies have demon-
strated that naringin inhibited the proliferation of CRC cells in a dose-dependent manner.
In addition, naringin promoted the apoptosis of CRC cells and inhibited the activation of
the PI3K/AKT/mTOR signaling pathway in a dose-dependent manner [87].

Based on the evidence obtained in one study, it was found that one of the flavanones,
naringenin, could inhibit the proliferation of an HT-29 colon cancer cell line at concentra-
tions of 0.71–2.85 mM [85]. Furthermore, Kawaii et al. found significant antiproliferative
activity in naringin and naringenin at concentrations >0.04 mM for all four cancer cell lines
studied. In addition, naringin was a weaker cell proliferation inhibitor than its aglycone
form naringenin [2].

A growing number of studies provide evidence that naringin and naringenin inhibit
cell proliferation, migration and invasion and increase apoptosis of cancer cells in in vitro
and in vivo models of cancer, therefore demonstrating substantial anticancer effects on
several types of human cancer, such as bladder, hepatocellular, breast, colorectal and gastric
cancers [66].

3.5. Effects of Naringin and Naringenin on Angiogenesis

Neoangiogenesis is required for tumor development and progression. Vascular prolif-
eration occurs in many solid tumors due to the production of angiogenic factors, especially
vascular endothelial growth factor [88]. Mice with subcutaneous gliomas treated with
naringin (120 mg/kg/day) were assayed using the endothelial HUVEC cell line for tube
formation and migration and demonstrated suppressed tube formation and reduced cell
invasion [89]. Furthermore, in an in vitro model, naringin at 0.1 µmol/L inhibited vas-
cular endothelial growth factor release from MDA human breast cancer cells and from
U-343 and U-118 glioma cells [88]. Malignant melanoma is one of the most deadly skin
cancers due to its aggressive proliferation and metastasis [90]. In vitro and ex vivo angio-
genesis assays demonstrated that naringenin treatment potently suppressed endothelial
cell migration, tube formation and sprouting of microvessels in a dose-dependent man-
ner in B16F10 and SK-MEL-28 cells [90]. In a human endothelial cell model, naringenin
treatment suppressed angiogenesis in vitro, as evaluated by proliferation, apoptosis, mi-
gration and tube-formation assays [91]. The chick chorioallantoic membrane (CAM) assay
showed that naringenin also inhibits physiological angiogenesis in vivo, reducing CAM
neovascularization [91].

3.6. Effects of Naringin and Naringenin on Metastasis and Invasion

Cancer cells are able to invade local tissues via an invasion process and migrate from
their original sites to distant ones, where they establish new tumors via the metastasis
process [92]. Once a cancer spreads, it is harder to eliminate it [93].

Naringin (10 or 20 µM) suppressed proliferation and invasion in human osteosar-
coma MG63 cells by inhibiting zinc finger E-box binding homeobox 1, a transcriptional
repressor of epithelial differentiation involved in tumor metastasis, resulting in downreg-
ulation of cyclin D1 and matrix metalloproteinase 2 (MMP-2) [94]. Naringin (5–20 µM)
suppressed invasion and adhesion of human glioblastoma U87 cells, as assessed by the
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Matrigel transwell, cell adhesion and wound-healing assays [52]. A gelatin zymography
assay and Western blot analyses demonstrated that its mechanism of action was related to
the decreased enzymatic activities and protein levels of MMP-2 and MMP-9, and it also
reduced the protein phosphorylation of extracellular signal-regulated kinase (ERK), p38
mitogen-activated protein kinase and c-Jun N-terminal kinase [52]. At noncytotoxic concen-
trations (3–30 µM), naringin downregulated vascular cell adhesion molecule-1 (VCAM-1)
by increasing miR-126, thus suppressing the migration and invasion of the cells in chon-
drosarcoma, a primary malignant bone cancer that is highly invasive and tends to form
distant metastases, especially in the lungs [95].

