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Apigenin is one of the most widespread flavonoids in the plant kingdom. For centuries, apigenin-containing plant
preparations have been used in traditional medicines to treat diseases that have an inflammatory and/or degenerative
component. In the 1980s, apigenin was proposed to interfere with the process of carcinogenesis. Since then, more and
more evidence has demonstrated its anticancer efficacy, both in vitro and in vivo. Apigenin has been shown to target
signaling pathways involved in the development and progression of cancer, such as PI3K/Akt/mTOR, MAPK/ERK,
JAK/STAT, NF-kB, and Wnt/3-catenin pathways, and to modulate different hallmarks of cancer, such as cell proliferation,
metastasis, apoptosis, invasion, and cell migration.
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| 1. Introduction

In countries with higher economic development levels, cancer is the second leading cause of death behind cardiovascular
disease. According to recent data, in lItaly, 415,269 new diagnoses of cancer occurred, with 174,759 cancer deaths
(96,579 in men and 78,180 in women) [,

Cancer is a disease that originates and evolves through genetic and epigenetic modifications involving genes that control
cell cycle, adhesion, motility, differentiation, and apoptosis [4. Human cancers develop as products of multistep processes
in which cells acquire functional capabilities that are crucial for their ability to induce malignant tumors [l Such
capabilities are called “Hallmarks of Cancer” and consist of sustaining proliferative signaling, evading growth suppressors,
resisting cell death, enabling replicative immortality, inducing/accessing vasculature, activating invasion and metastasis,
reprogramming cellular metabolism, and avoiding immune destruction BIBIEl These hallmarks are further enriched by two
“enabling characteristics” involved in tumor growth and progression: tumor-promoting inflammation and genome instability
and mutation. The tumor microenvironment plays an integral role in tumorigenesis and malignant progression, too &,
Emerging hallmarks also include unlocking phenotypic plasticity, a capability that enables various disruptions of cellular
differentiation and appears to be operative in multiple cancer types during primary tumor formation, malignant
progression, and/or response to therapy. Another emerging hallmark is non-mutational epigenetic reprogramming, since
growing evidence shows that gene-regulatory circuits and networks in tumors can be governed by numerous corrupted
and added mechanisms, independent of genome instability and gene mutation. Moreover, the polymorphic microbiomes
resident in the colon, other mucosa, and connected organs, or in tumors themselves, can diversely influence cancer
development, progression, and response to therapy. Finally, an increasing body of evidence reveals that, in certain
contexts, senescent cells variously stimulate tumor development and malignant progression 2!,

Throughout centuries, natural compounds have been used to treat and prevent diseases Q19 thereby creating new
knowledge of the potential of natural agents. Almost 47% of the anticancer drugs available on the market today are
derivatives of natural products 1. Considering natural compounds, polyphenols (flavonoids, stilbenoids, lignans,
polyphenolic acids, and other polyphenols) display many anticarcinogenic properties and, in addition, they can modulate
immune system responses and protect normal cells against damage from free radicals 2. A plethora of studies have
documented these anticancer effects: noteworthy examples include anthocyanins from blueberries 18] epigallocatechin
gallate from green tea [14], resveratrol from red wine 12, isoflavones from soy 28, and curcumin from Curcuma longa 14
(171, Among the over 6000 different flavonoids, quercetin, kaempferol, myricetin, luteolin, and apigenin are the five most
ubiquitous plant flavonoids L8121,

Apigenin, above all, has gained attention among researchers, partly due to its low toxicity and multiple beneficial
bioactivities & Apigenin is one of the most widespread flavonoids in the plant kingdom and one of the most studied
phenolic compounds 29, For centuries, apigenin-containing plant preparations have been used as traditional medicines to
treat diseases with an inflammatory and/or degenerative component, such as asthma, insomnia, neuralgia, Parkinson’s
disease, and shingles [2U[220(23]24] At the end of the 1950s, apigenin gained scientific interest, primarily due to its



modulation of histamine release and bronchodilator properties 2. In the 1980s, apigenin was proposed to interfere with
the process of carcinogenesis. Since then, more and more evidence has suggested its power as an adjuvant
chemotherapeutic agent for cancer therapy, both in in vitro and in vivo models 29,

| 2. Combination Therapy for Apigenin

Chemotherapy drugs play a considerable and unavoidable role in the extension of the overall survival rates of cancer
patients. However, their undesired toxicity remains a significant source of concern for both patients and clinicians. The
integration of natural bioactive compounds, in specific cases, could potentiate anticancer efficacy and reduce the side
effects of chemotherapy drugs 22,

