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ABSTRACT

vitexin, an apigenin-8-C-glucoside, is widely present in numerous edible and medicinal plants.
vitexin possesses a variety of bioactive properties, including antioxidation, anti-inflammation, anti-
cancer, neuron-protection, and cardio-protection. Other beneficial health effects, such as fat reduc-
tion, glucose metabolism, and hepatoprotection, have also been reported in recent studies. This
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review briefly discusses the absorption and metabolism of vitexin, as well as its influence on gut
microbiota. Recent advances in understanding the pharmacological and biological effects of
vitexin are then reviewed. Improved knowledge of the absorption, metabolism, bioactivity, and
molecular targets of vitexin is crucial for the better utilization of this emerging nutraceutical as a

chemopreventive and chemotherapeutic agent.

Introduction

Naturally-occurring flavonoids, which are present in numer-
ous plant species, have been reported to exhibit a range of
health benefits, such as the ability to prevent chronic condi-
tions like obesity, diabetes, and cardiovascular diseases (Cao
et al. 2011; Choi et al. 2014; Xiao et al. 2016). Almost all fla-
vonoids are glycosides that have sugar groups bound to a
hydroxyl (O-glycosides) or carbon (C-glycosides) group on
an aglycone. Compared to flavonoid O-glycosides, flavonoid
C-glycosides exhibit more diverse biological activities since
they are more stable and resistant to acidic, alkaline, and
enzymatic hydrolysis (Xiao et al. 2016). Flavonoid C-glyco-
sides are present in various plants, including, but not limited
to, mung bean (Cao et al. 2011; Luo et al. 2016), beetroot
(Ninfali et al. 2017), hawthorn (Liang et al. 2007), otter
flowers (Ngwoke et al. 2017), passion flowers (Colomeu
et al. 2017; Shuayprom et al. 2016), bamboo (Yang et al.
2017), and gaillardia (Moharram et al. 2017). These plants
have been historically consumed as food and used as medi-
cine in Asia for 3000 years (Ganesan and Xu 2018; Kumar
et al. 2012). Today they are still widely used for detoxifica-
tion, the treatment of digestive disorders, skin diseases, heart
stroke, inflammation, and various other dysfunctions
(Ganesan and Xu 2018; Kumar et al. 2012).

In the past two decades, vitexin has received considerable
attention from researchers because of its diverse biological
activities, such as antioxidant, anti-inflammatory, anti-

cancer, anti-microbial, neuron-protective, and cardio-pro-
tective effects (Al-Jeboory and Dizaye 2006; An et al. 2012;
Borghi et al. 2013; Choi et al. 2006; Je et al. 2014; Krcatovic
et al. 2008; Min et al. 2015). The effects of vitexin are
related to multiple systems, including the immune, nervous,
respiratory, heart and vascular, and endocrine systems (Al-
Jeboory and Dizaye 2006; An et al. 2012; Borghi et al. 2013;
Choi et al. 2006; Je et al. 2014; Krcatovic et al. 2008; Min
et al. 2015). More recently, vitexin has been revealed to
exhibit several novel beneficial effects related to fat metabol-
ism, glucose homeostasis, and hepatoprotection (Duncan
et al. 2017; Peng et al. 2019d; Wu et al. 2017; Yang et al.
2017). To better understand the potential of this compound
as a nutraceutical ingredient, we collected and critically
reviewed recent literature (2016 to the present) based on
Web of Science Core Collection and PubMed searches. In
the current review, we first briefly summarize the absorption
and metabolism of vitexin, then discuss its influence on the
gut microbiota, and finally highlight the latest observations
about the bioactivities of vitexin and related molecu-
lar mechanisms.

Absorption and metabolism of vitexin

Within the upper gastrointestinal tract, C-glycoside vitexin
is only absorbed to a relatively small extent (4.9-5.8%) and
is largely resistant to molecular transformations (Bai et al.
2017; Gao et al. 2016; Wang et al. 2012). Consequently, the
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Figure 1. Possible metabolic pathways of vitexin by gut microbiota in the intestine (Hein et al. 2008). Vitexin transforms to the aglycone structure and the glucose
moiety is cleaved by the bacteria. The aglycone structure was then degraded to small phenolic acids including 3-(4-hydroxyphenyl) propionic acid, phenylacetic
acid, and 3-phenylpropionic acid, through ring fission, and dehydroxylation reactions.