Naringenin at 500 µM inhibited human two-pore channel 2, thus inhibiting the pro-
gression and reducing the metastatic potential of melanoma [96]. Naringenin (20–160 µM)
suppressed the cell migration and cell invasion tendencies of MDA-MB-231 breast cancer
cells, as assessed by a transwell assay [97]. Transforming growth factor β (TGF-β) has been
shown to promote tumor invasion and metastasis by activating the MMPs, although the sig-
naling mechanisms controlling this process have not yet been fully clarified [92]. Combined
therapy with a Smad7 agonist—asiatic acid (10 mg/kg/day intraperitoneally (i.p.) for
4 weeks)—and a Smad3 inhibitor—naringenin (50 mg/kg/day i.p. for 4 weeks)—restored
the balance between Smad3 and Smad7 signaling in the TGF-β-rich tumor microenviron-
ment and significantly suppressed tumor invasion and metastasis in mouse models of
melanoma and lung carcinoma [92]. Naringenin (100 and 200 µM, applied for 48 h) reduced
the expression of MMP-2 and MMP-9, thus decreasing human lung cancer proliferation,
migration and metastasis in vitro [98]. In a Boyden chamber analysis, 100, 200 and 300 µM
naringenin reduced migration and invasion of cells in glioblastoma, a brain cancer charac-
terized by high invasion and drug resistance [93]. In another study, 100, 200 and 300 µM
naringenin suppressed the activities of MMP-2 and MMP-9, as well as the ERK and p38
signaling pathway, in glioblastoma cells, thus preventing metastasis formation [93]. Narin-
genin (20, 40 and 80 µM) downregulated MMP-2 and MMP-9 and subsequently inhibited
migration in gastric cancer SGC-7901 cells [43]. Naringenin (50 µM and 100 µM) blocked
TGF-1/SMAD3 downstream signals, reduced the expression of mesenchymal markers and
attenuated MMP-2 and MMP-9 activities, consequently suppressing migration and inva-
sion in pancreatic cancer panc-1 and aspc-1 cells [99]. Naringenin (300 µM over a period of
24 h) decreased AKT and MMP-2 activities and inhibited migration of TSGH-8301 bladder
cancer cells [100] and proliferation of A549 lung cancer cells [40]. High concentrations of
naringenin (75 µM) inhibited cell proliferation, whereas low concentrations (5 and 10 µM)
decreased the motility of MAT-LyLu prostate cancer cells, which overexpress voltage-gated
sodium channels that modulate their metastatic activity [101]. Naringenin and naringin at
25, 50 and 100 µM suppressed the invasiveness of the human hepatoma cell lines HepG2,
Mahlavu and HA22T in a concentration-dependent manner, as assessed by transwell and
wound-healing assays [102]. Thus, both naringin and naringenin can suppress metastasis
and invasion of tumor cells in various cancer models in vitro and in vivo.

4. Conclusions and Future Perspectives

The flavanones naringin and naringenin, the main bioactive flavonoids in citrus fruits,
protect against cancer and suppress proliferation processes; they thus exhibit interesting
therapeutic potential for use as effective alternative remedies for oncological patients. Both
compounds could be used as adjuvant therapies due to their abilities to overcome resistance
to conventional chemotherapy and increase the efficacy of chemotherapeutic agents [103].

However, most investigations with pure naringin and naringenin are performed on
animals or in vitro. Therefore, well-controlled trials are needed to elucidate the potential
of these flavanones in clinical practice. Furthermore, there are important technological
issues that must be solved to create novel formulations to improve the bioavailability
of naringin and naringenin. Nevertheless, the abilities of these flavanones to decrease
inflammation, promote apoptosis and inhibit proliferation, angiogenesis, metastasis and
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invasion processes demonstrate that they have great potential to become innovative and
safe anticancer drugs.
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75. Şöhretoğlu, D.; Arroo, R.; Sari, S.; Huang, S. Flavonoids as Inducers of Apoptosis and Autophagy in Breast Cancer. In Discovery
and Development of Anti-Breast Cancer Agents from Natural Products; Elsevier: Amsterdam, The Netherlands, 2021; pp. 147–196.