Studies have shown that co-administration with apigenin significantly enhances the anticancer efficacy of chemotherapy
drugs and helps to overcome their limitations in various types of cancers by targeting multiple signaling pathways 29261,
The most common mechanisms apigenin uses to amplify the chemotherapy drugs’ efficacy are autophagy and apoptosis.
Various mechanisms, such as cell-cycle regulation, tumor cell migration inhibition, invasion, and the stimulation of the
immune response, can be responsible for chemo-sensitizing properties of apigenin in co-therapies &,

Recent studies have evaluated the combination of apigenin with the following chemotherapy drugs: 5-FU, Cetuximab,
Cisplatin, Cyclophosphamide, Doxorubicin, Gemcitabine, Paclitaxel, Sorafenib, Tamoxifen, Abivertinib, Gefitinib,
Methotrexate, and Vincristine [28I29BABLISAE3] |y || cases, synergic and/or additive effects were shown compared to
monotherapy and there was a reduction in the side effects of monotherapies.

Furthermore, apigenin has been displayed to have significant chemo- and radio-protective properties 433, Apigenin was
found to have protective effects against doxorubicin and adriamycin-induced cardiotoxicity in vivo B8E7l and to prevent
Cisplatin-induced nephrotoxicity by reducing the serum levels of TNF-q, IL-6, COXI, COXII, creatinine, and blood urea
nitrogen, and increasing serum GSH levels 28], As a radioprotector, apigenin has shown protective effects on human
lymphocytes exposed to 137 Cs and to Cobalt 60 radiation. Apigenin pretreatment significantly reduced DNA damage and
radiation-induced anomalies such as micronuclei, nucleoplasmic bridges, and nuclear buds in human peripheral-blood
lymphocytes 4],

Furthermore, apigenin has shown protective effects against the UVA-induced senescence of normal human dermal
fibroblasts and significantly inhibited UVB-induced carcinogenesis by promoting the expression of the antiangiogenic
protein thrombospondin-1 in skin keratinocytes in vitro and in vivo 24,

| 3. Critical Aspects of Apigenin for Therapeutic Purposes
3.1. Bioavailability of Apigenin

A crucial aspect of a potential therapeutic drug is its bioavailability, the fraction of a drug reaching the systemic circulation,
and the site of action where it can exert its biological effects. It is influenced by numerous factors, such as the substance’s
chemical structure, the bond with other molecules (e.g., by acetylation or glycosylation), and intrinsic factors of the
organism (e.g., the composition of the intestinal microbiota).

Apigenin has low bioavailability because of its low lipid (0.001-1.63 mg/mL) and water (2.16 pg/mL) solubility BJ4Y. The
bioavailability of apigenin also depends on its bioaccessibility, which refers to the extraction of apigenin from the food
matrix during gastrointestinal digestion and the transformation into compounds available for absorption 41, The degree
and site of glycosylation influence gastrointestinal digestion: glycosides of apigenin survive acid hydrolysis in the stomach,
and it goes to the duodenum unbroken. Further digestion and absorption depend on the nature of the modification and
distribution of enzymes required to produce bioactive apigenin. Various cells can metabolize apigenin intracellularly
through the enzymes present in the brush border epithelium, while the indigestible glycosides require extracellular de-
glycosylation through bacterial enzymes present in the colon 42,