crucial metabolic transformation of this flavonoid glycoside
takes place in the colon, where the gut microbiota play sig-
nificant roles in degrading it (Hein et al. 2008). The trans-
formation of C-glucosides is dependent on the presence of
specific bacteria for key degradation steps, such as the cleav-
age of the C-C bond (Liao et al. 2017). For example, the
intestinal Lachnospiraceae strain is able to deglycosylate the
C-glycoside vitexin, while Eubacterium cellulosolvens cannot
(Hein et al. 2008). In fermentation with a human fecal sam-
ple, the degradation of vitexin is likely to take place via the
formation of the aglycone structure, with the glucose moiety
primarily cleaved by the bacteria. The aglycone structure is
further degraded to small phenolic acids - including 3-(4-
hydroxyphenyl) propionic acid, phenylacetic acid, and 3-
phenylpropionic acid - through ring fission and dehydroxy-
lation reactions (Figure 1) (Braune and Blaut 2012; Liao
et al. 2017). In future, it will be important to carry out more
studies to identify the key bacteria strains responsible for
vitexin degradation.

The microbial transformation products of vitexin may
exert considerable effects on gut microbiota, which could
alter the health of the host. Some studies have reported an
influence of phenolic compounds on microbiota compos-
ition (Etxeberria et al. 2013). Other studies, however, have
shown that a prebiotic effect on the microbiota was not
achievable when vitexin was consumed in typical dietary
concentrations (~20mg/day), even though it could be
metabolized by the human gut microorganisms (Hein et al.
2008). Nevertheless, higher concentrations of vitexin, or
vitexin interactions with other food components, might
influence microbiota composition (Hein et al. 2008)
(Figure 2).

The first-pass metabolism effects of vitexin after exposure
to the liver, stomach, and intestine have been reported to be
5.2%, 31.3%, and 94.1%, respectively (Xue et al. 2014). Since
the liver is important for the metabolization of many com-
pounds, the relatively low first-pass effect of vitexin in this
organ would be expected to result in a low in vivo bioavail-
ability of vitexin. Two recent studies, however, suggested
that vitexin-soybean phospholipid nanocomplexes could
improve the bioavailability of vitexin in vitro (Gu et al.
2017; Luo et al. 2017) (Figure 3).

Biological effects of vitexin

As mentioned earlier, the major reported beneficial activities
of vitexin include antioxidant, neuroprotective, cardio-pro-
tective, anti-inflammatory, anti-cancer, fat and glucose
metabolism, antivirus, and antibacterial effects. Vitexin has
also been reported to have some other potential health bene-
fits, such as nicotine cessation, hair regeneration, and noci-
ception (Bedell et al. 2019; Luo et al. 2018a; Zhu et al.
2016). The biological properties and related molecular tar-
gets of vitexin from in vitro and in vivo studies are summar-
ized in Tables 1 and 2.

Antioxidant activity of vitexin

Oxidative stress is induced by the excessive generation of
reactive oxygen species (ROS), which causes high toxicity
and physical damage to cells (Peng, Sun, and Park 2019b).
Long-term oxidative stress accelerates aging-related func-
tional losses and further contributes to many chronic
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Figure 2. The main pathways involved in vitexin associated-beneficial activities including antioxidant defense, anti-inflammation, and anti-cancer. SOD, superoxide
dismutase; GSH, glutathione; ROS, reactive oxygen species; MDA, malondialdehyde; Nrf2, nuclear factor erythroid 2-related factor 2; TNF-o, tumor necrosis factor o;
IL-18, interleukin 1f; IL-6, interleukin 6; MAPKs, mitogen-activated protein kinases; NF-xB, nuclear factor xB; PARP, poly(ADP-ribose) polymerase; Bax, B-cell lymph-
oma 2-associated X; Bcl-2, B-cell lymphoma 2; PI3K, phosphoinositide 3-kinase; Akt, protein kinase B; mTOR, mammalian target of rapamycin;-

promotion;- inhibition.