76. Lee, C.-W.; Huang, C.C.-Y.; Chi, M.-C.; Lee, K.-H.; Peng, K.-T.; Fang, M.-L.; Chiang, Y.-C.; Liu, J.-F. Naringenin Induces
ROS-Mediated ER Stress, Autophagy, and Apoptosis in Human Osteosarcoma Cell Lines. Molecules 2022, 27, 373. [CrossRef]
[PubMed]

77. Pang, X.; Zhang, X.; Jiang, Y.; Su, Q.; Li, Q.; Li, Z. Autophagy: Mechanisms and Therapeutic Potential of Flavonoids in Cancer.
Biomolecules 2021, 11, 135. [CrossRef]

78. Wang, K.; Peng, S.; Xiong, S.; Niu, A.; Xia, M.; Xiong, X.; Zeng, G.; Huang, Q. Naringin inhibits autophagy mediated by
PI3K-Akt-mTOR pathway to ameliorate endothelial cell dysfunction induced by high glucose/high fat stress. Eur. J. Pharmacol.
2020, 874, 173003. [CrossRef]

79. Elmore, S. Apoptosis: A Review of Programmed Cell Death. Toxicol. Pathol. 2007, 35, 495–516. [CrossRef]
80. Ramos, S. Effects of dietary flavonoids on apoptotic pathways related to cancer chemoprevention. J. Nutr. Biochem. 2007, 18,

427–442. [CrossRef]
81. Sharma, A.; Sharma, P.; Singh Tuli, H.; Sharma, A.K. Phytochemical and Pharmacological Properties of Flavonols. In eLS; John

Wiley & Sons, Ltd.: Chichester, UK, 2018; pp. 1–12.
82. Kopustinskiene, D.M.; Jakstas, V.; Savickas, A.; Bernatoniene, J. Flavonoids as Anticancer Agents. Nutrients 2020, 12, 457.

[CrossRef]
83. Ahmed, O.M.; Ahmed, A.A.; Fahim, H.I.; Zaky, M.Y. Quercetin and naringenin abate diethylnitrosamine/acetylaminofluorene-

induced hepatocarcinogenesis in Wistar rats: The roles of oxidative stress, inflammation and cell apoptosis. Drug Chem. Toxicol.
2022, 45, 262–273. [CrossRef]

84. Martínez-Rodríguez, O.P.; González-Torres, A.; Álvarez-Salas, L.M.; Hernández-Sánchez, H.; García-Pérez, B.E.; Thompson-
Bonilla, M.d.R.; Jaramillo-Flores, M.E. Effect of naringenin and its combination with cisplatin in cell death, proliferation and
invasion of cervical cancer spheroids. RSC Adv. 2021, 11, 129–141. [CrossRef] [PubMed]

85. Pencik, J.; Pham, H.T.T.; Schmoellerl, J.; Javaheri, T.; Schlederer, M.; Culig, Z.; Merkel, O.; Moriggl, R.; Grebien, F.; Kenner, L.
JAK-STAT signaling in cancer: From cytokines to non-coding genome. Cytokine 2016, 87, 26–36. [CrossRef] [PubMed]

86. Yuan, X.; Wu, H.; Xu, H.; Xiong, H.; Chu, Q.; Yu, S.; Wu, G.S.; Wu, K. Notch signaling: An emerging therapeutic target for cancer
treatment. Cancer Lett. 2015, 369, 20–27. [CrossRef]

87. Frydoonfar, H.R.; McGrath, D.R.; Spigelman, A.D. The variable effect on proliferation of a colon cancer cell line by the citrus fruit
flavonoid Naringenin. Colorectal Dis. 2003, 5, 149–152. [CrossRef] [PubMed]

88. Schindler, R.; Mentlein, R. Flavonoids and vitamin E reduce the release of the angiogenic peptide vascular endothelial growth
factor from human tumor cells. J. Nutr. 2006, 136, 1477–1482. [CrossRef] [PubMed]

89. Aroui, S.; Fetoui, H.; Kenani, A. Natural dietary compound naringin inhibits glioblastoma cancer neoangiogenesis. BMC
Pharmacol. Toxicol. 2020, 21, 46. [CrossRef]