Apigenin taken orally is absorbed systemically with an availability of approximately 30% higher in the colon (40%) and
lower in the terminal ileum (21%) via passive transport and independently of concentration. In vivo, in the duodenum and
in the jejunum, apigenin was also mediated by active transport, as well as by the concentration-dependent membrane
permeability whose highest level (maximum plasma concentration—Cmax) is, however, reached with a maximum plasma
concentration time (Tmax) of 0.5-2.5 h. It should be remembered that the glycosylated forms of apigenin (e.g., 7-O-
glucoside, 6-C-glucoside, or 8-C-glucoside) are metabolized by B-glucosidases in the stomach and small intestine to



generate free apigenin (i.e., a form of aglycone). Eubacterium ramulus and Bacteroides distasonis have been identified as
the main bacterial species essential for the biotransformation of 7-glycosides into aglycone apigenin [231124],

Various strategies and techniques have been investigated to improve the bioavailability of apigenin:

* Water-in-oil-in-water (W/O/W) double emulsions loaded with apigenin. In vitro studies have confirmed the double
emulsion’s capacity to transport bioactive compounds in an aqueous phase, minimizing degradation and potentially
increasing in vivo bioavailability 143!;

« Gold nanoparticles, widely used for their good biodistribution, stability, and low toxicity. Au3+ can be reduced by
apigenin at a pH of 10 and at room temperature, forming highly stable and spherical apigenin-AuNPs. The apigenin-
AuNPs are found to exhibit toxicity towards the A431 (epidermoid squamous cell carcinoma) cell line while being non-
toxic towards normal epidermoid cells. This technique shows promise in the treatment of skin cancer 4€!;

+ Phytosome, a phospholipid-based complex of apigenin, i.e., apigenin—phospholipid phytosome (APLC). Phytosome is
highly compatible with human physiology and bioavailable thanks to its ability to cross the lipid bilayer membrane of
enterocytes and reach systemic circulation. A study shows that APLC formulation demonstrated an over 36-fold higher
aqueous solubility of apigenin, compared to that of pure apigenin [44;

« Self-microemulsifying drug-delivery systems (SMEDDSs). They are mixtures of oils, surfactants, solvents, and drug
substances that form oil-in-water microemulsions with droplet sizes less than 100 nm when introduced into agueous
phases under gentle agitation or gastrointestinal motility “&l. A study shows that SMEDDSs could enhance the solubility
and dissolution of apigenin and would be a potential carrier to improve the oral absorption of apigenin 4

« Bioactive self-nanoemulsifying drug-delivery systems (BioSNEDDSs). They form a nanoemulsion with droplet sizes
significantly smaller (by a factor of ten or similar) than droplets found in ordinary emulsions. The decreased droplet size
increases the absorption rate and extent and prevents drug degradation in the gastrointestinal tract Y. The
BioSNEDDSs differ from conventional SNEDDSs for using bioactive lipid excipients such as black seed oil, Moringa
oleifera seed oil, avocado oil, apricot oil, grape seed oil, safflower oil, and coconut oil fatty acid. A study shows that
BioSNEDDSs formulated for apigenin provide collective advantages, such as a superior self-emulsification efficiency
with an improved physical stability, high drug-loading capacity, antibacterial activity, and elevated apigenin
bioavailability B11,

3.2. Absorption, Distribution, Metabolism, Excretion

Absorption, distribution, metabolism, and excretion are four processes that together describe a drug’s passage through
the body.

3.2.1. Absorption

Flavones are typically present in food as glycosides. The absorption of orally delivered apigenin has been the subject of
animal studies, particularly in rats B2, Most of these studies show that apigenin aglycones and O-glycosides are absorbed
quickly: the Tmax is generally < 1 h, with a Cmax of 1-100 mmol/L, depending on the dose and the food matrix 53!,
Studies in humans that used celery leaves or parsley show plasma concentrations of <0.2 mmol/L with a Tmax > 7 h B4,
As for apigenin O-glycosides, rats are the most common animal model used for the absorption of apigenin C-glycoside.
The Tmax for C-glycosides studied was <1 h and the Cmax was 1-29 mmol/L, varying with the dose. Depending on the
sugar fraction, the absorption could occur in the small intestine or colon after deglycosylation. Glucosides are generally
the only glycosides that can be absorbed from the small intestine and the absorption involves the glucose transport
pathway. It is hypothesized that apigenin glucosides can be hydrolyzed by cytosolic 3-glucosidase (CBG) and lactase-
phlorizin hydrolase (LPH). The aglycone resulting after deglycosylation may then enter epithelial cells by passive diffusion.
LPH is a membrane-bound enzyme found in the brush border of the small intestine and CBG is a broad-specificity
cytosolic enzyme found in abundance in the liver, kidney, and small intestine of mammals. For CBG to cleave flavonoid
glycosides, the molecules must first be actively or passively transported into the cytosol 24,

