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Abstract

Research in cancer chemoprevention provides convincing evidence that increased intake of 

vegetables and fruits may reduce the risk of several human malignancies. Phytochemicals present 

therein provide beneficial anti-inflammatory and antioxidant properties that serve to improve the 

cellular microenvironment. Compounds known as flavonoids categorized anthocyanidins, 

flavonols, flavanones, flavonols, flavones, and isoflavones have shown considerable promise as 

chemopreventive agents. Apigenin (4′, 5, 7-trihydroxyflavone), a major plant flavone, possessing 

antioxidant, anti-inflammatory, and anticancer properties affecting several molecular and cellular 

targets used to treat various human diseases. Epidemiologic and case-control studies have 

suggested apigenin reduces the risk of certain cancers. Studies demonstrate that apigenin retain 

potent therapeutic properties alone and/or increases the efficacy of several chemotherapeutic drugs 

in combination on a variety of human cancers. Apigenin’s anticancer effects could also be due to 

its differential effects in causing minimal toxicity to normal cells with delayed plasma clearance 

and slow decomposition in liver increasing the systemic bioavailability in pharmacokinetic studies. 

Here we discuss the anticancer role of apigenin highlighting its potential activity as a 

chemopreventive and therapeutic agent. We also highlight the current caveats that preclude 

apigenin for its use in the human trials.
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1.0 Introduction

Cancer is the nemesis in today’s global vicissitudes despite progress, increase in life 

expectancy and rapidly increasing population. There will be an estimated 1,688,780 new 

cancer cases diagnosed and 600,920 cancer-related deaths occur in the United States in the 

year 2017 [1]. Global projections of new cancer cases are expected to increase from 16.8 

million in 2017 to 21.7 million by 2030 due to increased prevalence and distribution of risk 

factors [2]. Despite recent advancements under development in the area of chemotherapeutic 

agents and other modalities to treat cancer, the side effects and chemoresistance obstruct 

recovery and survival. These shortcomings have led to changes in strategy that aim to reduce 

the incidence and burden of cancer through the development of agents to prevent, reverse, or 

delay the carcinogenic process [3]. The goal of cancer chemoprevention is to identify and 

design new compounds and determine their molecular targets [4]. Epidemiological research 

helps recognize natural dietary substances associated with reduced cancer mortality and 

incidence and clarifies variations in dietary patterns and lifestyle practices across a wide 

geographical range.

Diet is a major lifestyle factor that affects health; poor diets lead to chronic diseases and 

cancer. The World Cancer Research Fund (WCRF) and the American Institute for Cancer 

Research (AICR), recommend increased consumption of vegetables, fruits, and grains to 

help decrease the possibility of cancer development and progression [5]. Foods are not only 

a source of macronutrients (proteins, fats, and carbohydrates) and micronutrients (vitamins 

and minerals); they also contain various amounts of non-nutritional molecules called 

phytochemicals, which have beneficial health effects [6]. The most extensively studied 

groups of phytochemicals include the polyphenols that are present in plants, grains, fruits, 

and vegetables. Flavonoids are natural polyphenols produced by plants that can be 

subcategorized into anthocyanidins, flavanols, flavanones, flavonols, flavones, and 

isoflavones [7]. The beneficial properties attributed to plant flavonoids include antioxidant, 

anti-inflammatory, and anti-carcinogenic effects.

Several epidemiological studies have highlighted the benefits of a healthy diet and the 

number of phytochemicals consumed around the globe including a population-based 

analysis of the average intake of five flavonoids viz. quercetin, kaempferol, myricetin, 

luteolin, and apigenin among 7 countries [8–13]. These contents varies from 6 mg/day in 

Finland to 64 mg/day in Japan with intermediary intake in the United States (13 mg/day), 

Italy (27 mg/day), and the Netherlands (33 mg/day) [8]. Aherne and O’Brien (2002) 

assessed the number of flavonoids consumed within Europe and found lower rates of 

consumption among the Hungarian population as opposed to the Dutch (23 mg/day), Danish 

(28 mg/day), and Finnish (55 mg/day) populations [9]. A comparative study conducted on 

the flavonoid consumption between continents has revealed the lowest intake (1–9 mg/day) 

in the South African diet while the highest intake was from the Scandinavian diet (75–81 
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mg/day) [10]. The dietary sources for flavones and flavonols vary between various countries; 

for example, sources include teas in Japan (95%) and the Netherlands (65%) and beer and 

red wine in Italy (46%). Finland consumes 100% of flavonols and flavones from vegetables, 

whereas 80% of the dietary source in the United States is from fruits and vegetables. In the 

Australian sub-continent, tea provides a primary source of dietary flavonoids, especially 

flavan-3-ols (75%), with rates of consumption as high as 351mg/person/day [11]. A 

comparison between phenol-rich and phenol-depleted diets showed that a diet rich in 

flavonoids decreases oxidative stress markers in blood including antioxidant vitamins in 

plasma, erythrocyte superoxide dismutase (SOD), and diminution in lymphocyte DNA 

damage, endorsing the benefits of flavonoids and their effects on human health [12]. 

Apigenin is a major component of the Mediterranean diet associated with lower rates of 

numerous human diseases, including cancer [13]. In addition to other plant flavones, 

apigenin is an important compound found in fruit- and vegetable-rich diets. In this review, 

we discuss the anticancer properties of apigenin and the required efforts to strengthen its role 

as a chemopreventive and chemotherapeutic agent.

2.0 Sources of apigenin

The name apigenin is derived from the Apium genus in the Apiaceae (the celery, carrot, or 

parsley family, also known as Umbelliferae). Apigenin naturally occurs as a 4′, 5, 7-

trihydroxyflavone. Structurally, the compound possesses hydroxyl groups at positions C-5 

and C-7 of the A-ring and C-4′ of the B-ring. Apigenin is a yellow crystalline powder that is 

insoluble in water and soluble in dimethyl sulfoxide and hot ethanol. It has the molecular 

formula C15H10O5, and its molecular weight is 270.24 Da. Biapigenin, an apigenin dimer, 

isolated from the buds and flowers of Hypericum perforatum exhibits neuroprotective 

effects. Naturally, apigenin exists as apigenin-7-O-glucoside and various acylated 

derivatives. Apigenin is found as a single ingredient in chamomile tea, obtained from the 

dried flowers of Matricaria chamomilla, an annual herb native to Western Asia and Europe; 

naturalized in Australia, Britain, and the United States. Drinks prepared from chamomile 

contains 0.8% to 1.2% apigenin and essential oils possessing aromatic, flavoring, and 

coloring properties. Apigenin is also a component of red wine and beer. Apigenin is 

abundant in a variety of natural sources, including fruits and vegetables. The best sources of 

apigenin are parsley, chamomile, celery, vine-spinach, artichokes, and oregano, and the 

richest sources are in the dried forms [14, 15]. Dried parsley has been reported to have the 

maximum quantity of apigenin, at 45,035 μg/g. Additional sources of apigenin are dried 

flower of chamomile, containing 3,000 to 5,000 μg/g; celery seeds, containing 786.5 μg/g; 

and vine spinach and Chinese celery, containing 622 μg/g and 240.2 μg/g [16].

3.0 Apigenin in human health and disease

Extensive studies performed in patients and healthy individuals have shown apigenin to 

possess anticancer properties. In the past, apigenin was documented as a chemopreventive 

agent with significant efforts in studying its efficacy in preventing cancer progression. A 

study conducted by Nielsen et al. [17], apigenin was systematically absorbed in subjects 

consuming parley-rich diets; subsequently, higher levels of erythrocyte glutathione reductase 

and superoxide dismutase was observed. However, erythrocyte catalase and glutathione 
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peroxidase levels remained unchanged. Flavonoids have been shown to induce reductions in 

the plasma levels of low-density lipoproteins, inhibit platelet aggregation, and reduce cell 

proliferation [18–21]. A cross-sectional study in Japanese women demonstrate an inverse 

relationship between total flavonoid intake and total cholesterol and low-density lipoprotein 

concentration in the plasma [22]. Janssen et al. [23] evaluated the impact of daily dietary 

consumption of apigenin (84 ± 6 mg from parsley) and quercetin (377 ± 10 mmol from 

onions) on platelet aggregation and other hematologic measures in a seven-day study of 

eighteen healthy men and women. No significant alterations in collagen- or ADP-induced 

platelet numbers, factor VII, plasminogen and plasminogen activator inhibitor-1 activity, or 

fibrinogen concentrations were observed. These studies highlight the inherent properties of 

apigenin and help categorize it as a beneficial compound with health-promoting and disease-

preventing properties.

Apigenin containing dietary source have found profound application in treating several 

ailments. The presence of apigenin in passion flower makes it useful to treat asthma, 

neuralgia, shingles, intransigent insomnia and Parkinson’s disease [15]. Similarly high 

apigenin content in chamomile makes it a good antiphlogistic, antispasmodic, and 

antibacterial agent. For centuries chamomile tea has been used as a folk medicine remedy. 

Consumption of 3–4 cups of chamomile tea per day has been used to relieve indigestion or 

calming gastritis and as skincare product reducing cutaneous inflammation and 

dermatological problems [24]. Studies providing objective evidence of the beneficial 

properties of apigenin on human health are quite limited; however, some epidemiologic and 

clinical studies substantiate that apigenin is useful in counteracting coronary artery disease, 

gastrointestinal irritation, dermatological disorders, in alleviating labor pain, and in 

providing antidepressant, calming and relaxing effects. Also, several studies reveal that the 

anticancer properties of apigenin are mediated through responses to oxidative stress DNA 

damage, inhibition of angiogenesis and inflammation, suppression of cell growth, and 

induction of apoptosis and autophagy [16]. At the molecular level, apigenin remains a well-

known inhibitor of several protein-tyrosine and serine- kinases including MAPK, PI3K-Akt, 

Src kinase, casein kinase 2, cell cycle regulated kinases, JAK kinases affecting various 

signaling pathways including IGF-growth axis, NF-κB, Stat-3, p53, etc. Other putative 

targets of apigenin include heat shock proteins [15, 25], telomerase [26], fatty acid synthase 

[27], matrix metalloproteinases [28], and aryl hydrocarbon receptor HER2/neu [29], all of 

which have relevance to the initiation of several human malignancies. A list of potential 

targets of apigenin in different human cancers is shown in Table 1.

4.0 Epidemiological studies on apigenin in cancer

Epidemiologic and case-control studies have shown an inverse relationship between gastric, 

colorectal, breast, ovarian, and endometrial cancers and non-Hodgkin’s lymphoma and 

intake of total flavonoids, flavonoid subgroups, or individual flavonoids [15]. The Zutphen 

study followed a cohort of 878 for 25 years following the intake of 5 flavonoids: apigenin, 

kaempferol, luteolin, myricetin, and quercetin and found reduced incidence of mortality 

from various cancers. These findings were encouraging in demonstrating that high 

flavonoids source from vegetables and fruits intake reduced the risk of cancer [30]. A large 

cohort of 9,959 Finnish men demonstrate stronger support for the protective effect of 
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flavonoids against lung cancer and other malignancies followed from 1967 to 1991 [31]. 

Another Zutphen study examined the relationship between five common dietary flavonoid 

intake on ovarian cancer. The study established that dietary supplementation of these 

flavonoids decreased ovarian cancer risk [32]. A multi-centric case-control study conducted 

between 1992 and 1999 in Italy further confirmed the inverse relationship between the 

consumption of common flavonoids and ovarian cancer risk by utilizing data from 1,031 

cases with histologically confirmed epithelial ovarian cancer and 2,411 control cases [33]. 