disorders (Papalia, Barreca, and Panuccio 2017; Peng et al.
2019a; Xiao et al. 2016). Indeed, many prooxidants, such as
H,0,, glutamate, and ox-LDL, have been shown to induce
cellular dysfunctions and diseases (Lu et al. 2018; Malar
et al. 2018a; Wu et al. 2017; Zhu et al. 2016). Vitexin has
been shown to be a potent oxygen radical scavenger that
generates a strong antioxidant defense (An et al. 2016).
Recent studies have focused on the beneficial effects of
vitexin on oxidative stress-induced chronic disorders, such
as neurodegeneration, myocardial injury, liver injury, and
insulin resistance, both in vitro and in vivo (Chen et al.
2016; Malar et al. 2018a; Malar et al. 2018b; Zhang et al.
2017b). In general, vitexin increases cell viability and/or alle-
viates tissue damage by enhancing their resistance against
oxidative stress inducers. The ability to reduce intracellular
ROS and malondialdehyde (MDA) levels has been found to
be key to the protective effects of vitexin (Chen et al. 2016;
Malar et al. 2018a; Malar et al. 2018b; Zhang et al. 2017b).
The reduction of ROS and MDA by vitexin has recently
been attributed to an increase of antioxidant enzyme activ-
ities (such as superoxide dismutase, heme oxygenase,
NAD(P)H quinone oxidoreductase 1, and glutathione), as
well as to the upregulation of antioxidant response proteins
(such as nuclear factor erythroid 2-related factor 2 (Nrf2)

and AMP-activated protein kinase) (AMPK) (Malar et al.
2018a; Malar et al. 2018b; Zhang et al. 2017b). In summary,
vitexin can be considered as a potent antioxidant that helps
prevent oxidative-stress-induced disorders.

Anti-inflammatory activity of vitexin

The anti-inflammatory activity of vitexin has gained increas-
ing interest in recent in vitro and in vivo studies (Jiang
et al. 2019; Kim, Nam, et al. 2018; Lee, Hossaine, and Park
2016; Lu et al. 2018; Rosa et al. 2016; Schuster et al. 2016;
Venturini et al. 2018; Wang et al. 2019; Yang et al. 2017).
At the cell culture level, vitexin has been shown to amelior-
ate  lipopolysaccharide  (LPS)-induced  inflammatory
responses and injury in RAW 264.7 mouse macrophage and
INS-1 rat insulin secreting cells by reducing the release of
NO and prostaglandin E2 (PGE2) (Lee, Hossaine, and Park
2016; Rosa et al. 2016; Schuster et al. 2016; Wang et al.
2017; Yang et al. 2017). In these processes, vitexin downre-
gulated the release of inflammatory cytokines (TNF-a, IL-
1, and IL-6) and enzymes (iNOS, MMP-1, MMP-3, and
MMP-13) (Kim, Oh, et al. 2018; Lu et al. 2018; Nikfarjam
et al. 2017; Xie et al. 2018; Yang et al. 2019). The downregu-
lation of these pro-inflammatory factors by vitexin might be
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Figure 3. The key molecular biomarkers involved in the protective effects of vitexin on neuron, cardiovascular, and liver and its regulation on fat and glucose
metabolism. Nrf2, nuclear factor erythroid 2-related factor 2; BDNF, brain-derived neurotrophic factor; AMPKe, AMP-activated protein kinase o; C/EBPo, CCAAT/
enhancer binding protein o; PI3K, phosphoinositide 3-kinase; Akt, protein kinase B; GLUT4, glucose transporter type 4;- promotion;- inhibition
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Bax, B-cell lymphoma

(Bedell et al. 2019)
-dependent protein kinase II; CAT, catalase;

(Liu et al. 2019)
(Das et al. 2016)
(Zhu et al. 2016)

PI3K, Akt & mTOR

| Bcl-2/Bax; T cleave Caspase-3; |
N/A
N/A
N/A

biofilm forming capability; |
surface adhered pathogen

| locomotor activity
locomotive activity

| pathogen swarming motility; |
paw swelling; |

1 paw withdrawal threshold; |

| tumor growth & size

28

3

30 min
90 min

60 i.p.
10-20 i,p.

1-2 ip.
5.5 ip.