Although the sugar transporter SGLT1 may facilitate the absorption of certain glycosides, such as quercetin-3-glucoside
and quercetin-4'-glucoside, into epithelial cells, it does not appear to transport flavones. In fact, apigenin and its
glycosides (apigenin-6-C-glucoside, apigenin-7-O-glucoside, apigenin-8-O-glucoside) seem to be absorbed by epithelial
cells of the small intestine only after hydrolyzation into aglycones. Flavonoids that cannot be absorbed from the small
intestine, as well as the absorbed flavonoids secreted with bile, will be degraded in the colon by the microbiota [L&l.



3.2.2. Distribution

Multiple in vivo studies have shown that apigenin has a good distribution to tissues, mainly the liver and intestine, due to
its capacity to bind to soluble proteins in the blood and tissues. Wan et al. B2 showed that following the IV administration
of 20 mg/kg of apigenin in rats, the initial blood concentration of apigenin (10 pg/mL) dropped rapidly within 30 min (100
ng/mL). Still, this rapid decline was followed by a slow disappearance of apigenin from the circulation, with a T % close to
8 h. Furthermore, the Vd of apigenin was much larger than the total body water of rats. In another study 38, mice were
fed a diet containing apigenin for 5, 6, or 7 days. It was found that with a dose of 1.1 mmol/kg apigenin, the plasma levels
of apigenin reached a steady state after 5 days with concentrations of apigenin in plasma, liver, and the small intestinal
mucosa of 0.09 = 0.08 nmol/mL, 1.5 + 1.0 nmol/g, and 86 + 47 nmol/g, respectively. Following the oral administration of
Chrysanthemum morifolium extracts in rats 22, apigenin and luteolin were observed to be distributed along all the tissues
of the gastrointestinal tract with concentrations three to ten times higher in the jejunum, as compared to other segments of
the intestines.

The post-absorption tissue distribution of apigenin is driven by its compatibility with the human serum transferrin
glycoprotein at the Fe3+ binding site using the interaction between the electrostatic and hydrogen bonds of the C5 and C7
hydroxyl groups of the apigenin B ring, the component amino acids Lys-291 and Tyr-188 of transferrin, and between the
carbonyl of the C ring of apigenin and Arg-124 of transferrin. It is useful to remember that the distribution to the tissues as
a consequence of the intrinsic lipophilicity is, for apigenin, supported by the LogP of 2.84 (the LogP or Log Kow measure
of the differential of the solubility of chemical compounds in two solvents). Therefore, it is well below the LogP threshold >
5 (high lipophilicity) for a drug to be active orally and by passive diffusion to cross the membrane and bypass the blood—
brain barrier, according to Lipinski's rule 58],

3.2.3. Metabolism

The absorbed apigenin may go through functionalization reactions (phase | metabolism) and conjugation reactions (phase
Il metabolism) in the intestine and liver BB, phase | reactions lead to the introduction of functional groups that give the
molecule a particular chemical reactivity. In the presence of NADPH, these reactions are catalyzed by two families of liver
enzymes: cytochromes and flavin-containing monooxygenase 9. Phase Il reactions lead to the formation of a covalent
bond with endogenous molecules such as glucuronic acid, sulfate, glutathione, amino acids, or the acetate ion. These
conjugated flavonoids may also be transported through the efflux transporters multi-drug resistance protein-1 (also
referred to P-gp, ABCB1, CD-243) and multi-drug resistance-associated protein-2 (also referred to ABCC2 and CMOAT),
whose distribution can be dramatically altered in cancers that regulate the intra-individual variability of the absorption in
the intestinal tract (611,

Metabolites generated during phase | (luteolin) and phase Il (sulfated and glucuronated conjugates) have four possible
pathways [

« Direct systemic absorption;
¢ Excretion;