Another case-control study from Italy conducted between 1991 and 1994 exhibited an 

inverse association between flavone intake and risk of breast cancer on 2,569 women with 

histologically confirmed breast cancer and 2,588 controls cases [34]. A study analyzing a 

group of five flavonoids (quercetin, kaempferol, myricetin, apigenin, and luteolin) in 

combined food samples, performed on 738 elderly patients, a median age of 65–84 years, 

and without a history of cancer. The subjects followed for five years and the study concluded 

that a high intake of flavonoids from fruits and vegetables was associated with a reduced risk 

of cancer [35]. To establish a dietary baseline and dietary history, the study, including 10,054 

men, showed that males with higher myricetin intakes have a lower prostate cancer risk [36]. 

Conclusions drawn from other studies also support similar findings where flavonoid 

consumption was associated with decreased risk of sporadic colorectal cancer including 

reduction in disease recurrence [37]. Gates et al. [38] studied the association between 

apigenin, kaempferol, luteolin, myricetin and quercetin, and ovarian cancer risk in 1,141 

patients with ovarian cancer and 1,183 frequency-matched control subjects. The study 

showed no clear relationship between the rates of ovarian cancer and the total ingestion of 

the five flavonoid compounds. An association between flavonoid intake and ovarian cancer 

risk among women with and without a history of tubal ligation revealed a stronger 

association with apigenin consumption and ovarian cancer without a history of tubal ligation 

[39]. Also, for women with no history of tubal ligation, apigenin consumption (quintiles four 

and five) showed a significant decrease in ovarian cancer risk [39]. Thus, analyses of 

individual flavonoids revealed that only apigenin intake was associated with reduced cancer 

risk (with significance), suggesting its strong role as an anticancer agent.

5.0 Effect of apigenin in various human cancers

5.1 Breast cancer

Apigenin has been shown to possess anti-proliferative effects on breast cancer cell lines 

exhibiting varying levels of HER2/neu [40, 41]. HER2/neu belongs to the family of human 

epidermal growth factor receptor (HER/EGFR/ERBB). Amplification or overexpression of 

HER2/neu plays an important role in the development and progression of breast cancer with 

aggressive behavior [40]. The anti-proliferative effects of apigenin was significantly higher 

in breast cancer cells over-expressing HER2/neu but was much less efficacious in restricting 

the growth of cell lines expressing HER2/neu at basal levels [40]. Apigenin induces 

apoptosis in a dose- and time-dependent fashion in breast cancer cells over-expressing 

HER2/neu [41]. Phosphatidylinositol 3-kinase (PI3K) and Akt/PKB play a significant role in 

inhibition of apoptosis in cells over-expressing HER2/neu. Apigenin interferes in the cell 

survival pathway by inhibiting Akt function by directly blocking PI3K activity [42]. 

Moreover, apigenin administration led to the depletion of HER2/neu protein in vivo, 
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consequently inhibiting its auto phosphorylation and transphosphorylation. Additional 

studies demonstrate apigenin-mediated apoptosis in HER2/neu-expressing breast cancer 

cells resulted in decrease expression of HER2/neu protein and, subsequently, suppressing the 

signaling cascade of the HER2/HER3-PI3K/Akt cell survival pathway. Apigenin exposure to 

breast cancer cells resulted in apoptosis through the release of cytochrome c with the rapid 

increase of DNA fragmentation factor (GADD)-45. Apigenin treatment in breast cancer cells 

also results in decreased expression of cyclin D1, D3, and cdk4 and increased quantities of 

p27 protein [41]. Furthermore, groups have also uncovered the role of apigenin as an agent 

that induces autophagy during apoptosis [16]. Apigenin-induced autophagy in aggressive 

breast cancer cells simultaneously caused apoptosis suggesting the involvement of processes 

inhibiting proliferation and inducing cell death [43]. Low-dose apigenin has the potential to 

slow or prevent breast cancer progression [44]. Apigenin exerts its toxic effects on breast 

cancer cells while causing minimal damage to healthy cells, thereby indicating its selectivity 

in inhibiting tumor possession [45]. In triple-negative breast cancer cells, apigenin induces 

apoptosis by inhibiting the PI3K/Akt pathway thereby increasing FOXO3a expression that 

may attenuate cell migration and invasion-inducing apoptosis [46].

Protein kinase C (PKC)-activating phorbol ester (PMA) and peptide hormones prevent 

apoptosis through the stimulation of PI3K and MAPK pathways [42]. MCF-7 breast cancer 

cells treated with PMA resulted in the suppression of TNFα-induced apoptosis [42]. Other 

effects of apigenin on cell survival pathways relates to its suppression of PMA-induced 

AP-1 activity, thereby supporting its role as an anti-tumor agent. Apigenin treatment 

inhibited tumor cell invasion in estrogen-insensitive MDA-MB231 breast cancer cell line in 

a dose-dependent manner [47]. In breast carcinoma cells, apigenin prevents growth and 

induces G2/M arrest through its downstream effects on ERK MAP kinase and cyclin-CDK 

regulators [48]. Apigenin exerts inhibitory effects on breast cancer MCF-7 cells, expressing 

tumor suppressors’ wild-type p53 and retinoblastoma (Rb) and expressing mutant p53 and 

no Rb in MDA-MB-468 cells. Apigenin caused G2/M phase cell cycle arrest which 

correlated with a marked decrease in CDK1 and cyclin B1 expression and reduction in 

CDK1 kinase activity. Apigenin exposure resulted in reduced levels of cyclin D1 and A, 

CDK4, and the inhibition of Rb-phosphorylation; however, cyclin E, CDK2, and CDK6 

levels were unaffected. Moreover, apigenin treatment resulted in activation of ERK MAP 

kinase phosphorylation in MDA-MB-468 cells [48]. Wang & Kurzer [49, 50] analyzed the 

relationship between apigenin and DNA synthesis on estrogen-dependent MCF-7 cells 

exposed to estradiol (E3), epidermal growth factor, insulin, or tamoxifen and observed that 

apigenin inhibits E2-induced DNA synthesis in a variable and concentration-dependent 

manner. Collins-Burow et al. [51] assessed estrogenic and anti-estrogenic effects on 

flavonoids in the MCF-7 cells and demonstrated that apigenin exhibits anti-estrogenic 

activity facilitated through ER binding-dependent and independent- mechanisms [51]. The 

anti-estrogenic effect demonstrated by apigenin is important in the regulation of breast 

cancer cell proliferation.

Zhang et al. [52] studied the effects of several plant flavonoids used alone or in 

combinations of breast cancer resistance protein (BCRP) and found that the combination at 

equimolar concentrations was highly effective in inhibiting BCRP. Additionally, Stroheker et 

al. [53] examined the endocrine disruption capabilities of bisphenol derivatives on apigenin 
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and other plant flavonoids, and the impact on ER(+) MCF-7 and AR(+) and GR(+) MDA-

MB453 human breast carcinoma cells. The results suggest that these compounds exert a 

biphasic effect, acting as partial androgen receptor (AR) agonists at low levels and as GR 

agonists at high concentrations [53]. Apigenin and genistein have demonstrated anti-

proliferative activity on MCF-7 and T47D cells (ERα-positive), but not the ERα-negative 

MDA-MB-435 cell line [54]. Therefore, the estrogenicity of the phytochemicals contributes 

to the stimulation of cellular proliferation or reduction in aromatase activity, suggesting that 

these flavonoids must be used with caution [55]. In HER2-overexpressing breast cancer 

cells, apigenin-exerted anti-proliferative activity by inhibiting STAT3 signaling, suggesting 

its potential as a preventive agent [56]. In addition, apigenin also down-regulated STAT3 

target genes MMP-2, MMP-9, VEGF and Twist1, which are involved in cell migration and 

invasion of breast cancer cells [56–58]. Combination treatment of apigenin with chrysin in 

triple negative breast cancer cells caused marked decrease in cell motility as a consequence 

of the inhibition of matrix metalloproteinases (MMP)-2 and MMP-9, leading to apoptosis 

[59].

Brusselmans et al. [60] demonstrated that plant flavonoids induce apoptosis in prostate and 

breast carcinoma cells due to their ability to inhibit fatty acid synthase, an enzyme that 

catalyzes long chain fatty acid synthesis and is over-expressed in several cancer cells. This 

study provided indication that six plant flavonoids, including apigenin, inhibit cancer cell 

growth and survival due to their effects on fatty acid synthesis [60]. Identification of new 

target protein interactions through phage display, coupled with second generation 

sequencing reported in breast cancer cells, discovered three main pathways affected by 

apigenin, including GTPase activation, membrane transport, and mRNA metabolism/

alternative splicing. Apigenin binds to the glycine-rich domain of hnRNPA2, thereby 

inhibiting its dimerization, a mechanism that is essential for RNA binding. hnRNPA2 is 

involved in mRNA metabolism and splicing associated with various malignancies. The 

interaction between apigenin and hnRNPA2 explains that apigenin exerts anti-carcinogenic 

activity by increasing apoptosis together with the use of chemotherapeutic drugs [61]. Also, 

studies suggest that combining apigenin with other flavones such as genistein inhibited 

tumor growth by complexing with Cu (II), thereby significantly enhancing the antitumor 

properties [62]. In triple-negative breast cancer cells, apigenin results in epigenetic changes 

by inducing histone H3 acetylation, thereby decreasing cyclin A and cyclin B and increasing 

p21/Waf1/Cip1 levels [63]. A sub-cytotoxic concentration of apigenin inhibits IFN-γ-

induced PD-L1 expression in MDA-MB-468 and 4T1 breast cancer cells, associated with 

reduced phosphorylation of STAT1, transiently at Tyr701 and persistently at Ser727. 

However, apigenin exposure did not affect constitutive PD-L1 expression in triple-negative 

MDA-MB-231 BC cells but was more susceptible to T-cell-mediated antitumor immune 

responses [64].

5.2 Colon cancer

Wang et al. [65] were the first to report the effect of apigenin on cell growth in various 

human colon cancer cell lines [65]. Apigenin exposure to colon cancer cells demonstrated 

anti-proliferative effects, followed by reversible G2/M phase arrest in the cell cycle, and led 

to decreased levels of cyclin B1 and p34 (cdc2) protein levels. Wang et al. [66] further 
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analyzed the effects of seven analogs of apigenin on cell viability and cell cycle in human 

colon cancer cell lines. The results of this study suggest that five of the seven apigenin 

analogs caused induction of cell-cycle arrest and their combination at small doses 

synergistically protect against colorectal cancer by collectively inhibiting cell-cycle 

progression. Apigenin has been shown to stabilize the tumor suppressor p53 in normal cells. 

In fact, cancer preventive effects of apigenin may be due to its modifying effects on tumor 

suppressor p53 [67]. Apigenin exposure to two p53-mutant HT-29 and MG63 cancer cell 

lines leads to growth inhibition and G2/M cell cycle arrest, accompanied by increase in p21/

Waf1 expression in a dose- and time-dependent manner [68]. The result indicate the 

possibility of p53-independent pathway responsible for apigenin-mediated growth inhibition 

through induction in p21/Waf1 expression in p53-mutant cells.

Farah et al. [69] demonstrated apigenin- and 5,6-dichloro-ribifuranosylbenzimidazole- 

(DRB)-induced sensitization of HCT-116 and HT-29 colon cancer cells to TNFα-mediated 

apoptosis. Apigenin and DRB inhibited casein kinase (CK)-2 expression in these cells 

resulting in a synergistic diminution in cell survival after exposure to TNFα [69]. VanDross 

et al. [70] highlighted that modulation of the MAPK cascade, may in part, be responsible for 

the chemopreventive activity of apigenin. Induction of ERK and p38 kinase phosphorylation 

was noted after apigenin exposure, which was dose-dependent; with little effect on the 

phosphorylation of c-Jun amino-terminal kinase (JNK). In the azoxymethane (AOM)-

induced CF-1 mice, apigenin treatment resulted in the inhibition of formation of aberrant 

crypt foci and ornithine decarboxylase (ODC), a rate-limiting enzyme of the polyamine 

synthesis pathway, along with mutant Adenomatous Polyposis Coli (APC) gene [71].