Incision-induced mechanical
hyperalgesia

Lung carcinoma challenge
P. aeruginosa challenge

Nicotine challenge
, brain-derived neurotrophic factor; BiP, binding immunoglobulin protein; BUN, blood urea nitrogen; CaMKIl, Ca?*/Calmodulin

Akt, protein kinase B; ALP, alkaline phosphatase; AMPKc, AMP-activated protein kinase o; ApoL1, apolipoprotein L1; AST, aspartate aminotransferase;
C/EBPa, CCAAT/enhancer binding protein o; CHOP, CCAAT-enhancer-binding protein homologous protein; CK, creatine kinase; COX-2, cyclooxygenase-2; DBH, dopamine b-hydroxylase activity; DPA, docosapentaenoic

athymic nude mice (M)
BALB/c pathogen free

athymic nude mice (F)
Wistar albino rats (M)

ICR mice (M)

BALB/c pathogen free
terminal kinases; Ki-67, antigen Ki-67; KIM-1, kidney injury molecule-1; LC3-ll, LC3-phosphatidylethanolamine conjugate; LDH, lactate dehydrogenase; LDL-C, low-density lipoprotein cholesterol; LH, luteinizing hormone;

LPS, lipopolysaccharide; MAPKs, mitogen-activated protein kinases; MDA, malondialdehyde; Mela R1, melatonin receptor 1; mGIuR1, metabotropic glutamate receptor 1; MMP-2, matrix metalloproteinase 2; Mst1, macro-
transporter1; NLRP3, nucleotide-binding domain and leucine-rich repeat PYD-containing protein 3; NMDAR, N-methyl-D-aspartate receptor; Nrf2, nuclear factor erythroid 2-related factor 2; p21, cyclin-dependent kinase
inhibitor 1; p38, mitogen-activated protein kinase; p53, tumor suppressor p53; PARP, poly(ADP-ribose) polymerase; PI3K, phosphoinositide 3-kinase; PPARy, peroxisome proliferatoractivated receptor y; PUMA, p53 upre-

gulated modulator of apoptosis; Rap1, Ras-proximate-1; SOD, superoxide dismutase; TBARS, thiobarbituric-acid reacting substances; TC, total cholesterol; TG, triglycerides; TNF-o, tumor necrosis factor o; Ulk1, Unc-51

phage stimulating 1; mTOR, mammalian target of rapamycin; NADPH, nicotinamide adenine dinucleotide phosphate; NF-xB, nuclear factor xB; NGAL, neutrophil gelatinase-associated lipocalin; NKCC1, Na*-K*-CI" co-
like autophagy activating kinase 1; VEGF, vascular endothelial growth factor; Yap, yes-associated protein 1; ZO-1, tight junction protein-1.

acid; FAS, fatty acid synthase; fMLP, n-formyl-methionyl-leucyl-phenylalanine; FOXO3, forkhead-box 03; FSH, follicular stimulating hormone; GABA, gamma-aminobutyric acid; GLUT4, glucose transporter type 4; GnRH,
gonadotropin-releasing hormone; GPx, glutathione peroxidase; GR, glucocorticoid receptor; GSH, glutathione; HDL-C, high-density lipoprotein cholesterol; HIF-1¢, hypoxia inducible factor 1o; HMGB1, high mobility group
box 1; HO-1, heme oxygenase; Iba-1, ionized calcium binding adaptor molecule 1; IgE, immunoglobulin E; IL-1f3, interleukin 1p; IL-6, interleukin 6; InsR, insulin receptor; IRS-1, insulin receptor substrate 1; JNK, c-Jun N-

2-associated X; Bcl-2, B-cell lymphoma 2; BDNF

anti-virus

ICR mice - Institute of Cancer Research mice; M — male; F - female; T - increase; | - decrease; N/A, not available; p.o., Per os (oral administration); i.p., intraperitoneal injection.

Acronymes: AChE, acetylcholinesterase activity,

Anti-bacteria &

Others

CRITICAL REVIEWS IN FOOD SCIENCE AND NUTRITION e 9

Hossaine, and Park 2016; Xie et al. 2018). Excessively high
calcium ion (Ca*") transition though the endoplasmic
reticulum membrane Ca®" channel in T lymphocytes and
mast cells leads to the secretion of inflammatory mediators
and further contributes to allergic responses (Kim, Nam,
et al. 2018). Vitexin was found to alleviate allergies by inhib-
iting calcium release-activated calcium currents and f-hexo-
saminidase, which suggests the importance of Ca®"
transition as the target for the amelioration of inflammation
(Kim, Nam, et al. 2018). Immunoglobulin E (IgE) is another
important biomarker for allergic disorders (Galli and Tsai
2012). Interestingly, two in vivo studies revealed that vitexin
inhibited the release of IgE into serum, which resulted in
the amelioration of ovalbumin-induced allergic asthma *> 7.
Moreover, the release of IL-4, IL-5, and IL-13 in the bron-
choalveolar lavage fluid was reduced by vitexin (Rosa et al.
2017; Venturini et al. 2018). Other animal studies have
shown that vitexin ameliorated peritonitis, lung edema, kid-
ney injury, and inflammatory osteolysis by regulating targets
commonly found in cell culture results (Jiang et al. 2019; Lu
et al. 2018; Rath et al. 2016; Wang et al. 2019).