« Passage with the bile from the liver to the intestine, where they are hydrolyzed by bacterial beta-glucuronidases,
returning to an absorbable form again (entero-hepatic circulation);

« Passage into the intestinal lumen, where they are subject to hydrolysis and subsequently reabsorbed (entero-enteric
circulation and local enteric circulation) €2,

3.2.4. Excretion

Apigenin’s high volume of distribution and enterohepatic/enteric recycling processes indicate that the elimination patterns
of this lipophilic molecule will be delayed 9. A study 63 observed that, following a single oral administration of radio-
labeled apigenin, approximately 50% of apigenin was recovered in urine and 12% in feces. Although most products were
excreted within the first 24 h, about 25% of the original apigenin dose was retained 10 days after treatment, suggesting
apigenin’s slow absorption and elimination in the body 52,



References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

IARC—WHO lItaly Fact Sheet 380. Available online: https://gco.iarc.fr/today/data/factsheets/populations/380-italy-fact-
sheets.pdf (accessed on 30 October 2023).

. Dixon, K.; Kopras, E. Genetic Alterations and DNA Repair in Human Carcinogenesis. Semin. Cancer Biol. 2004, 14,

441-448.

. Schottenfeld, D.; Beebe-Dimmer, J.L. Advances in Cancer Epidemiology: Understanding Causal Mechanisms and the

Evidence for Implementing Interventions. Annu. Rev. Public Health 2005, 26, 37—-60.

. Hanahan, D.; Weinberg, R.A. The Hallmarks of Cancer. Cell 2000, 100, 57-70.
. Hanahan, D. Hallmarks of Cancer: New Dimensions. Cancer Discov. 2022, 12, 31-46.
. Hanahan, D.; Weinberg, R.A. Hallmarks of Cancer: The next Generation. Cell 2011, 144, 646—674.

. Senthakumaran, T.; Moen, A.; Tannaes, T.; Endres, A.; Brackmann, S.; Rounge, T.; Bemanian, V.; Tunsjg, H. Microbial

Dynamics with CRC Progression: A Study of the Mucosal Microbiota at Multiple Sites in Cancers, Adenomatous Polyps,
and Healthy Controls. Eur. J. Clin. Microbiol. Infect. Dis. 2023, 42, 305.

. Chen, H.; Tong, T.; Lu, S.Y.; Ji, L.; Xuan, B.; Zhao, G.; Yan, Y.; Song, L.; Zhao, L.; Xie, Y.; et al. Urea Cycle Activation

Triggered by Host-Microbiota Maladaptation Driving Colorectal Tumorigenesis. Cell Metab. 2023, 35, 651-666.e7.

. Surh, Y.J. Cancer Chemoprevention with Dietary Phytochemicals. Nat. Rev. Cancer 2003, 3, 768-780.

Manson, M.M. Cancer Prevention—The Potential for Diet to Modulate Molecular Signalling. Trends Mol. Med. 2003, 9,
11-18.

Bhosale, P.B.; Ha, S.E.; Vetrivel, P.; Kim, H.H.; Kim, S.M.; Kim, G.S. Functions of Polyphenols and Its Anticancer
Properties in Biomedical Research: A Narrative Review. Transl. Cancer Res. 2020, 9, 7619-7631.

Mutha, R.E.; Tatiya, A.U.; Surana, S.J. Flavonoids as Natural Phenolic Compounds and Their Role in Therapeutics: An
Overview. Futur. J. Pharm. Sci. 2021, 7, 25.

Kalt, W.; Cassidy, A.; Howard, L.R.; Krikorian, R.; Stull, A.J.; Tremblay, F.; Zamora-Ros, R. Recent Research on the
Health Benefits of Blueberries and Their Anthocyanins. Adv. Nutr. 2020, 11, 224-236.

Almatrood, S.A.; Almatroudi, A.; Khan, A.A.; Alhumaydh, F.A.; Alsahl, M.A.; Rahmani, A.H. Potential Therapeutic
Targets of Epigallocatechin Gallate (EGCG), the Most Abundant Catechin in Green Tea, and Its Role in the Therapy of
Various Types of Cancer. Molecules 2020, 25, 3146.