Svehlikova et al. [72] demonstrated the relationship between apigenin and sulforaphane in 

the induction of UDP-glucuronosyltransferase 1-1 (UGT1A1) and glutathione S-transferase 

A1 (GSTA1) and the phase II detoxifying enzymes in human colorectal adenocarcinoma 

CaCo-2 cells. Apigenin induces UGT1A1 transcription but not GSTA1, whereas 

sulforaphane-induced both UGT1A1 and GSTA1 transcription in a time- and dose-

dependent fashion. Therefore, apigenin and sulforaphane synergistically induce UGT1A1 

mRNA expression but not GSTA1. The results suggest that diverse signal transduction 

pathways might regulate the expression of detoxification enzymes [73]. Al-Fayez et al. [74] 

determined that apigenin exhibits more potency than quercetin or tricin in downregulating 

inducible COX-2 levels in HCEC cells. Apigenin also contributes to TRAIL-mediated cell 

death by activating the DR5 death receptor in colon cancer cells [75]. TRAIL, a member of 

the TNF family, triggers apoptosis in cancer cells via interacting with death receptor 4 

(DR4) and death receptor 5 (DR5) leading to the formation of the death-inducing signaling 

complex (DISC) with a subsequent binding of caspase-8. Recruitment of caspase-8 to the 

DISC activates its proteolytic properties initiating terminal caspase-3 activation, promoting 

the cleavage of death substrates and thereby inducing apoptosis. Further investigation shown 

that apigenin inhibits ODC activity and the formation of aberrant crypt foci (ACF) but fails 

to inhibit adenoma formation in the Min mouse, showing promise as a chemopreventive 

agent [74]. Studies demonstrate that apigenin mediates apoptosis and G2M cell cycle arrest 

in colon cancer cells involving APC tumor suppressor [76]. Feeding rats with 

azoxymethane, an inducer of colon cancer, with a diet of 97% pure apigenin isolated from 

Citrus aurantium L. protected the animals from colon cancer, reducing the incidence of ACF 
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significantly [77]. One of the mechanisms of action of apigenin in colon cancer cells to 

induce apoptosis suggests the involvement of PKCδ that activates p21 and growth/

differentiation factor 15 (NAG-1), followed by apoptosis and inhibition cell proliferation in a 

p53-independent manner [78]. The same study also exhibited that apigenin could activate 

p53 by phosphorylating it at Ser-37 and Ser-15 via the ataxia telangiectasia mutated (ATM) 

pathway to potentiate apoptosis. Turketekin et al. [79] reported that apigenin-induced cell 

cycle arrest and apoptosis in p53 mutant colon cancer cells. Similar studies also show that 

apigenin possesses autophagy-inducing effects in HCT116 colon cancer cells, and combined 

treatment with inhibitor 3-methyladenine (3-MA), an autophagy inhibitor, potentiates 

apoptosis [80]. CD26, a multifunctional cell-surface protein, in humans, is encoded by the 

DPPIV gene. The substrates of CD26/DPPIV are proline (or alanine)-containing peptides 

that binds with enzyme adenosine deaminase and appears to work as tumor suppressor 

inhibiting pathways involved in tumor metastasis. CD26/DPPIV is down-regulated in 

various cancers including colorectal carcinoma. Apigenin substantially upregulates CD26/

DPPIV on human colorectal cancer HT-29 and HRT-18 cells to inhibit metastasis [81]. 

Synergistic interaction between apigenin and ABT-263, a BH3 mimetic inhibitor of the 

Bcl-2 family, was more potent than apigenin or ABT-263 alone in inhibiting tumor growth in 

xenograft tumors of colon cancer cells [82].

Wang et al. [83] demonstrated that apigenin at 20 mg/kg caused the antitumor activity of 

human colorectal carcinoma (CRC) SW480 xenografts implanted in nude mice. In an 

orthotopic CRC model, apigenin at a dose of 10 mg/kg inhibited tumor growth and 

metastasis to the liver and lungs. Apigenin treatment up-regulated transgelin, suppressed 

MMP-9 expression by attenuating phosphorylation of Akt at Ser473 and in particular 

Thr308 to prevent cell proliferation and migration [84].

5.3 Gastric cancer

Wu et al. [85] examined the effect of apigenin on gastric cancer by utilizing human gastric 

carcinoma SGC-7901 cells. Apigenin treatment resulted in dose-dependent cell growth 

inhibition, clone formation via induction of apoptosis [85]. In Helicobacter pylori-infected 

gastric adenocarcinoma cells, apigenin treatment effectively inhibited NF-κB activation, 

scavenged free radicals, and stimulated MUC-2 secretion. Its effect on the NF-κB pathway 

impacted relevant inflammatory factors such as cyclooxygenase (COX)-2, intercellular 

adhesion molecule (ICAM)-1, reactive oxygen species (ROS), interleukin (IL)-6, and IL-8. 

Apigenin exhibits higher potential for the prevention of H. pylori-induced gastric epithelial 

inflammation [86]. Apigenin remarkably inhibited H. pylori-induced atrophic gastritis and 

gastric cancer progression in eight-week-old Mongolian gerbils. The study also reports 

apigenin to possess potent anti-gastric cancer activity [86]. Apigenin treatment of HGC-27 

and SGC-7901 gastric cancer cells resulted in the inhibition of proliferation followed by 

mitochondrial depolarization resulting in apoptosis [87].

5.4 Liver Cancer

The 7-hydroxyl group present in plant flavonoids is a putative inhibitor of the human P-form 

phenol sulfotransferase, which plays an important role in drugs metabolism. A major 

function of the P-form phenol sulfotransferase is to inactivate and rapid eliminate sulfuric 
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acid ester conjugates or facilitate the formation of conjugates possessing higher 

pharmacological activity [88]. Studies demonstrate that addition of a prenyl group to 

apigenin increases the hydrophobicity, thereby enhancing its pharmacological and 

biochemical properties. C8-prenylation of apigenin augments the cytotoxic effects and 

induces apoptosis in H4IIE hepatoma cells without modifying anti-oxidative properties [89]. 

Yee et al. [90] demonstrated that treatment of human hepatocellular carcinoma HepG2 cells 

with apigenin and luteolin resulted in inhibition of cell growth, cell cycle arrest, and 

downregulation of CDK4 expression, along with induction of p53 and p21 [90]. In Wistar 

albino rats, Jeyabal et al. [91] found apigenin to exert protective effects against N-nitroso-

diethylamine-induced and phenobarbital promoted hepatocarcinogenesis. Two weeks of 25 

mg/kg apigenin supplementation led to protection against the oxidative stress and DNA 

damage caused by exposure to the carcinogen [91]. Anti-proliferative effects of apigenin in 

HepG cells revealed the activation of p53 mediated the induction of p21, causing G2M cell 

cycle arrest [90]. Further studies revealed apigenin-induced apoptosis in hepatoma tumor 

cells by utilizing ROS generated through the activation of the NADPH oxidase [92]. The 

inhibitory role of apigenin in hepatoma cell growth is reported to be mediated by alterations 

in gene expression profiles confirmed through cDNA microarrays [93]. Apigenin 

significantly sensitized doxorubicin-resistant BEL-7402 (BEL-7402/ADM) cells to 

doxorubicin (ADM) and increased the intracellular concentration of ADM by reducing Nrf2-

mediated genes through the downregulation of the PI3K/Akt pathway. Apigenin and ADM 

co-treatment resulted in reduced proliferation, tumor growth inhibition, and apoptosis 

induction, compared to ADM treatment alone. These results underline the role of apigenin as 

an adjuvant to overcome chemoresistance [95]. In hepatocellular carcinoma tumors, 

apigenin enhanced the cytotoxicity of fluorouracil (5-FU), overcoming resistance by 

inhibiting ROS-mediated drug resistance, leading to mitochondrial depolarization and 

apoptosis [96]. Cell-based assays demonstrated apigenin as a potent inhibitor of human 26S 

proteasome. Apigenin treatment led to increase in the ubiquitination of endogenous proteins 

and inhibition of chymotrypsin-like, trypsin-like, and caspase-like activities of the human 

26S proteasome. Apigenin also enhanced the phosphorylation of signal transducer and 

activator of transcription proteins (STAT1 and STAT2) and promoted the endogenous IFNα-

regulated gene expression preventing the ubiquitination of type I interferon receptor 1 

(IFNAR1) [97].

5.5 Lung cancer

Liu et al. [98] determined whether apigenin had a dose-dependent inverse relationship 

between proliferation of A549 lung cancer cells and transcriptional activation of the vascular 

endothelial growth factor (VEGF). VEGF is the most important growth factor that provides 

the tissue surrounding the tumor with nutrients for vascular permeability. Apigenin acts on 

the HIF-1 binding site, which decreases HIF-1α, but not the HIF-1β subunit, thereby 

inhibiting VEGF. Apigenin further acts to inhibit AKT and p70S6K1 activation, factors that 

play a role in mediating VEGF transcriptional activation. Additionally, apigenin at 15 μM 

treatment in mice carrying A549 lung cancer xenografts reduced the tumor volume by 

partially inhibiting the HIF-1α-vascular endothelial growth factor pathway and subsequent 

suppression of angiogenesis and cell proliferation [98]. Lung cancer SQ-5 cells exposed to 

apigenin exhibited greater radiosensitivity and apoptosis compared to cells without apigenin 
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exposure [99]. Moreover, apigenin was found to inhibit angiogenesis, as suggested by 

decreased HIF-1α and VEGF expression in cancer cells after exposure in nude mice with 

implanted lung tumors. Another study by Engelmann et al. [100] demonstrated the effects of 

apigenin treatment in experimental Lewis lung carcinomas (LLC), C-6 gliomas and DHDK 

12 colonic cancers in vivo. Mice with tumors received an apigenin dose of 50 mg/kg/day in 

three different galenical formulations over 12 days in 8-h intervals. Although LLC, C-6, and 

DHDK 12 and endothelial cells demonstrated high sensitivity to apigenin in cell culture with 

marked growth suppression at concentrations beyond 30 μg/ml; however, no in vivo 
response was evident [100]. Mice on B57BL/6N background implanted with B16-BL6 

tumors exhibited a decreased quantity of tumor cells adhered to lung vessels after treatment 

with apigenin and quercetin in a single dose [101]. Apigenin seems to be a promising radio-

sensitizer for use in human lung carcinomas. Apigenin sensitized SQ-5 spheroids (cell 

aggregates growing in a three-dimensional structure that simulate growth and 

microenvironment conditions of in vivo tumors) to radiation [99]. In lung cancer cells, 

apigenin treatment caused dysfunction of mitochondria leading to Bax activation, 

cytochrome c release, AIF, and Endo G, resulting in caspase-mediated apoptosis [102, 103]. 

Similar studies by Das et al. [104] reveal that apigenin treatment in lung cancer cells caused 

DNA interaction, damage, and mitochondrial dysfunction either by direct or indirect action 

on mitochondrial oxidative phosphorylation system.

Bruno et al. [105] demonstrate that apigenin upregulates leptin receptors to cause apoptosis 

in lung cancer cells while co-treatment with leptin inhibited cell proliferation. Synergistic 

administration of curcumin and apigenin may be beneficial for further development as cost-

effective anticancer drug combination. Combined treatment with these agents being applied 

to lung cancer cells induced apoptosis and blocked cell cycle progression at the G2/M phase. 