90. Choi, J.; Lee, D.H.; Jang, H.; Park, S.Y.; Seol, J.W. Naringenin exerts anticancer effects by inducing tumor cell death and inhibiting
angiogenesis in malignant melanoma. Int. J. Med. Sci. 2020, 17, 3049–3057. [CrossRef]

91. Li, Q.; Wang, Y.; Zhang, L.; Chen, L.; Du, Y.; Ye, T.; Shi, X. Naringenin exerts anti-angiogenic effects in human endothelial cells:
Involvement of ERRα/VEGF/KDR signaling pathway. Fitoterapia 2016, 111, 78–86. [CrossRef]

92. Lian, G.Y.; Wang, Q.M.; Mak, T.S.; Huang, X.R.; Yu, X.Q.; Lan, H.Y. Inhibition of tumor invasion and metastasis by targeting
TGF-β-Smad-MMP2 pathway with Asiatic acid and Naringenin. Mol. Ther.-Oncolytics 2021, 20, 277–289. [CrossRef]

93. Chen, Y.Y.; Chang, Y.M.; Wang, K.Y.; Chen, P.N.; Hseu, Y.C.; Chen, K.M.; Yeh, K.T.; Chen, C.J.; Hsu, L.S. Naringenin inhibited
migration and invasion of glioblastoma cells through multiple mechanisms. Environ. Toxicol. 2019, 34, 233–239. [CrossRef]

http://doi.org/10.1155/2019/3206401
http://doi.org/10.1155/2019/5484138
http://doi.org/10.1016/j.biopha.2022.113035
http://doi.org/10.1016/j.fct.2021.112266
http://doi.org/10.1002/tox.22528
http://doi.org/10.1089/ars.2013.5371
http://www.ncbi.nlm.nih.gov/pubmed/23725295
http://doi.org/10.1080/15548627.2017.1378838
http://www.ncbi.nlm.nih.gov/pubmed/28933638
http://doi.org/10.3390/molecules27020373
http://www.ncbi.nlm.nih.gov/pubmed/35056691
http://doi.org/10.3390/biom11020135
http://doi.org/10.1016/j.ejphar.2020.173003
http://doi.org/10.1080/01926230701320337
http://doi.org/10.1016/j.jnutbio.2006.11.004
http://doi.org/10.3390/nu12020457
http://doi.org/10.1080/01480545.2019.1683187
http://doi.org/10.1039/D0RA07309A
http://www.ncbi.nlm.nih.gov/pubmed/35423031
http://doi.org/10.1016/j.cyto.2016.06.017
http://www.ncbi.nlm.nih.gov/pubmed/27349799
http://doi.org/10.1016/j.canlet.2015.07.048
http://doi.org/10.1046/j.1463-1318.2003.00444.x
http://www.ncbi.nlm.nih.gov/pubmed/12780904
http://doi.org/10.1093/jn/136.6.1477
http://www.ncbi.nlm.nih.gov/pubmed/16702307
http://doi.org/10.1186/s40360-020-00426-1
http://doi.org/10.7150/ijms.44804
http://doi.org/10.1016/j.fitote.2016.04.015
http://doi.org/10.1016/j.omto.2021.01.006
http://doi.org/10.1002/tox.22677


Biomedicines 2022, 10, 1686 16 of 16

94. Ming, H.; Chuang, Q.; Jiashi, W.; Bin, L.; Guangbin, W.; Xianglu, J. Naringin targets Zeb1 to suppress osteosarcoma cell
proliferation and metastasis. Aging 2018, 10, 4141–4151. [CrossRef] [PubMed]

95. Tan, T.W.; Chou, Y.E.; Yang, W.H.; Hsu, C.J.; Fong, Y.C.; Tang, C.H. Naringin suppress chondrosarcoma migration through
inhibition vascular adhesion molecule-1 expression by modulating miR-126. Int. Immunopharmacol. 2014, 22, 107–114. [CrossRef]

96. Pafumi, I.; Festa, M.; Papacci, F.; Lagostena, L.; Giunta, C.; Gutla, V.; Cornara, L.; Favia, A.; Palombi, F.; Gambale, F.; et al.
Naringenin Impairs Two-Pore Channel 2 Activity And Inhibits VEGF-Induced Angiogenesis. Sci. Rep. 2017, 7, 5121. [CrossRef]
[PubMed]