Anti-cancer effect of vitexin

Vitexin has also been shown to be a potent compound in
the inhibition of carcinogenesis and tumor growth (Ganesan
and Xu 2017). It exerts antineoplastic effects on cancer in
various organs and systems, including the liver, colon,
breast, skin, bladder, lung, etc. (Ganesan and Xu 2017). In
recent years there have been many studies focusing on the
inhibitory effects of vitexin on tumor progression for these
cancers and cancer cell lines. Additionally, more mecha-
nisms have been explored.

Consistent in different cancer cells, vitexin induced cell
apoptosis and inhibited cell proliferation by the prolongation
of G2 cell-cycle arrest, the reduction of the Bcl-2/Bax ratio,
and by increasing the expression of caspase-7, —8, —9, and
-3 (Czemplik et al. 2016; Girish, Kumar, and Prasada Rao
2016; He et al. 2016; Liu et al. 2019; Scarpa et al. 2018;
Scarpa et al. 2016; Zhang et al. 2018). Another study sug-
gested that vitexin acted as a matrix metalloproteinase
(MMP) inhibitor, which are important regulators of tumor
proliferation and invasion (He et al. 2016). Vitexin has also
been reported to upregulate poly (ADP-ribose) polymerase
(PARP), an enzyme responsible for programed cell death.
As a previous study revealed, the inhibition of PARP sup-
pressed the cell apoptosis pathway, with enhanced Bcl-2 and
reduced Bax, which suggests an important role of PARP in
vitexin-mediated tumor suppression (Kalmar-Nagy et al
2013; Liu et al. 2018; Zhang et al. 2018). f-catenin and sur-
vivin are two key components of the Wnt/ff-catenin pathway
contributing to cancer cell proliferation and survival (Shang,
Hua, and Hu 2017). These components have been shown to
be inhibited by vitexin in T24 human bladder carcinoma
(Scarpa et al. 2016). In addition, vitexin upregulated tumor
suppressors: p53, p53 upregulated modulator of apoptosis
(PUMA), and several serine/threonine Kkinases, i.e., ataxia-
telangiectasia mutated kinase (ATR), Rad3-related kinase
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(ATM), and Checkpoint kinase 2 (CHK2) (Chen et al. 2018;
Liu et al. 2018). Since p53 was reported to inhibit f-catenin
and survivin, the inhibition of the two proteins might con-
tribute to the activation of p53 and PUMA by vitexin (Sadot
et al. 2001).

Recent studies revealed that vitexin exerts antineoplastic
effects by inhibiting phosphatidylinositol-3-kinase (PI3K)/
Akt (Liu et al. 2019; Zhang et al. 2018). This pathway has
been recently considered as another important mediator
contributing to cell proliferation, survival, and cancer devel-
opment (Liu et al. 2019; Zhang et al. 2018). Interestingly,
the mammalian target of rapamycin (mTOR), which is
known to promote the synthesis of proteins involved in
tumorigenesis, was suggested to be directly or indirectly
regulated by PI3K/Akt (Porta, Paglino, and Mosca 2014).
Moreover, the activation of PI3K/Akt resulted in an
enhanced resistance of cancer cells against TNF-o-mediated
apoptosis (Porta, Paglino, and Mosca 2014). Thus, PI3K/Akt
and its downstream mTOR may be other molecular targets
for the prevention of carcinogenesis by vitexin.

An increasing number of publications have suggested
that autophagy exhibits dual effects for both cancer develop-
ment and cancer therapy (Rosenfeldt and Ryan 2011; Yun
and Lee 2018). On one hand, abnormal autophagy was
reported to maintain cancer cell stemness, induce recur-
rence, and enhance cell resistance to anticancer reagents,
which promotes cancer cell survival and tumor initiation
(Yun and Lee 2018). It was revealed that vitexin induced the
apoptosis of hepatoma and colorectal carcinoma by reducing
autophagic rate and autophagosome formation via the
downregulation of Beclin-1, microtubule-associated protein
light chain (LC3)-I, LC3-II, and Atg5, the biomarkers
involved in autophagy (Bhardwaj et al. 2018; He et al. 2016).
Conversely, a basal level of autophagy helped tumor sup-
pression through the clearance of damaged cellular parts
and abnormal proteins (Bhardwaj et al. 2017; Yun and Lee
2018). Researchers have also reported that vitexin promoted
oxidative stress and induced apolipoprotein L1-mediated
autophagic cell death in colon cancer cells (Bhardwaj et al.
2017). All these studies indicate the involvement of autoph-
agy in the anti-cancer effects of vitexin.