Co-administration of apigenin and curcumin, exhibited strong depolymerizing effects on 

interphase microtubules and inhibited reassembly of cold depolymerized microtubules. This 

outcome suggests that these agents bind to tubulin at diverse locations [106]. Apigenin 

exposure NSCLC lung cancer cell resulted in inhibition of proliferation and downregulation 

of Axl expression, with subsequent alterations in p21 and XIAP expression [107]. Apigenin 

induces apoptosis and slows cell growth through metabolic and oxidative stress as a 

consequence of the down-regulation of glucose transporter 1 (GLUT1). Such action leads to 

a decreased glucose utilization in lung cancer cells. On the contrary, the activation of 

pentose phosphate pathway-mediated NADPH reversed the effects of apigenin by ectopic 

GLUT1 overexpression and galactose supplementation. The combined treatment of apigenin 

with a glutaminase inhibitor, compound 968, sensitized lung cancer cells and caused severe 

metabolic stress [108]. A small concentration of apigenin synergistically induced cell 

apoptosis through multiple targets that included caspases and NF-κB pathways in NSCLC 

cell lines in combination with tumor necrosis factor related apoptosis-inducing ligands 

(TRAIL). These studies suggest that apigenin possesses substantial therapeutic value for use 

in conjunction with TRAIL against lung cancer cells [109].

5.6 Pancreatic cancer

Pancreatic cancer remains one of the most deadly forms of human cancer with poor 

prognoses in spite of attempts to resection and adjuvant therapy. Studies with apigenin in 
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combination with cell cycle inhibitor flavopiridol have shown to inhibit pancreatic tumor 

growth through suppression of cyclin B-associated cdc2 activity and G2/M arrest [110]. 

Apigenin administered in combination with gemcitabine enhanced anti-tumor efficacy 

through suppression of Akt and NF-κB activity and apoptosis induction in human pancreatic 

cancer MiaPaca-2 and AsPC-1 cells and pancreatic tumors from nude mice [111]. In a study 

conducted by Strouch et al. [112], co-treatment with apigenin and gemcitabine, led to cell 

cycle arrest, down-regulation of p-Akt, and induction of apoptosis in pancreatic cancer cells. 

Individually, apigenin regressed pancreatic tumors by inhibiting the key members of the NF-

κB pathway [113]. In both hypoxic and normoxic conditions, apigenin inhibited GLUT-1, 

HIF-1α, and VEGF at mRNA and protein levels in pancreatic cancer cells. The study 

suggests that apigenin has a potential to be developed as a future chemopreventive agent 

[114]. King et al. [115] demonstrated that treatment of pancreatic cells with apigenin 

enhanced the acetylation of p53 at Lysine382 causing increased nuclear translocation 

increasing its DNA binding. In this study, six weeks treatment of orthotopically implanted 

nude mouse model of human pancreatic cancer with apigenin in diet at 0.2% significantly 

caused antitumor activity. Furthermore, apigenin increased the functions of mutant p53 in 

pancreatic cell lines [115]. Apigenin inhibited the tobacco-derived carcinogen-mediated cell 

proliferation and migration involving the β-AR and its downstream signals FAK and ERK 

activation [116]. Another study suggests apigenin causing inhibition of GSK-3β and NF-κB 

pathway in pancreatic cancer cells to mediate apoptosis [117]. Restriction of the NF-κB 

pathway by apigenin has been shown to involve the inhibition of its upstream kinase IKKβ 
and overcome TNFα-induced NF-κB activity [113].

Pancreatic cancer cells evade immune destruction through the development of regulatory T 

cells (Tregs) that inhibit effector T cells through regulation of transcription factor Ikaros. 

The decrease in Ikaros expression causes a reduction in the CD4+ and CD8+ T cell 

expression, and an increase in CD4+ CD25+ Tregs in tumor-bearing mice. In pancreatic 

cancer cells, CK2 regulates Ikaros expression, and apigenin has shown to stabilize Ikaros by 

downregulating CK2 to central T cell homeostasis [118].

5.7 Prostate cancer

Knowles et al. [119] determined the effects of plant flavonoids including apigenin on the 

androgen-refractory human prostate cancer PC-3 cell line, and observed that apigenin 

exposure led to complete growth restriction of these cells. Studies have also investigated the 

effects of flavonoids on the activity and phosphotyrosine content of proline-directed protein 

kinase FA (PDPK FA), an oncogene utilizing human prostate cancer cells. Low doses 

treatment of human prostate cancer cells with quercetin, apigenin, and kaempferol for 

prolonged times resulted in tyrosine dephosphorylation and inactivation of oncogenic PDPK 

FA [120]. Furthermore, apigenin treatment to various human prostate cancer LNCaP, PC-3, 

and DU145 cells and in transformed human prostate epithelial PWR-1E cells resulted in 

decrease proliferation and induction of apoptosis [121]. In the study, the LNCaP and 

PWR-1E cells were more sensitive to apigenin-induced apoptosis than PC-3 and DU145 

cells. Apigenin also causes caspase-dependent apoptosis in prostate cancer cells. Apigenin 

exposure resulted in increased ROS generation, loss of mitochondrial Bcl-2 expression, 

increases mitochondrial permeability, causing cytochrome C release, and cleavage of 
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caspase 3, 7, 8, and 9 with the concomitant cleavage of the inhibitor of apoptosis protein, 

cIAP-2 [121]. Over-expression of Bcl-2 in LNCaP B10 cells decreases the apoptotic effects 

of apigenin. Hessenauer et al. [122] determined that apigenin exposure inhibited CK2 

activity in both hormone responsive LNCaP cells and hormone refractory PC-3 cells; 

however, only LNCaP cells exhibited apoptosis. [122].

Gupta et al. [123] evaluated the growth-inhibitory effects of apigenin on normal (NHPE), 

virally transformed (PZ-HPV-7) and prostate cancer (CA-HPV-10) cells. Apigenin exposure 

caused similar levels of mild growth inhibition in NHPE and PZ-HPV-7 cells. In contrast, a 

marked reduction in cell viability was noted in CA-HPV-10 cells. Gupta et al. [124] 

elucidated the molecular basis for the apigenin-induced growth restrictions of androgen-

responsive LNCaP cells. Apigenin treatment resulted in decreased intracellular and secreted 

forms of PSA as well as AR protein expression. Apigenin exposure further resulted in G1 

cell cycle arrest after, together with marked reduction in cyclin D1, D2, and E levels as well 

as CDK2, 4, and 6. Furthermore, there was a concomitant induction of Waf1/p21 (in p53 

dependent manner) and Kip1/p27 after the apigenin treatment. Moreover, apigenin restricted 

the hyperphosphorylation of the pRb protein in LNCaP cells [124]. Shukla and Gupta [125] 

studied apigenin-mediated effects on androgen-insensitive DU145 cells harboring mutations 

in p53 and pRb. Apigenin treatment of DU145 cells, in both dose- and time-dependent 

fashion, inhibited growth and colony formation and resulted in G1 cell cycle arrest in these 

cells. Apigenin exposure further altered the Bax/Bcl2 ratio in favor of apoptosis through 

induction of apoptotic protease-activating factor-1 (Apaf-1). This cascade led to an upsurge 

in cleaved products of caspase-9, -3, and poly (ADP-ribose) polymerase (PARP). Treatment 

with apigenin caused downregulation in the nuclear expression of NF-κB/p65 and NF-κB/

p50, associated with upregulation of cytosolic IκBα [125]. Additional investigations by 

Shukla & Gupta [126] analyzed the effectiveness of apigenin in moderating NF-κB 

expression, a ubiquitous transcription factor that regulates cell survival, apoptosis and 

immune functions. Apigenin treatment of PC-3 cells reduced DNA binding and nuclear 

levels of the NF-κB/p65 and NF-κB/p50 subunits with a simultaneous decrease in IκBα 
degradation, IκBα phosphorylation, and IKKα kinase activity. Moreover, apigenin was 

determined to reduce TNFα-induced NF-κB activation via the IκBα pathway, sensitizing 

cells to TNFα-induced apoptosis. Inhibition of NF-κB corresponded with reduced levels of 

NF-κB-dependent reporter gene, as well as NF-κB-regulated genes including Bcl2, cyclin 

D1, cyclooxygenase-2, matrix metalloproteinase 9, nitric oxide synthase-2, and VEGF. 

Additional evidence supported that apigenin-mediated reduction in cell proliferation, 

invasiveness, and decrease in tumor growth results from the downregulation of IKKα and 

downstream targets affecting NF-κB signaling pathways [126]. Shukla et al. [127] 

elucidated that apigenin directly binds to IKKα, inhibiting its kinase activity. Apigenin 

treatment restored IκBα expression, preventing its phosphorylation by upstream kinase IKK 

which undergoes proteasomal degradation [127]. Further assessment by Shukla et al. [128] 

examined the apigenin-induced 22Rv1 tumor growth inhibition subcutaneously implanted in 

athymic male nude mice. The results of this study suggested that apigenin restricted tumor 

growth via increased accumulation of human IGFBP-3 and apoptosis induction. Apigenin 

supplementation also led to low levels of serum IGF-I in tumor xenografts, signifying that 

the downstream effects of apigenin involve regulation of IGF-signaling in prostate cancer 
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[128]. In further studies, oral supplementation of apigenin resulted in increased expression 

of Waf1/p21, Kip1/p27, INK4a/p16, and INK4c/p18 along with decrease in expression of 

cyclins D1, D2, and E, in dose-dependent manner. A decrease in cyclin-dependent kinases 

(cdk) cdk2, cdk4, and cdk6; p-Rb (Ser780); increase in the binding of cyclin D1 toward 

Waf1/p21 and Kip1/p27; and decrease in the binding of cyclin E toward cdk2 were noted in 

tumor specimens [129]. Furthermore apigenin treatment resulted in G0-G1 cell cycle arrest, 

decreased total retinoblastoma (Rb) levels and p-Rb at Ser780 and Ser807/811 in a dose- and 

time-dependent manner in LNCaP and PC-3 cells. Apigenin was found to increase ERK1/2 

and JNK1/2 phosphorylation, resulting in reduction of ELK-1 phosphorylation and c-FOS 

expression, thereby preventing cell survival. Also, apigenin exposure led to decreased levels 

of cell cycle regulatory proteins including cyclin D1, D2 and E and their regulatory partners 

CDK2, 4, and 6, with the loss of RNA polymerase II phosphorylation. The downstream 

effects of apigenin exposure reinforce its effectiveness in inhibiting transcription of integral 

proteins [130]. Shukla et al. [131] evaluated the effect of apigenin on TRansgenic 

Adenocarcinoma of Mouse Prostate (TRAMP) mice. Apigenin supplementation at doses of 

20 and 50 mg/mouse/day, 6 days per week for 20 weeks, significantly decreased prostate 

cancer tumor volumes and complete elimination of metastases. Apigenin treatment resulted 

in higher levels of E-cadherin and reduced levels of nuclear β-catenin, c-Myc, and cyclin D1 

in the prostates of TRAMP mice. These studies suggest that apigenin has ability to block β-

catenin signaling, suppressing prostate carcinogenesis in vivo [131].

Our investigations of apigenin in cell culture and in vivo models suggest that apigenin exerts 

its anticancer effects by perturbing various pathways leading to inhibition of prostate cancer. 

Pandey et al. [132] demonstrated the role of apigenin as a histone deacetylase inhibitor. As 

such, apigenin acts on HDAC1 and HDAC3 and increases the global histone acetylation and 

the localized hyperacetylation of histone H3 on the p21/Waf1 promoter [132]. A study by 

Kanwal et al. [133] demonstrated that apigenin could also function as a dual epigenetic 

inhibitor having ability to alter the DNA methyltransferase and histone deacetylase activity. 

It does so by reversing both DNA methylation and the trimethylation of lysine 27 at the H3 

histone in cultured cells and in an artificial in vitro system [133]. This study further 

supported an investigation on apigenin and its role as a chemopreventive agent.