Ren, B.; Kwah, M.X.Y.; Liu, C.; Ma, Z.; Shanmugam, M.K.; Ding, L.; Xiang, X.; Ho, P.C.L.; Wang, L.; Ong, P.S.; et al.
Resveratrol for Cancer Therapy: Challenges and Future Perspectives. Cancer Lett. 2021, 515, 63-72.

Boutas, I.; Kontogeorgi, A.; Dimitrakakis, C.; Kalantaridou, S.N. Soy Isoflavones and Breast Cancer Risk: A Meta-
Analysis. In Vivo 2022, 36, 556-562.

Weng, W.; Goel, A. Curcumin and Colorectal Cancer: An Update and Current Perspective on This Natural Medicine.
Semin. Cancer Biol. 2022, 80, 73-86.

Wang, M.; Firrman, J.; Liu, L.S.; Yam, K. A Review on Flavonoid Apigenin: Dietary Intake, ADME, Antimicrobial Effects,
and Interactions with Human Gut Microbiota. Biomed Res. Int. 2019, 2019, 7010467.

Chen, A.Y.; Chen, Y.C. A Review of the Dietary Flavonoid, Kaempferol on Human Health and Cancer
Chemoprevention. Food Chem. 2013, 138, 2099-2107.

Yan, X.; Qi, M.; Li, P.; Zhan, Y.; Shao, H. Apigenin in Cancer Therapy: Anticancer Effects and Mechanisms of Action.
Cell Biosci. 2017, 7, 1-16.

Lefort, E.C.; Blay, J. Apigenin and Its Impact on Gastrointestinal Cancers. Mol. Nutr. Food Res. 2013, 57, 126-144.

Nabavi, S.F.; Khan, H.; D’onofrio, G.; Samec, D.; Shirooie, S.; Dehpour, A.R.; Argiielles, S.; Habtemariam, S.; Sobarzo-
Sanchez, E. Apigenin as Neuroprotective Agent: Of Mice and Men. Pharmacol. Res. 2018, 128, 359-365.

Balez, R.; Steiner, N.; Engel, M.; Mufioz, S.S.; Lum, J.S.; Wu, Y.; Wang, D.; Vallotton, P.; Sachdey, P.; O’Connor, M.; et
al. Neuroprotective Effects of Apigenin against Inflammation, Neuronal Excitability and Apoptosis in an Induced
Pluripotent Stem Cell Model of Alzheimer’s Disease. Sci. Rep. 2016, 6, 31450.

Leach, M.J.; Page, A.T. Herbal Medicine for Insomnia: A Systematic Review and Meta-Analysis. Sleep Med. Rev. 2015,
24, 1-12.

Anwar, S.; Almatroudi, A.; Alsahli, M.A.; Khan, M.A.; Khan, A.A.; Rahmani, A.H. Natural Products: Implication in Cancer
Prevention and Treatment through Modulating Various Biological Activities. Anticancer Agents Med. Chem. 2020, 20,
2025-2040.



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Papachristou, F.; Anninou, N.; Koukoulis, G.; Paraskakis, S.; Sertaridou, E.; Tsalikidis, C.; Pitiakoudis, M.; Simopoulos,
C.; Tsaroucha, A. Differential Effects of Cisplatin Combined with the Flavonoid Apigenin on HepG2, Hep3B, and Huh?7
Liver Cancer Cell Lines. Mutat. Res./Genet. Toxicol. Environ. Mutagen. 2021, 866, 503352.

Nozhat, Z.; Heydarzadeh, S.; Memariani, Z.; Ahmadi, A. Chemoprotective and Chemosensitizing Effects of Apigenin on
Cancer Therapy. Cancer Cell Int. 2021, 21, 1-26.

Chan, L.P;; Chou, T.H.; Ding, H.Y.; Chen, P.R.; Chiang, F.Y.; Kuo, P.L.; Liang, C.H. Apigenin Induces Apoptosis via
Tumor Necrosis Factor Receptor- and Bcl-2-Mediated Pathway and Enhances Susceptibility of Head and Neck
Squamous Cell Carcinoma to 5-Fluorouracil and Cisplatin. Biochim. Biophys. Acta-Gen. Subj. 2012, 1820, 1081-1091.