97. Qi, Z.; Kong, S.; Zhao, S.; Tang, Q. Naringenin inhibits human breast cancer cells (MDA-MB-231) by inducing programmed
cell death, caspase stimulation, G2/M phase cell cycle arrest and suppresses cancer metastasis. Cell. Mol. Biol. 2021, 67, 8–13.
[CrossRef] [PubMed]

98. Shi, X.; Luo, X.; Chen, T.; Guo, W.; Liang, C.; Tang, S.; Mo, J. Naringenin inhibits migration, invasion, induces apoptosis in human
lung cancer cells and arrests tumour progression in vitro. J. Cell. Mol. Med. 2021, 25, 2563–2571. [CrossRef] [PubMed]

99. Lou, C.; Zhang, F.; Yang, M.; Zhao, J.; Zeng, W.; Fang, X.; Zhang, Y.; Zhang, C.; Liang, W. Naringenin decreases invasiveness
and metastasis by inhibiting TGF-β-induced epithelial to mesenchymal transition in pancreatic cancer cells. PLoS ONE 2012,
7, e50956. [CrossRef] [PubMed]

100. Liao, A.C.; Kuo, C.C.; Huang, Y.C.; Yeh, C.W.; Hseu, Y.C.; Liu, J.Y.; Hsu, L.S. Naringenin inhibits migration of bladder cancer cells
through downregulation of AKT and MMP-2. Mol. Med. Rep. 2014, 10, 1531–1536. [CrossRef]

101. Gumushan Aktas, H.; Akgun, T. Naringenin inhibits prostate cancer metastasis by blocking voltage-gated sodium channels.
Biomed. Pharmacother. 2018, 106, 770–775. [CrossRef] [PubMed]

102. Yen, H.R.; Liu, C.J.; Yeh, C.C. Naringenin suppresses TPA-induced tumor invasion by suppressing multiple signal transduction
pathways in human hepatocellular carcinoma cells. Chem. Biol. Interact. 2015, 235, 1–9. [CrossRef]

103. Hossain, R.; Jain, D.; Khan, R.A.; Islam, M.T.; Mubarak, M.S.; Saikat, A.S.M. Natural-Derived Molecules as a Potential Adjuvant in
Chemotherapy: Normal Cell Protectors and Cancer Cell Sensitizers. Anti-Cancer Agents Med. Chem. 2022, 22, 836–850. [CrossRef]

http://doi.org/10.18632/aging.101710
http://www.ncbi.nlm.nih.gov/pubmed/30580326
http://doi.org/10.1016/j.intimp.2014.06.029
http://doi.org/10.1038/s41598-017-04974-1
http://www.ncbi.nlm.nih.gov/pubmed/28698624
http://doi.org/10.14715/cmb/2021.67.2.2
http://www.ncbi.nlm.nih.gov/pubmed/34817344
http://doi.org/10.1111/jcmm.16226
http://www.ncbi.nlm.nih.gov/pubmed/33523599
http://doi.org/10.1371/journal.pone.0050956
http://www.ncbi.nlm.nih.gov/pubmed/23300530
http://doi.org/10.3892/mmr.2014.2375
http://doi.org/10.1016/j.biopha.2018.07.008
http://www.ncbi.nlm.nih.gov/pubmed/29990870
http://doi.org/10.1016/j.cbi.2015.04.003
http://doi.org/10.2174/1871520621666210623104227

	Introduction 
	Chemical Properties, Pharmacokinetics and Bioavailability of Naringin and Naringenin 
	Anticancer Activities of Naringin and Naringenin 
	Effects of Naringin and Naringenin on Inflammation 
	Effects of Naringin and Naringenin on Autophagy 
	Effects of Naringin and Naringenin on Apoptosis 
	Effects of Naringin and Naringenin on Proliferation 
	Effects of Naringin and Naringenin on Angiogenesis 
	Effects of Naringin and Naringenin on Metastasis and Invasion 

	Conclusions and Future Perspectives 
	References