Abnormal alterations to the insulin-like growth factor (IGF) pathway has been reported to 

stimulate prostate cancer progression, adaptation, and survival in a castrated environment 

and metastasis. A study by Shukla et al. [134] demonstrated that apigenin hindered cancer 

progression in TRAMP mice by altering IGF-I/IGFBP-3 signaling pathway with an effect on 

the inhibition of angiogenesis and metastasis. A reduction in the IGF-1 and increase in 

IGFBP-3 levels in the serum and the dorsolateral prostate was observed in apigenin-treated 

mice. Furthermore, apigenin intake resulted in marked inhibition of p-Akt, p-ERK1/2, 

VEGF, uPA, MMP-2 and MMP-9, corresponding with tumor growth and metastasis 

inhibition in TRAMP mice [134]. Further studies on apigenin in TRAMP mice suggested 

that reduction in PI3K/Akt signaling could also activate FoxO3a and its DNA binding 

ability, increasing BIM and p27/Kip1 protein expression, and ultimately resulting in cell 

cycle arrest and reduced proliferation and metastasis in prostate tumors [135]. Studies 

evaluating apigenin treatment alone or in combination with additional modalities such as 

radiation and chemotherapy suggest apigenin may be beneficial in managing advance-stage 
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prostate cancer. Combination of apigenin with cisplatin showed synergistic cytotoxic and 

anti-migration activity of CD44 positive prostate cancer stem cells. This treatment induced 

apoptosis through downregulation of Bcl-2, upregulation of Apaf-1, p21/Waf1 and p53 

expression, and inhibition of PI3K/Akt and NF-κB signaling pathways [136]. Shukla et al. 

[137] demonstrated the ability of apigenin in inhibiting the IAP family of proteins, thereby 

making prostate cancer cells more susceptible to Bax-mediated apoptosis. Apigenin 

treatment to prostate cancer cells caused decrease in HDAC1 thereby altering acetylation 

status, resulting in increased acetylation of the lysine residues of Ku70, thereby releasing 

Bax from the complex facilitating apoptosis [137]. In further studies of apigenin-mediated 

apoptosis in prostate cancer cells, Sharma et al. [138] demonstrate preferential uptake and 

accumulation of apigenin in the nuclear matrix, binding it with the DNA to reduce oxidative 

DNA damage and apoptosis in prostate epithelial cells.

5.8 Skin cancer

Apigenin displayed beneficial effects in SKH-1 mice in preventing UVA/B-induced skin 

carcinogenesis [139]. Lepley et al. [140] demonstrated that apigenin, when applied topically, 

inhibits UV-mediated stimulation of ornithine decarboxylase activity, reduces tumor 

incidence, and increases tumor-free survival in mice. Apigenin also prevents UV-induced 

skin tumorigenesis by inhibiting cyclins and cyclin-dependent kinases driving cell cycle 

progression. [140]. In mouse keratinocytes, apigenin causes G2/M cell cycle arrest, 

accumulation of p53, and induction of p21/Waf1. Further, apigenin-mediated cell cycle 

arrest led to reduction in p34 (cdk2) kinase activity, independent of p21/Waf1 [141]. 

Apigenin halts the cell cycle at G0/G1 phase by inhibiting cdk2 kinase and inducing p21/

Waf1 in human diploid fibroblasts. Li et al. [142] developed a short-term in vivo model to 

evaluate the efficacy of topical apigenin when applied to local skin lesions. This study noted 

that topical application of apigenin was capable of targeting local tissue [140]. Li et al. [143] 

further demonstrated the response of percutaneous absorption of apigenin using different 

vehicles both in vivo and in vitro models.

Recent observations suggest that apigenin suppresses UVB-induced increase in COX-2 

protein and mRNA in mouse and human keratinocytes [144,145]. COX-2 is an enzyme that 

converts arachidonic acid to prostaglandins, and its overexpression leads to carcinogenesis. 

Caltagirone et al. [146] determined that the combined treatment of quercetin and apigenin in 

vivo inhibited B16-BL6 melanoma lung tumor metastasis. This action was attributed to the 

reduction of endothelial interaction in tumor cells [146]. Topical application of apigenin to 

mouse skin effectively reduces the incidence and size of skin tumors caused by UVB 

exposure inducing apoptosis via the intrinsic and extrinsic apoptotic pathways [147]. 

Exposure of apigenin and luteolin to human keratinocytes inhibited UVA-induced 

collagenolytic MMP-1 production through interference with Ca(2+)-dependent MAPKs and 

AP-1 signaling [148]. Apigenin modifies membrane fluidity by altering the motional 

freedom of polar head groups, thereby decreasing penetration of Pr3+ ions to the membrane. 

The structural and dynamic changes to the membrane caused by apigenin are crucial for 

tumor suppression, signal transduction pathways and cell cycle regulation [149]. The in vivo 
skin model developed by Byun et al. [150] supports that apigenin prevents UVB-induced ear 

edema development, COX-2 expression and Src kinase activity in SKH-1 hairless mice 
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[150]. These results indicate that apigenin prevents skin cancer by epigenetic modifications. 

Apigenin inhibits UVB-induced cutaneous angiogenesis through maintenance of the normal 

high levels of endogenous TSP1 attenuating neo-angiogenesis, proliferation and epidermal 

thickening in mice exposed to UVB irradiation [152]. The protective role of apigenin was 

further deciphered using non-melanoma skin cancer model where apigenin inhibited COX-2 

that promotes proliferation and tumorigenesis. Thus, inhibition of COX-2 averts skin tumor 

development [153]. Aberrant activation of Akt/mTOR characterizes skin cancer 

development as a result of UVB radiation. Apigenin inhibited UVB-mediated mTOR 

activation in mouse skin and in mouse epidermal keratinocytes independent of Akt, and this 

led to autophagy [154]. Using 7,12-dimethyl benz[a]anthracene (DMBA)-induced 

experimental oral carcinogenesis golden hamsters buccal pouch model by painting 0.5% 

DMBA three times a week for 14 weeks, Silvan et al. [155] demonstrated that oral 

administration of 2.5 mg/kg apigenin reduced tumor volume causing inhibition of cell 

proliferation, apoptosis inflammation, and angiogenesis markers, and modulation of phase I 

and II detoxification cascades. In another study, topical application of apigenin in murine 

skin tumorigenesis initiated by DMBA and promoted by 12-O-tetradecanoylphorbol-13-

acetate in SENCAR mice caused marked reduction of incidence, number of papillomas and 

carcinomas [156]. Mafuvadze et al. [157] demonstrated that treatment of 50 mg/kg apigenin 

to mice bearing BT-474 xenograft tumors exposed to medroxyprogesterone acetate resulted 

in the progression and development of xenograft tumors by inducing apoptosis, inhibiting 

cell proliferation, and reducing Her2/neu expression.

5.9 Cervical cancer

Zheng et al. [158] first reported that apigenin hinders the progression of human cervical 

carcinoma HeLa cells through apoptosis. Apigenin prevents cell growth, causes cell cycle 

arrest in the G1 phase, and prompts p53-dependent apoptosis associated with p21/Waf1 

induction and upregulation of Fas/APO-1 and caspase-3. Apigenin exposure also resulted in 

downregulation of Bcl-2 protein [158]. Czyz et al. [159] established that apigenin interferes 

with cell proliferation and survival through gap junctional coupling. Apigenin treatment of 

HeLa cells (wild-type variant) and their connexin43 (Cx43) transfected counterparts caused 

marked inhibition of cell translocation. Apigenin, at low concentrations, did not demonstrate 

significant effects on cell proliferation whereas was effective on cell motility and 

invasiveness in HeLa Cx43 cells [159]. An extract containing parthenolide, camphor, 

luteolin, and apigenin prepared from the medicinal herb feverfew (Tanacetum parthenium) 

exhibited anti-proliferative activity against human cervical cancer SiHa cells [160]. A study 

by Liu et al. [161] demonstrated that in HeLa cells, casein kinase 2 (CK2) is a positive 

regulator in the self-renewal of cervical cancer stem-like cells. They also revealed that 

apigenin inhibits self-renewal capability through the downregulation of CK2α protein 

expression. These findings provide evidence for the potential benefits of apigenin as a CK2 

inhibitor in the treatment of human cervical cancer by targeting cancer stem cells [161]. The 

consequence of apigenin on cell proliferation was less pronounced, especially at low 

concentrations, whereas the effect of apigenin on cell motility corresponded with a blunting 

of the invasive potential of HeLa Cx43 cells [159]. Another recent study with the medicinal 

herb feverfew (Tanacetum parthenium) extract containing parthenolide, camphor, luteolin, 

and apigenin, showed anti-proliferative activity against human cervical cancer SiHa cells 
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[160]. A study by Liu et al. [161] demonstrated that in HeLa cells, casein kinase 2 (CK2) is 

a positive regulator in the self-renewal of cervical cancer stem-like cells. They also revealed 

that apigenin inhibits self-renewal capability through the downregulation of CK2α protein 

expression. These findings provide evidence for the potential benefits of apigenin as a CK2 

inhibitor in the treatment of human cervical cancer by targeting cancer stem cells [161]. 

Apigenin has been shown to exert a selective dose-dependent cytotoxic effect in cervical 

cancer cells inducing apoptosis as a result of changes in mitochondrial redox potential 

impairment and inhibition reductions in of cancer cell migration and invasion. These results 

show that apigenin had a strong and selective anti-tumor effect on cervical cancer cells 

immortalized by infected with human papilloma virus, especially HPV16 and HPV18. These 

results indicate that apigenin has potential to be developed as therapeutic agent for (HPV) 

16, HPV 18, and HPV 16 and 18 indicating its potential to be a powerful candidate in 

developing therapeutic agent for all cervical cancer types [162]. Apigenin enhances the 

inhibitory effect of IFN-α on cell viability in HeLa cancer cells but did not exhibit an effect 

on cell proliferation and apoptosis in HeLa cancer cells [163]. These results support that 

additional preclinical and clinical studies are required for further validation of antitumor 

effects of apigenin applicable to cervical cancer.

5.10 Endometrial cancer

O’Toole et al. [164] performed array-based comparative genomic hybridization on treated 

endometrial cancer cells treated with phyto-estrogenic compounds agents including apigenin 

using array-based comparative genomic hybridization. The results of this study found that β-

estradiol modified over 20% of the array genes involving involved in insulin metabolism 

compared to those after treatment with apigenin at similar treated with the same 

concentration of apigenin. Therefore, this evidence suggests that apigenin may could be 

beneficial to in the treatment of endometrial cancer.

5.11 Ovarian cancer

Studies in patients with ovarian cancer have shown that intake of apigenin is significantly 

associated with a lower risk [38, 39]. Fang et al. [165, 166] demonstrated that exposure of 

human ovarian cancer cells with apigenin decreases invasiveness through suppression of 

VEGF expression at the transcriptional level in these cells along with expression of HIF-1α 
via the PI3K/AKT/p70S6K1 and HDM2/p53 pathways [165–167]. Apigenin also contributes 

to the prevention of tube formation by endothelial cells in vitro. Additionally, in human 

ovarian carcinoma HO-8910PM cells, apigenin restricts MAPK and PI3K the activity of 

MAPK and PI3K [168]. Due to adenoviral toxicity, most of the patients become 

immunocompromised. Treatment of ovarian cancer cell lines with apigenin after adenoviral 

infection employing Ad5/3-Delta24 that targets the Rb pathway revealed the reduction of 

adenovirus replication and associated toxicity in in vitro cell culture and in vivo models. 