Neuron-protection of vitexin

Neuron disorders, including epilepsy seizure, brain infarc-
tion, retinal damage, hypoxic-ischemic injury, bradykinesia,
depression, and memory loss, are closely associated with the
loss of neurons, reduced stress resistance, and inflammation
(Aseervatham et al. 2016; Chen et al. 2016; Hu, Li, and
Wang 2018; Jiang, Dai, and Cui 2018; Kim et al. 2019; Luo
et al. 2018b; Lyu et al. 2018; Malar et al. 2018a; Malar et al.
2018b; Min et al. 2017; Nurdiana et al. 2018). Vitexin atte-
nuated these neuron disorders and improved the learning
behaviors in mice and rats mainly by promoting neuron sur-
vival, decreasing ROS levels, and reducing the release of
pro-inflammatory factors (Aseervatham et al. 2016; Chen
et al. 2016; Hu, Li, and Wang 2018; Jiang, Dai, and Cui
2018; Kim et al. 2019; Luo et al. 2018b; Lyu et al. 2018;

Malar et al. 2018a; Malar et al. 2018b; Min et al. 2017;
Nurdiana et al. 2018). Vitexin also enhanced neuron cell via-
bility by the upregulation of the Bcl-2/Bax ratio and the
downregulation of caspases (Chen et al. 2016; Hu, Li, and
Wang 2018; Jiang, Dai, and Cui 2018; Lyu et al. 2018). In
recent studies, vitexin has been reported to activate the
phosphatidylinositol-3-OH kinase (PI3K)-protein kinase B
(Akt) pathway (Cui et al. 2019; Hu, Li, and Wang 2018).
This pathway can be activated by BDNF and then inhibits
apoptotic regulators such as FOXO and p53 (Brunet, Datta,
and Greenberg 2001). Moreover, Akt is implicated in the
inhibition of cell death as it indirectly increase the expres-
sion of Bcl-2, thereby decreasing the release of cytochrome ¢
(Brunet, Datta, and Greenberg 2001). The NMDA receptor
is one of the glutamate receptors responsible for Ca>* influx
and pass-signaling from one neuron to another (Doshi and
Lynch 2009). Glutamate can induce the excessive expression
of NMDA and its downstream neuronal protease calpain
(Malar et al. 2018a), resulting in cytosolic Ca®"-mediated
excitotoxicity, which may induce brain lesions and the
pathogenesis of neuron cells (Doshi and Lynch 2009).
Pretreatment of vitexin reduced the level of the NMDA
receptor and calpain (Malar et al. 2018a), and thus attenu-
ated toxicity by cytosolic Ca®>" transaction (Chen et al. 2016;
Min et al. 2017).

Considering that lipid peroxidation, protein oxidation,
and loss of mitochondrial membrane are typical oxidative
damages to neuron cells, their reduction by vitexin has great
importance for protecting brain areas from oxidative stress
injuries (Cui et al. 2019; Malar et al. 2018a; Malar et al.
2018b). Sleep disorders contribute to neurodegeneration. It
has been reported that improved neurogenesis and memory
by vitexin alleviated sleep disorders, which lends support to
the benefits of vitexin on neurodegenerative diseases (Kim
et al. 2019).