Mahbub, A.; Le Maitre, C.; Haywood-Small, S.; Cross, N.; Jordan-Mahy, N. Polyphenols Act Synergistically with
Doxorubicin and Etoposide in Leukaemia Cell Lines. Cell Death Discov. 2015, 1, 15043.

Berkéz, M.; Yalin, S.; Ozkan-Yilmaz, F.; Ozluer-Hunt, A.; Krosniak, M.; Francik, R.; Yunusoglu, O.; Adiyaman, A.;
Gezici, H.; Yigit, A.; et al. Protective Effect of Myricetin, Apigenin, and Hesperidin Pretreatments on Cyclophosphamide-
Induced Immunosuppression. Immunopharmacol. Immunotoxicol. 2021, 43, 353—369.

Chen, R.Q.; Liu, F; Qiu, X.Y.; Chen, X.Q. The Prognostic and Therapeutic Value of PD-L1 in Glioma. Front. Pharmacol.
2019, 9, 1503.

Xu, Y.; Xin, Y.; Diao, Y.; Lu, C.; Fu, J.; Luo, L.; Yin, Z. Synergistic Effects of Apigenin and Paclitaxel on Apoptosis of
Cancer Cells. PLoS ONE 2011, 6, e29169.

Strouch, M.J.; Milam, B.M.; Melstrom, L.G.; McGill, J.J.; Salabat, M.R.; Ujiki, M.B.; Ding, X.Z.; Bentrem, D.J. The
Flavonoid Apigenin Potentiates the Growth Inhibitory Effects of Gemcitabine and Abrogates Gemcitabine Resistance in
Human Pancreatic Cancer Cells. Pancreas 2009, 38, 409—415.

Ahmed, S.A.; Parama, D.; Daimari, E.; Girisa, S.; Banik, K.; Harsha, C.; Dutta, U.; Kunnumakkara, A.B. Rationalizing
the Therapeutic Potential of Apigenin against Cancer. Life Sci. 2021, 267, 118814.

Sahindokuyucu-Kocasari, F.; Akyol, Y.; Ozmen, O.; Erdemli-Kose, S.B.; Garli, S. Apigenin Alleviates Methotrexate-
Induced Liver and Kidney Injury in Mice. Hum. Exp. Toxicol. 2021, 40, 1721-1731.

Yu, W.; Sun, H.; Zha, W.; Cui, W.; Xu, L.; Min, Q.; Wu, J. Apigenin Attenuates Adriamycin-Induced Cardiomyocyte
Apoptosis via the PI3BK/AKT/MTOR Pathway. Evid. Based. Complement. Alternat. Med. 2017, 2017, 2590676.

Zare, M.F.R.; Rakhshan, K.; Aboutaleb, N.; Nikbakht, F.; Naderi, N.; Bakhshesh, M.; Azizi, Y. Apigenin Attenuates
Doxorubicin Induced Cardiotoxicity via Reducing Oxidative Stress and Apoptosis in Male Rats. Life Sci. 2019, 232,
116623.

Hassan, S.M.; Khalaf, M.M.; Sadek, S.A.; Abo-Youssef, A.M. Protective Effects of Apigenin and Myricetin against
Cisplatin-Induced Nephrotoxicity in Mice. Pharm. Biol. 2017, 55, 766-774.

Kashyap, D.; Sharma, A.; Tuli, H.S.; Sak, K.; Garg, V.K.; Buttar, H.S.; Setzer, W.N.; Sethi, G. Apigenin: A Natural
Bioactive Flavone-Type Molecule with Promising Therapeutic Function. J. Funct. Foods 2018, 48, 457-471.

Nabavi, S.; Habtemariam, S.; Daglia, M.; Nabavi, S. Apigenin and Breast Cancers: From Chemistry to Medicine.
Anticancer Agents Med. Chem. 2015, 15, 728-735.

Rein, M.J.; Renouf, M.; Cruz-Hernandez, C.; Actis-Goretta, L.; Thakkar, S.K.; da Silva Pinto, M. Bioavailability of
Bioactive Food Compounds: A Challenging Journey to Bioefficacy. Br. J. Clin. Pharmacol. 2013, 75, 588-602.