This suggested that apigenin was able to overcome toxicity due to adenovirus infection 

[169]. Further studies also show apigenin regulating the focal adhesion kinase (FAK) in 

A2780 ovarian cancer cells to attenuate migration and invasion, suggesting that targeting 

FAK may be a useful strategy for chemoprevention and/or chemotherapeutics of ovarian 

cancers [170]. Apigenin’s effectiveness is further supported by studies that show its 

inhibitory effect on Id1 (inhibitor of differentiation or DNA binding protein 1) through 
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activating transcription factor 3 (ATF3) to retract proliferation and tumorigenesis of human 

ovarian cancer A2780 cells [171]. In another study, apigenin has shown effectiveness in 

overcoming chemo-resistance in doxorubicin (DOX) and etoposide (VP16) resistance in 

2008/MRP1 ovarian carcinoma cells to DOX by altering the multidrug resistance protein 1 

(MRP-1) [172]. The Hedgehog (Hh) signaling pathway plays a critical role in the 

stimulation of cancer stem cell growth and casein kinase 2 (CK2), a protein kinase 

frequently activated in cancers. SKOV3 derived SFCs express high levels of CK2α and 

glioma-associated oncogene 1 (Gli1) proteins. Apigenin inhibited the self-renewal capacity 

of SKOV3 sphere-forming cells (SFC) by downregulating Gli1 regulated by CK2α [173]. In 

orthotropic tumors induced using ovarian epithelial cancer cells, OVCAR-3 cells oral 

treatment of apigenin caused downregulation of MMP-9 mediated by the AKT/p70S6K1 

pathway to inhibit tumor progression [174]. In taxol-resistant ovarian cancer cells, apigenin 

caused down regulation of TAM family of tyrosine kinase receptors and also caused 

inhibition of IL-6/STAT3 axis, thereby attenuating proliferation. This study suggests that 

apigenin has ability to overcome taxol resistance in ovarian cancer cells [175].

5.12 Hematologic cancer

Human leukemia cells were evaluated to determine the effects of apigenin treatment. 

Compared to other flavonoids, apigenin was more effective in leukemia cells in terms of 

inducing apoptosis [176]. Additional studies have demonstrated that a combination 

treatment of apigenin and quercetin inhibits topoisomerase-catalyzed DNA irregularities, 

which are often seen in leukemia cell DNA metabolism, especially in replication and 

transcription. Vargo et al. [177] determined that apigenin treatment provoked differential 

anti-proliferative and apoptotic response in monocytic and lymphocytic leukemia cell lines, 

attributed to protein kinase C delta induction [177]. Utilizing human leukemia cells, Chen et 

al. [178] examined several flavonoids including apigenin for their proteasome-inhibitory and 

apoptosis-inducing abilities. The results of this study suggest that apigenin and quercetin 

exhibit stronger potency in inhibiting chymotrypsin-like activity of purified 20S and 26S 

proteasome, as well as altering the ubiquitinated forms of two proteasome target proteins, 

Bax and IκBα, caspase-3 and poly ADP-ribose polymerase (PARP) in Jurkat T cells. 

Furthermore, the level of proteasome inhibition of these flavonoids corresponds with their 

potency in inducing apoptosis [178].

Wang et al. [176] demonstrated that human promyelocytic leukemia HL-60 cells underwent 

apoptosis after exposure to structurally related flavonoids, including apigenin, quercetin, 

myricetin, and kaempferol due to induction of caspase-3 and PARP cleavage. Consequently, 

exposure to flavonoids led to the mitochondrial transmembrane potential loss, with a spike 

in reactive oxygen species, and cytochrome c release into the cytosol with induction of 

procaspase-9. Apigenin ranked higher than other flavonoids in inducing apoptosis. In 

another study, apigenin-7-O-glucoside extracted from seven principal Tunisian olive 

varieties reduced the differential marker nitro blue tetrazolium in HL-60 cells [179]. In 

another study, Monasterio et al. [180] examined the apoptotic potential of twenty two 

flavonoids and related compounds in leukemic U937 cells. The results of this study revealed 

that apigenin and additional flavones induced apoptosis in U937 cells; however, isoflavones 

and flavonones were not as effective in provoking apoptosis.
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Horvathova et al. [181] studied the protective effects of various plant flavonoids including 

apigenin on H2O2-induced DNA damage in murine leukemia L1210 cells. Apigenin at low 

doses was slightly effective in reducing the scope of DNA damage. Comparatively, at higher 

concentrations, apigenin exposure led to DNA single strand breaks, suggesting its potential 

role as a pro-oxidant [181]. In another study, Strick et al. [182] examined the ability of 

dietary bioflavonoids to cause MLL gene cleavage, which may lead to infant leukemia. 

Using primary progenitor hematopoietic cells from healthy newborns and adults, apigenin 

was shown to induce DNA cleavage by targeting topoisomerase II, an enzyme that alters 

DNA topology. However, it is uncertain whether or not this in-vitro study can be 

extrapolated to humans due to dose and bioavailability concerns [182]. Apigenin caused the 

apoptosis in human lymphoma B cells in vitro and prevented the reverted mutations with a 

high hindrance percentage. This suggests that it has anti-mutagenic properties [183]. In 

elucidating the mechanism of apoptosis as a result of apigenin treatment in leukemia cells, 

Gonzalez-Mejia et al. [184] revealed the phosphorylation of Hsp27 as an important event in 

causing cell death. Additionally, it was shown that apigenin treatment in a late phase 

involves the activation of p38 and PKCδ to modulate Hsp27, thus leading to apoptosis [184]. 

A study by Jayasoorya et al. [185] demonstrated that apigenin inhibits cell growth and 

diminishes telomerase activity in human-derived leukemia cells, ultimately leading to 

apoptosis. In addition to inducing apoptosis in leukemia cells, apigenin-7 glycoside has been 

shown to induce granulocyte differentiation that was confirmed by the presence of 

significant amounts of CD11b positive cells [186]. Evidence also suggests that PI3K/Akt 

and JNK kinases and their related pathways are potential targets for apigenin-induced 

apoptosis in leukemia cells [187]. Apigenin-induced expressions of α, β, and γ globin genes 

increased the expression of glycosporin as a marker for differentiation. The hydroxyl groups 

are likely to render apigenin effective for inducing cell differentiation [188].

5.13 Adrenal cortical cancer

Previous studies of adrenocortical cancers have established the existence of aberrations in 

numerous signaling pathways and enzymes, including aromatase, an enzyme involved in the 

conversion of androgens to estrogen. Sanderson et al. [189], utilizing human adenocortical 

cancer H295R cells, studied the effect of plant flavonoids on the catalytic and promoter 

specific expression of aromatase. Results revealed that plant flavonoids are potent aromatase 

inhibitors, an action related to increased intracellular concentrations of cAMP [189]. Ohno 

et al. [190] also evaluated the relationship between exposure of plant flavonoids and cortisol 

production in H295R cells, and determined that apigenin-exposed cells exhibited reduced 

cortisol production, and decrease in 3β-HSD II and P450c21 activity.

5.14 Thyroid cancer

Yin et al. [191] studied the effect of apigenin on various human thyroid carcinoma cell lines 

including UCLA NPA-87-1 (NPA) (papillary carcinoma), UCLA RO-82W-1 (WRO) 

(follicular carcinoma), and UCLA RO-81A-1 (ARO) (anaplastic carcinoma). Apigenin 

exposure to these cells resulted in inhibition of cell proliferation amongst other plant 

flavonoids [191]. Yin et al. [192] further illustrated the apigenin-induced inhibition of ARO 

cell proliferation was associated with the disruption of EGFR tyrosine auto-phosphorylation 

and its downstream effector MAPK phosphorylation [192]. Schroder-van der Elst et al. [193] 
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examined the effect of various flavonoid on iodide transport and growth utilizing human 

follicular thyroid FTC133 cancer cells, stably transfected with the human Na (+)/I (−) 

symporter (hNIS). Apigenin exposure to these cells prevented NIS mRNA expression, which 

may have therapeutic implications for the radioiodide treatment of thyroid carcinoma [193]. 

Apigenin induces apoptosis in ATC cells, mediated through c-Myc, with concomitant 

changes in p53 and p38 in FRO ATC cells. Apigenin, together with BRAFV600E inhibitor 

PLX4032, induced cytotoxicity, suppressing Akt in ATC cells which harbor BRAFV600E 

[194]. The apigenin-enhanced iodide influx rate is increased by Akt inhibition in thyroid 

cells under acute TSH stimulation and requires p38 MAPK activity. Treatment with apigenin 

increases radioiodide accumulation in thyroid cells expressing BRAFV600E and in primary 

cultured thyroid tumor cells from TRβ (PV/PV) mice. Thus, along with Akt inhibitors, 

apigenin can further enhance the efficacy of radioiodine therapy for thyroid cancer patients 

[195]. Apigenin-induced cell death has been shown to involve autophagy in papillary thyroid 

cancer, perhaps because of ROS stimulation, induction of DNA damage and G2/M phase 

cell cycle arrest [196]. Targeted radioiodine therapy, used in thyroid cancer, depends on 

thyrotropin-mediated selective stimulation of Na+/I− Symporter (NIS)-mediated radioactive 

iodide uptake (RAIU) by thyroid cells. Unfortunately, patients with advanced thyroid cancer 

do not benefit from radioiodine therapy due to reduced or absent NIS expression. Though 

PI3K inhibitors could induce RAIU by diminished iodide efflux rate where TGF-β, a 

secreted cytokine facilitates the growth of thyroid cancers, has been observed to reverse the 

effect. A combination treatment of apigenin with PI3K inhibitor GDC-0941 attenuated the 

effect of TGF-β increasing RAIU in both BRAFV600E and RET/PTC3 expressing cells 

[197].

5.15 Neuroblastoma

Torkin et al. [198] studied the downstream effect of apigenin on various neuroblastoma cell 

lines of human origin. Apigenin exposure to cells resulted in reduced colony-forming ability 

and survival, leading to induction of apoptosis which was accompanied by an increase in 

tumor suppressor p53 and its downstream targets including p21/Waf1 and Bax. Furthermore, 

apigenin demonstrated differential response by causing cell death and apoptosis of 

neuroblastoma cells expressing wild-type p53, but not mutant p53. Apigenin also augmented 

caspase-3 activity and PARP cleavage [198]. Neuroblastoma SH-SY5Y cells treated with 

apigenin led to induction of apoptosis, accompanied by higher levels of intracellular free 

[Ca(2+)] and shift in Bax:Bcl-2 ratio in favor of apoptosis, cytochrome c release, followed 

by activation caspase-9, calpain, caspase-3 and caspase-12 [199]. In neuroblastoma SK-N-

DZ cells, a combination of the small molecule Bcl-2 inhibitor HA14-1 (HA) and apigenin 

worked synergistically to decrease cell viability and suppress the expression of angiogenic 

factors thereby activating extrinsic and intrinsic apoptotic pathways [200]. A combination 

treatment of apigenin with synthetic retinoid N-(4-hydroxyphenyl) retinamide (4-HPR) in 

serum-starved human malignant neuroblastoma cells suppressed autophagy and promoted 

apoptosis [201]. In malignant neuroblastoma cells, ectopic expression of Krüpple-like factor 

4 (KLF4) in combination with apigenin treatment resulted in induction of apoptosis 

downregulating Bcl-2 expression and impairment of transcription and translation of MMP-2 

and MMP-9 leading to prevention of tumor cell migration [202]. Apigenin treatment of 

malignant neuroblastoma cells led to sequential telomerase reverse transcriptase (hTERT) 
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knockdown, inhibited cell invasion and proliferation and induced apoptosis [203]. Further 

studies revealed that apigenin involved miR-138 more effectively than hTERT to induce 

apoptosis in malignant neuroblastoma cancer cell lines [204]. Similar studies using the 

oncogene N-Myc silencing in combination with apigenin prevented cell migration and 

decreased N-Myc driven survival, angiogenesis, and invasive factors. This activity suggests 

that using the said process is a promising strategy for controlling the growth of N-Myc 

amplified human malignant neuroblastoma cells [205]. Apigenin diminished insulin fibril-

induced reactive oxygen species (ROS) production and lipid peroxidation in neuroblastoma 

cells. These effects led to increased catalase activity and alterations in intracellular 

glutathione levels, subsequently reducing nitric oxide production and NF-κB activity. 

Inhibition of NF-κB pathway caused a concomitant reduction in TNFα and IL-6 levels 

[206]. The suppressive nature of apigenin to inhibit ROS in human neuroblastoma SH-SY5Y 

cells has been shown to involve reduction in the oxidation of cellular glutathione and 

subsequent formation of malondialdehyde and carbonyls [207].