Cardio-protection of vitexin

The pathogenesis of cardiovascular disorders, including
myocardial infarction, atherosclerosis, and cardiac necrosis,
are closely linked to endothelia cell dysfunction, oxidative
damage, lipid peroxidation, and inflammation (Bai et al.
2016; Che et al. 2016; Cheng et al. 2017; Glick, Barth, and
Macleod 2010; Sun et al. 2016). It has been reported that
vitexin protected endothelia cells from oxidized low density
lipoproteins (ox-LDL) by enhancing cell viability and phys-
ical stress resistance via the activation of AMPKo (Zhang
et al. 2017b). Autophagy is a process for maintaining cellular
balance by the degradation of misfolded proteins or dam-
aged organelles (Glick, Barth, and Macleod 2010). The pro-
tective effect of vitexin in endothelia cells may also be
attributed to the increased cell autophagy and upregulation
of relative genes, such as Beclinl and light chain 3 II (LC3-
II), as well as the downregulation of p62 (Wirawan et al.
2012; Zhang et al. 2017b). However, another study showed
the opposite results (Tang, Yang, and Zhang 2017). This
study found that vitexin reduced cell autophagy with a
reduced level of Beclin 1 and an increased level of p62 in



H9C2 rat cardiomyocytes (Tang, Yang, and Zhang 2017).
This inconsistency in results may be attributed to different
cell cultures (endothelia cells vs cardio muscle cells), cell
injury inducers (ox-LDL vs myocardial ischemia reperfusion
injury), dosages of vitexin (20 uM vs 100-200 pM), and/or
treatment periods (24 hr vs 4hr) used in the different studies
(Tang, Yang, and Zhang 2017; Zhang et al. 2017a). Since
autophagy is a dynamic balancing process for cell survival
(Glick, Barth, and Macleod 2010), under different condi-
tions, vitexin may exert different regulatory effects. Vitexin
has also been reported to ameliorate isoproterenol-induced
abnormal cell beating rate through the extension of field
potential durations, an indication of the potential usage of
the compound on cardiac arrhythmias (Pahlavan
et al. 2018).

Effects of Vitexin on glucose metabolism, lipid
metabolism, and liver function

Recently, many researchers have focused on the potential
health benefits of vitexin with respect to glucose homeosta-
sis, fat metabolism, and hepatoprotection (Duncan et al.
2017; Li et al. 2019; Nurdiana et al. 2018; Peng et al. 2019d;
Wu et al. 2017; Yang et al. 2017). Pancreas injury and/or
islet tissue damage usually causes insulin secretion insuffi-
ciency or insulin resistance, which leads to impaired glucose
disposal and increased blood glucose levels (Peng, Sun, and
Park 2019¢; Wang et al. 2017). Vitexin has been shown to
protect pancreas and islet tissue from toxicity induced by
streptozotocin or LPS via the upregulation of Nrf2 and anti-
oxidases (Nurdiana et al. 2017), as well as the inhibition of
MAPKs, including JNK and p38 (Duncan et al. 2017).
Vitexin also increased GLUT4 translocation from the cyto-
plasm to the membrane, suggesting the promotion of glu-
cose uptake by vitexin (Seyedan et al. 2019). Another study
revealed that vitexin improved diabetes-induced sexual dys-
function and fertility impairments in mice (Li et al. 2019).
In this process, vitexin treatment increased reproductive
organ weight, attenuated testicular pathological structure
damage, restored sperm quality, and improved sex hormonal
balance (Li et al. 2019).

As in the mechanism of glucose metabolism, the fat
reductive effects of vitexin are attributed to enhanced oxida-
tive stress resistance in liver and adipose tissues. More
recently, our research group found that AMPKo was a key
molecular target on vitexin-mediated fat reduction (Peng
et al. 2019d). Vitexin activated AMPKo, a master in control-
ling fat accumulation (Sun et al. 2018), and inhibited C/
EBPo and FAS, two contributors to lipogenesis and adipo-
cyte differentiation (Peng et al. 2019d). The inhibition of
AMPKox by Compound C abolished the reduced fat content
in adipocytes, suggesting the involvement of AMPKu in this
process (Peng et al. 2019d). Moreover, vitexin exerted pro-
tection against liver injury by downregulating ALT, AST,
ALP, and LDH, the enzymes involved in liver functions
(Wu et al. 2017).
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Antimicrobial and antiviral effects of vitexin

Vitexin has been reported to have inhibitory effects on gram
negative bacteria, especially Pseudomonas aeruginosa and
Bordetella petrii (Das et al. 2016; Rath et al. 2016). Layers of
P. aeruginosa cells can easily form surface-attached biofilm
on animal and human hosts, leading to cystic fibrosis and
infections in the urinary tract, kidney, and intestine (Das
et al. 2016). Vitexin has been shown to attenuate the forma-
tion of P. aeruginosa biofilms mainly through reducing cell
adhering ability, specifically by decreasing pathogen-swarm-
ing motility and downregulating quorum-sensing regulator
proteins (Das et al. 2016). B. petrii was also known to
induce cystic fibrosis in humans (Rath et al. 2016). A
molecular docking study suggested vitexin was a potential
drug target against B. petrii, although in vitro and in vivo
studies are required to further confirm this finding.