5.16 Bladder cancer

Using MEKK1 overexpression in bladder smooth muscle (SM) cell, Liu et al. [208] 

demonstrated the effect of apigenin in the phosphorylation of MAPKs, ERK, JNK and p38, 

which are the downstream molecules of MEKK1. Apigenin exposure at 50 μM to these cells 

significantly inhibited activation/phosphorylation of MAPKs and migration of SM cells 

induced by MEKK1 overexpression. Furthermore, apigenin also inhibited actin 

polymerization, which underlines muscle contraction and cell migration [208]. In another 

study, apigenin suppressed proliferation and inhibited the migration and invasion potential of 

T24 bladder cancer cells in a dose- and time-dependent manner, which was associated with 

induced G2/M phase cell cycle arrest and apoptosis through the involvement of PI3K/Akt 

pathway and Bcl-2 family proteins. In addition, apigenin increased caspase-3 activity and 

PARP cleavage, indicating that apigenin induced apoptosis in a caspase-dependent way 

[209]. Zhu et al. [210] demonstrated that apigenin treatment caused decrease proliferation 

and induction of apoptosis in human bladder T24 cells, associated with an increase in the 

phospho-p53, p53, p21, and p27 levels, and with a decrease in the cyclin A, cyclin B1, 

cyclin E, CDK2, Cdc2, and Cdc25C expression, thereby blocking cell cycle progression. In 

addition, apigenin increased the Bax, Bad, and Bak levels, but reduced the Bcl-xL, Bcl-2, 

and Mcl-1 levels, and subsequently triggered the mitochondrial apoptotic pathway through 

release of cytochrome c and activation of caspase-9, caspase-3, caspase-7, and PARP 

cleavage [210].

5.17 Mesothelioma

Malignant mesothelioma (MM) is a tumor arising from mesothelium. Masuelli et al. [211] 

demonstrated that apigenin in MM cells caused apoptosis and not autophagy by altering 

Bax/Bcl2 ratio. Apigenin also caused the activation of p53 and caspase-9. The authors 

further evidenced that apigenin inhibited Akt and NF-κB/p65 pathways because of MAPK 

attenuation in these cells. Additionally, tumors with MM cells implanted in C57BL/6 mice 

treated 20 mg/kg apigenin prolonged the survival time. These evidences suggests the anti-

metastatic role of apigenin in a wide variety of in vitro and preclinical MM models.
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5.18 Osteosacrcoma

The effect of apigenin on human osteosarcoma U2OS cells has been demonstrated. Apigenin 

significantly decrease cell viability, induced apoptosis through the activations of caspase-3, 

-8, -9, and BAX and promoted the release of AIF in U2OS cells. Furthermore, nude mice 

bearing U2OS xenograft tumors, 2 mg/kg apigenin every 3 day for 30 days inhibited tumor 

growth [212]. Bumke-Vogt et al. [213] demonstrated the impact of apigenin and luteolin on 

U2OS cells in rapid intracellular translocation of the forkhead box transcription factor O1 

(FOXO1), an important mediator of insulin signal transduction. Treatment of human 

hepatoma HepG2 cells with apigenin and luteolin on the expression of the gluconeogenic 

enzymes viz. phosphoenolpyruvate carboxykinase (PEPCK), glucose-6-phosphatase (G6Pc), 

the lipogenic enzymes fatty-acid synthase (FASN) and acetyl-CoA-carboxylase (ACC) 

which were downregulated by both flavones with smaller effective dosages of apigenin than 

for luteolin. Furthermore, apigenin and luteolin reduced the expression of PKB/AKT-, 

PRAS40-, p70S6K-, and S6-phosphorylation was reduced by and luteolin but not that of the 

insulin-like growth factor receptor IGF-1R. Liu et al. [214] demonstrated that apigenin 

inhibited proliferation and reduced invasion in human U2OS and MG63 osteosarcoma cell 

lines through downregulation of the expression of β-catenin in these cells.

6.0 Combinational studies with apigenin

Apigenin has also shown to have a significant effect when combined with various 

chemotherapeutic agents where various cancer cells exhibit differential effects [215–222]. 

Studies with pancreatic cancer cells reveal that 24 h pretreatment with low concentrations of 

apigenin for 24 h followed by cisplatin (10 μM), 5-Flurouracil (50 μM), oxaliplatin (0.1 

μM), gemcitabine hydrochloride (10 μM) for 36 h resulted in increased growth inhibition of 

pancreatic cancer cells, compared to co-treatment or individual treatments, where the effects 

were less than additive [215]. In human multiple myleoma U266 and RPMI 8226 cell lines, 

apigenin significantly decreased Hsp90 clients when combined with the Hsp90 inhibitor 

geldanamycin and the histone deacetylase inhibitor vorinostat to induce apoptosis [216]. 

Similarly combination of synthetic retinoid N-(4-hydroxyphenyl) retinamide (4-HPR) (0.5 

μM) and apigenin (50 μM) in the serum-starved human malignant neuroblastoma cells 

inhibited autophagy inducing apoptosis [217]. The same group had earlier published that 

combination of apigenin with Bcl-2 inhibitor, small molecule HA14-1 (HA) induces 

apoptosis in human malignant neuroblastoma cells inhibiting angiogenic factors [218]. In 

human cervical epithelial carcinoma HeLa cells combination of apigenin and paclitaxel 

significantly increased inhibition of cell proliferation, suppressing the activity of SOD, 

inducing ROS accumulation leading to apoptosis by activation of caspase-2 [219]. In 

MiaPaCa-2 subcutaneous xenograft model of pancreatic cancer, combination treatment of 

gemcitabine (125 mg/kg) with apigenin (50 mg/kg) exhibited significant tumor growth 

inhibition, decrease in tumor volume and weight. This combination caused a signification 

decrease in the activation of Akt and inhibited the DNA binding of NF-κB/p65 in the 

nucleus [220]. Zhu et al. [221] demonstrated that apigenin inhibits expression of ABCB1, 

the ATP-binding cassette (ABC) transporter family, and resensitizes docetaxel-resistant 

prostate cancer cells to docetaxel treatment. In another study by Hu et al. [222] sub-toxic 

concentrations of apigenin (4 μmol/L) significantly enhanced the cytotoxicity of 5-FU (100 
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μg/mL) in hepatocellular carcinoma (HCC) cells through mitochondrial membrane potential 

(ΔΨm)-mediated apoptosis. Furthermore, in vivo, combined treatment with 20 mg/kg 

apigenin five times per week in 3 week protocol and 20 mg/kg 5-FU for 5 consecutive days 

significantly inhibited the growth of HCC xenograft tumors [222]. Gao et al. [95] 

demonstrated that apigenin significantly sensitizes doxorubicin-resistant BEL-7402 

(BEL-7402/ADM) cells to doxorubicin (ADM) and increases intracellular concentration of 

ADM through downregulation of PI3K/Akt pathway, leading to a reduction of Nrf2-

downstream genes. In BEL-7402 xenografts, apigenin and ADM cotreatment inhibited 

tumor growth, reduced cell proliferation and induced apoptosis more substantially when 

compared with ADM treatment alone.

7.0 Clinical trials with apigenin

Early clinical trial with apigenin was based on the epidemiologic studies demonstrating that 

dietary intake of flavonols and flavones was inversely associated with risk for cardiovascular 

disease. Janssen et al. [23] performed a study feeding 18 healthy volunteers with 220 g 

onions and 5 g dried parsley per day providing 114 mg quercetin and 84 mg apigenin 

respectively, or a placebo for 7 day each in a randomized crossover experiment to determine 

their effect on platelet aggregation. Although onion consumption raised mean plasma 

quercetin concentrations to 1.5 μmol/L; plasma apigenin could not be measured. No 

significant effects of onions or parsley were found on platelet aggregation, thromboxane B2 

production, factor VII, or other hemostatic variables. In another study, Hoensch et al. [223] 

investigated the preventive effects of dietary flavonoid mixture composed of 20 mg apigenin 

and 20 mg epigallocatechin-3-gallate on recurrence risk on 31 patients with resected 

colorectal cancer or adenoma polypectomy and compared with matched control group 

consisting of 56 patients observed for 3–4 years by surveillance colonoscopy. No cancer 

recurrence was noted and only one adenoma developed in resected colon cancer group. In 

untreated control, 20% patients developed recurrence and 27% evolved adenomas, 

suggesting that continuous long-term supplementation of flavonoid mixture could reduce the 

recurrence of colon neoplasia. In another double-blind, placebo-controlled study, 

Amsterdam et al. [224] examined the antianxiety and antidepressant action of 220 mg oral 

chamomile (Matricaria recutita) extract standardized to 1.2% apigenin in participants with 

symptoms of comorbid anxiety and depression evaluated by the scores from the Hamilton 

Depression Rating (HAM-D) questionnaire among treatment groups. A significant reduction 

over time in total HAM-D scores for chamomile versus placebo in all participants was noted. 

Furthermore, a clinically meaningful but nonsignificant trend was noted for a greater 

reduction in total HAM-D scores for chamomile versus placebo in participants with current 

comorbid depression provided evidence that chamomile may provide clinically meaningful 

antidepressant activity. Choi et al. [225] demonstrated the clinical efficacy of apigenin on 

aged skin, using an apigenin-containing cream on forty women, aged over 30 years, through 

a randomized and double-blinded clinical trial with four weeks of treatment. Application of 

apigenin-containing cream increased dermal density and elasticity, and reduced fine wrinkle 

length along with improved skin evenness, moisture content and transepidermal water loss, 

compared to the placebo group. These results suggest that apigenin possess anti-aging 
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properties. Based on the published literature, no studies in humans have been conducted 

solely with apigenin with respect to solid cancer.

8.0 Major limitations of apigenin

Apigenin is unstable and is not very soluble in water or organic solvents. These properties 

restrict the use of apigenin in its pure forms. Naturally, apigenin is available in foods as 

glycoside and acylated derivatives, having higher solubility in water compared to the parent 

compound [226, 227]. The moiety conjugating apigenin helps determine its absorption and 

bioavailability, facilitating enzymatic cleavage by mammalian or microbial glucosidases 

[227]. Consequently, it seems likely that apigenin in the natural form bound to β-glycosides 

may provide better bioavailability. In the intestines, apigenin is extensively metabolized in a 

method involving both enteric and enterohepatic recycling [228, 229]. Apigenin rapidly 

metabolizes via UDP-glucuronosyltransferase UGT1A1 as glucoroside and sulfate 

conjugates that are more readily transported in the blood and excreted in bile or urine [230]. 

Oral intake of radio-labeled apigenin in a single dose by rats demonstrated 51% recovery of 

radioactivity in urine, 12% in feces, 1.2% in blood, 9.4% in the intestine, 1.2% in liver, 0.4% 

in the kidneys, and 24.8% in the rest of the body within 10 days. The radioactivity appeared 

in blood 24 h after oral apigenin intake. A relatively high elimination of apigenin with a 

half-time of 91.8 h was noted in the blood in kinetics study, compared to other dietary 

flavonoids [231]. These results endorse the fact that although the bioavailability of apigenin 

is limited, however the slow pharmacokinetics may be the reason for possible accumulation 

of this flavone in the peripheral tissues for its effective chemopreventive effects. In an 

attempt to achieve better functionality, nano-formulations of apigenin are under investigation 

in in vitro and in vivo models. Gold nanoparticles (AuNPs) as biosensors, in photothermal 

therapy and in imaging have gained popularity due to their possible applications in cancer 

treatment and in drug delivery [232]. The ability of apigenin to reduce Au3+ ions to form 

AuNPs is attributed to–OH and C=O groups present in apigenin that reduce Au3+ 

facilitating the stabilization of the AuNPs [233]. Studies on the synthesis of apigenin-AuNPs 

have revealed that Au3+ can be reduced by apigenin at a pH of 10 and at room temperature 

forming highly stable and spherical apigenin-AuNPs. These apigenin-AuNPs are 

biocompatible towards normal human epidermoid HaCat cells while inducing apoptosis of 

A431 and SiHa cells. The apigenin-AuNPs also exhibit decent antiangiogenic property. 

Hence, apigenin-AuNPs is a promising candidate for use in skin cancer treatment [234]. 

Further studies on nano-apigenin using poly (lactic-co-glycolide) (PLGA) was effective in 

oral and topical application for skin cancer, achieving a higher efficacy and potency with 

reduced toxicity [235]. Because of its reduced solubility in water and other lipid compounds, 

the oral bioavailability of apigenin remains relatively low. Formulations using carbon 

nanopowder solid dispersions for apigenin have proven to enhance its bioavailability. These 

apigenin nanoparticles showed low levels of toxicity in animals [236]. Apigenin-loaded lipid 

nanocapsules prepared with phase inversion method showed high efficacy in restricting 

breast and liver cancer growth [237]. Cochran et al. [238] demonstrate that a long-term 

releasing apigenin-based polymer and subsequent nanoparticle delivery system has ability to 

inhibit tumor cell adhesion through the suppression of endothelial cell adhesion molecule 
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expression. These studies show promise that nano-formulations of apigenin could become an 

effective drug-delivery system.

9.0 Conclusion and future directions

In this review, we aim to justify the role of apigenin as an anticancer agent. The fact that 

apigenin impacts numerous essential pathways and targets associated with cancer is well 

established. In fact, current research also underlines apigenin as an epigenetic modulator that 

could act as a dual DNA methyltransferase and histone methyltransferase inhibitor. Nano 

formulations of apigenin have shown to increase the bioavailability leading to its possible 

accumulation in tissues. Being the most available bioactive compound from various plants, 

vegetables, and fruits, dietary apigenin supplementation is highly recommended. 

Bioavailability of apigenin following oral administration in rats and mice have been 

reported. So far, this information in humans, including pharmacokinetic and 

pharmacodynamics profiles, is not available. Further research is necessary concerning the 

bioavailability and safety profile in humans. A generation of scientific evidence is necessary 

to confirm the beneficial effects of apigenin in cancer patients to establish its role in 

chemoprevention and therapy better. However, the currently available reports suggest that 

apigenin possess potential to be developed as a chemopreventive or chemotherapeutic agent 

in the future.
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COX-2 Cyclooxygenase-2

DISC Death-inducing signaling complex

DOX Doxorubicin

DR4 Death receptor 4

EGFR Epidermal growth factor receptor

ERK Extracellular regulated kinse

FAK Focal adhesion kinase

GADD45 DNA fragmentation factor-45

Gli1 Glioma-associated oncogene 1

GLUT1 Glucose transporter 1

GSTA1 Glutathione S-transferase A1

HDAC Histone deacetylase

HIF-1α Hypoxia-inducible factor 1-alpha

hTERT Telomerase reverse transcriptase

ICAM-1 Intercellular adhesion molecule-1

IFNAR1 Type I interferon receptor 1

IFN-γ Interferon gamma

IGF Insulin-like growth factor

IL6 Interleukin-6

JAK Janus kinase

JNK c-Jun amino-terminal kinase

KLF4 Krüpple-like factor 4

MAPK Mitogen-activated protein kinases

MMP Matrix metalloproteinases

NADPH Nicotinamide adenine dinucleotide phosphate

NF-κB Nuclear factor-kappaB

NIS Na+/I- symporter

NSCLC Non-small cell lung cancer

ODC Ornithine decarboxylase

Shankar et al. Page 26

Curr Pharmacol Rep. Author manuscript; available in PMC 2018 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



PARP Poly (ADP-ribose) polymerase

PD-L1 Programmed death-ligand 1

PDPK FA Proline-directed protein kinase FA

PI3K Phosphatidylinositol-4,5-bisphosphate 3-kinase

PKC Protein kinase C

PLGA Poly-lactic-co-glycolide

PMA Protein kinase C-activating phorbol ester

ROS Reactive oxygen species

SOD Superoxide dismutase

Stat Signal transducer and activator of transcription

TGF-β Transforming growth factor-beta

TRAIL Tumor necrosis factor related apoptosis-inducing ligands

TRAMP Transgenic adenocarcinoma of the mouse prostate

UGT1A1 UDP-glucuronosyltransferase 1-1

VEGF Vascular endothelial growth factor

WCRF World Cancer Research Fund
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Table 1

Effect of apigenin on various molecular targets in human cancers

Human Cancers Molecular Targets Apigenin concentrations Ref.

Breast cancer PD-L1, ErbB2, Bax, Bcl2, p450 CYP1, CYP19, Caspases, 
p21/Waf1, p53, Aromatase, VEGF, ERK, JNK, PI3K-Akt, 
Foxo3a, COX-2, ERβ, CK2, PKC, MAPK, Cyclin D1 and 
HER2/neu, JAK-STAT3, NF-κB, AP-1, c-Fos, cyclinB1

0–100 μM 40–64

Colon Cancer APC, ODC, TRAIL, COX-2, PGE-2, MMP, GST, UDP-
glucuronosyltransferases (UGT)1A1, p34(cdc2), cdc25, 
caspases -3, -8, -9, Bax, Bcl2, p21/Waf1, mTOR, CD26, JNK, 
p38, Elk

0–200 μM 65–84

Gastric Cancer NF-κB, cyclinD1, COX-2, VEGF, Bcl2, IκBα, ICAM-1, IL6, 
IL8, Bax

9–80 μmol/L 85–87

Liver cancer NF-κB, Snail, PIG3, cytochrome c, Bax, Bcl2, caspases -3, -9, 
Nrf2, PI3K/Akt, cyclin-dependent kinases (cdk)

0–200 μmol/L 88–97

Lung Cancer p21/Waf1, XIAP, uPAR, GLUT1, NADPH, Bax, Bcl2, 
caspases -3, -9, cytochrome c, leptin, leptin receptor, Bid, AIF, 
GRP78, GADD153, HIF-1α, VEGF, Akt and p70S6K1

In vitro: 0–160 μM
In vivo:1 mg/kg/day

98–109

Pancreatic Cancer NF-κB, IκBα, GSK3β, cyclinB1, IL17, IFNB1, p53, p21/
Waf1, PUMA, HIF-1α, VEGF, GLUT1, Cdc6, cyclin A, cdc2, 
cdc25

0–100 μM 110–118

Prostate Cancer FAK, Src, PTEN, IGF1R, IGFBP-3, IGF-1, GSK-3β, Akt, 
p21/Waf1, p27, VEGF, IKKα, NF-κB, CK2, IAPs, TRAIL, 
p53, caspases -3, -8, -9, HIF-1, FAK, β-Catenin, c-Myc, 
cyclinD1, cyclin-dependent kinases -2, -4, -6, MAPK, PI3K-
Akt, ERβ, AP-1, Bax, Bcl2, Bcl-XL, 17β-hydroxysteroid 
oxidoreductase, E-cadherin, GLUT1, HDAC-1, -3, XIAP, 
Ku70, FoxO3a, ABCB1, FAK, Smad -2, -3, IGF-1, IGFBP3, 
ERK, H3 and H4 acetylation, BAD, 14–3–3β, p14ARF, 
MDM2, c-Myc, Rb, RNA polymerase

In vitro: 0–40 μM
In vivo: 20 & 50 μg/mouse/day

119–138

Skin Cancer PGE2, EP1, EP2, cytochrome c, Bax, Bcl2, caspase -3, -9, 
PARP, p21/Waf1, COX-2, PKC, STAT3, MMP-2, MMP-9, 
VEGF, Twist1

In vitro :0–100 μM
In vivo: 150 mg/day

139–157

Cervical Cancer CK2α, Bax, Bcl2, p53, p21, Fas/Apo-1, caspase3 0–75 μM 158–163

Endometrial Cancer Id1, VEGF, p70S6K1, HIF1 and FAK 0–40 μmol/L 164

Ovarian Cancer Axl, tyrosine receptor kinase, Akt, MMP-9, p70S6K1, Id1, 
ATF3, FAK, VEGF, HIF-1α, HDM2/p53, platelet 
aggregation, proteasome degradation -20S, -26S, Bax and 
IκBα

In vitro: 0–60 μM
In vivo: 5–150 mg/kg/day

165–175

Hematologic cancer/Leukemia P34(cdc2), p21/Waf1, p38, PKCδ, ATM, caspases, telomere 
activity (hTERT), c-Myc,

0–100 μM 176–188

Adrenal cortical cancer aromatase, cytochrome p450 0–20 μM 189, 190

Thyroid cancer Beclin-1, LC3, Cdc25c, c-Myc, p53, p38, EGFR, MAPK, 
ERK, MAPK

0–80 μM 191–197

Neuroblastoma Bid, Bcl2, Bax, cytochrome c, caspase -3, -8, -9, PARP-1, 
p53, p21/Waf1

0–60 μM 198–207

Bladder cancer p53, p21/Waf1, p27/Kip1, CyclinA, cyclinB1, cyclinE, 
CDK2, cdc2, cdc25, Bax, Bad, Bak, Bcl2, Bcl-XL, Mcl-1, 
cytochrome c, caspase -3, -7, -9, PARP cleavage, GSH

0–80 μM 208–210

Mesothelioma Bax/Bcl-2 ratio, p53, caspase-9, Akt, NF-κB/p65, MAPK In vitro: 6.25–100 μM
In vivo: 20 mg/kg

211

Osteosarcoma β-catenin, Bax, caspase -3, -8, -9, AIF 0–75 μM 212–214

AIF Apoptosis inducing factor, AP-1 Activator protein-1, APC Adenomatous polyposis coli, Bax bcl-2-like protein 4, Bcl2 B-cell lymphoma 2, 
BID BH3 interacting-domain death agonist, CK2 casein kinase 2, COX-2 Cyclooxygenase-2, CYP cytochrome p, ErbB2 Erythroblastic leukemia 
viral oncogene homolog 2, ERK Extracellular Signal-Regulated Kinase, ERβ Estrogen receptor beta, FAK Focal Adhesion Kinase, Foxo3a 
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Forkhead box O3, GADD Growth Arrest DNA Damage, GLUT1 Glucose transporter 1, GRP78 glucose-regulated protein78 kDa, GSK3β 
Glycogen synthase kinase 3, GST Glutathione S-transferases, H3 Histone H3, HDAC Histone deacetylases, HER2/neu Receptor tyrosine-protein 
kinase erbB-2, HIF-1α Hypoxia-inducible factor 1-alpha, ICAM-1 Intercellular Adhesion Molecule 1, Id1 Inhibitor of differentiation or DNA 
binding protein 1, IFNB1 Interferon beta 1, IGF-1 Insulin-like growth factor 1, IGF1R Insulin-like growth factor 1 receptor, IGFBP-3 Insulin-like 
growth factor binding protein 3, IKKα IκB kinase alpha, IL Interleukin, JAK-STAT3 Janus kinase/signal transducers and activators of transcription 
3, JNK c-Jun N-terminal kinase, MAPK Mitogen-activated protein kinase, MDM2 Mouse double minute 2 homolog, MMP Matrix 
metalloproteinase, NADPH Nicotinamide adenine dinucleotide phosphate, NF-κB Nuclear factor-kappa B, Nrf2 Nuclear factor (erythroid-derived 
2)-like 2, ODC Ornithine decarboxylase, PARP Poly ADP ribose polymerase, PD-L1 Programmed death-ligand 1, PGE2 Prostaglandin E2, PI3K 
Phosphatidylinositol-4,5-bisphosphate 3-kinase, PIG3 p53-inducible gene 3, PKC Protein Kinase C, PTEN Phosphatase and tensin homolog, 
PUMA p53 upregulated modulator of apoptosis, Rb Retinoblastoma, Src v-src sarcoma, TRAIL TNF-related apoptosis-inducing ligand; UDP-
glucuronosyltransferases, uPAR urokinase-type plasminogen activator receptor, VEGF Vascular endothelial growth factor, XIAP X-linked inhibitor 
of apoptosis protein
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