Vitexin also exerted the ability to inhibit infection with
influenza viruses (Ding and Liu 2019; Sadati et al. 2019).
Several studies reported that vitexin acted as an inhibitor of
influenza virus neuraminidase, a surface presenting enzymes
responsible for virus releasement and replication (Ding and
Liu 2019; Li et al. 2002; Sadati et al. 2019).

Other bioactivities of vitexin

Vitexin has also been shown to exhibit a number of other
biological activities that may be beneficial to human health.
A treatment of 60 mg/kg vitexin for 30 min prior to a nico-
tine challenge effectively attenuated the locomotive activity
of rats, indicating the potential benefits of vitexin on nico-
tine cessation (Bedell et al. 2019). Another two studies
reported that vitexin helped in promoting human dermal
papilla cell proliferation, colony growth, and hair shaft
elongation by activating the Wnt/f-catenin signaling path-
way, which may contribute to human hair growth (Luo
et al. 2018a). Moreover, vitexin protected mice from inci-
sion-induced mechanical hyperalgesia and promoted their
sedation by enhancing the paw withdrawal threshold and
reducing paw swelling (Zhu et al. 2016). Another study sug-
gested that the GABAergic pathway was involved in vitexin-
mediated sedation in mice (Gazola et al. 2018).

Delivery of vitexin

To have an appreciable impact on human health and well-
being, vitexin must be delivered to the target tissues within
the human body at sufficiently high levels. Vitexin can be
delivered orally through foods, supplements, or pharmaceut-
icals in a number of ways. It can be consumed as an integral
part of vitexin-rich edible plants, such as mung beans, beet-
root, or bamboo. Alternatively, it can be isolated from these
plants and converted into a bioactive ingredient that can be
incorporated into functional foods, supplements, or drugs.
Vitexin is a relatively small polar molecule with a molecular
weight of 432Da and a LogP value of 1.28 (chemspider.-
com). Consequently, it should be relatively easy to dissolve
within aqueous-based foods, drinks, or pharmaceuticals.
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Alternatively, vitexin could be converted into a powdered
form that can then be incorporated into tablets, pills, or cap-
sules for supplement or pharmaceutical applications. The
bioavailability and bioactivity of many phytochemicals has
been shown to be increased using colloidal delivery systems
or by controlling food matrix properties (Goncalves et al.
2018; McClements and Xiao 2017; Sayed, Khurana, and
Godugu 2019). Surprisingly, there have been few studies on
the development of delivery systems for vitexin, which may
be because of its relatively high water-solubility and good
stability. In one study, however, vitexin-phospholipid nano-
complexes were shown to have a higher bioavailability than
free vitexin (Luo et al. 2017), which highlights the potential
of using colloidal delivery systems to enhance its functional-
ity. In this case, the delivery system may be developed to
improve the chemical stability of the nutraceutical within a
food or supplement product, or to modulate its metabolism
and absorption in the gastrointestinal tract after ingestion.

Conclusion

The absorption and metabolic process of vitexin and its
multiple bioactivities, including enhancing stress resistance,
inflammatory responses, neuron health, cardio-protection,
improvement of energy homeostasis, tumor inhibition, and
detoxification, were reviewed in this paper. We also dis-
cussed its possible molecular mechanisms. However, further
studies investigating its upstream regulators or receptors are
needed to better understand its mechanisms of bioactivities
modulation effects. Moreover, it has been indicated that a
nanotechnology-based delivery system can be a promising
strategy for improving its bioavailability, which may be an
important area of research in the future. Another question is
that the bioactivities of vitexin in vivo may not be elicited
by itself, but by its metabolites, since it has been metabo-
lized by gut microbiota before entering the bloodstream.
Therefore, the question of whether its main metabolites
mediate its bioactivities in vivo requires further study. The
influence of vitexin on gut microbiota composition together
with their correlation with the biological activities are also
worthy of further investigation. Overall, vitexin is a promis-
ing natural small molecule with a variety of bioactivities.
Further investigation, such as clinical studies, and the devel-
opment of an efficient delivery system are needed to inte-
grate vitexin into effective functional food products.
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