Kashyap, P.; Shikha, D.; Thakur, M.; Aneja, A. Functionality of Apigenin as a Potent Antioxidant with Emphasis on
Bioavailability, Metabolism, Action Mechanism and in Vitro and in Vivo Studies: A Review. J. Food Biochem. 2022, 46,
€13950.

Schneider, H.; Blaut, M. Anaerobic Degradation of Flavonoids by Eubacterium Ramulus. Arch. Microbiol. 2000, 173,
71-75.

Al-Ishaq, R.K.; Liskova, A.; Kubatka, P.; Biisselberg, D. Enzymatic Metabolism of Flavonoids by Gut Microbiota and Its
Impact on Gastrointestinal Cancer. Cancers 2021, 13, 3934.

Kim, B.K.; Cho, A.R.; Park, D.J. Enhancing Oral Bioavailability Using Preparations of Apigenin-Loaded W/O/W
Emulsions: In Vitro and in Vivo Evaluations. Food Chem. 2016, 206, 85-91.

Rajendran, I.; Dhandapani, H.; Anantanarayanan, R.; Rajaram, R. Apigenin Mediated Gold Nanoparticle Synthesis and
Their Anticancer Effect on Human Epidermoid Carcinoma (A431) Cells. RSC Adv. 2015, 5, 51055-51066.

Telange, D.R.; Patil, A.T.; Pethe, A.M.; Fegade, H.; Anand, S.; Dave, V.S. Formulation and Characterization of an
Apigenin-Phospholipid Phytosome (APLC) for Improved Solubility, in Vivo Bioavailability, and Antioxidant Potential. Eur.
J. Pharm. Sci. 2017, 108, 36—49.



48.

49.

50.

51.

52.

53.

54.

55.

56

57.

58.

59.

60.

61.

62.

63.

Bergonzi, M.C.; Piazzini, V.; Bilia, A.R. Nanovettori per La Veicolazione Dei Flavonoidi: Un’opportunita per Aumentarne
La Biodisponibilita Orale e I'efficacia. Erbor. Domani 2017, 395, 60-62.

Zhao, L.; Zhang, L.; Meng, L.; Wang, J.; Zhai, G. Design and Evaluation of a Self-Microemulsifying Drug Delivery
System for Apigenin. Drug Dev. Ind. Pharm. 2013, 39, 662-669.

DeRango-Adem, E.F.; Blay, J. Does Oral Apigenin Have Real Potential for a Therapeutic Effect in the Context of
Human Gastrointestinal and Other Cancers? Front. Pharmacol. 2021, 12, 681477.

Kazi, M.; Alhajri, A.; Alshehri, S.M.; Elzayat, E.M.; Al Meanazel, O.T.; Shakeel, F.; Noman, O.; Altamimi, M.A.; Alanazi,
F.K. Enhancing Oral Bioavailability of Apigenin Using a Bioactive Self-Nanoemulsifying Drug Delivery System (Bio-
SNEDDS): In Vitro, in Vivo and Stability Evaluations. Pharmaceutics 2020, 12, 749.

Kariagina, A.; Doseff, A.l. Anti-Inflammatory Mechanisms of Dietary Flavones: Tapping into Nature to Control Chronic
Inflammation in Obesity and Cancer. Int. J. Mol. Sci. 2022, 23, 15753.

Hanske, L.; Loh, G.; Sczesny, S.; Blaut, M.; Braune, A. The Bioavailability of Apigenin-7-Glucoside Is Influenced by
Human Intestinal Microbiota in Rats 1-3. J. Nutr. 2009, 139, 1095-1102.

Hostetler, G.L.; Ralston, R.A.; Schwartz, S.J. Flavones: Food Sources, Bioavailability, Metabolism, and Bioactivity 1,2.
Adv. Nutr. 2017, 8, 423-435.

Wan, L.; Guo, C.; Yu, Q.; Li, Y.; Wang, X.; Wang, X.; Chen, C. Quantitative Determination of Apigenin and Its
Metabolism in Rat Plasma after Intravenous Bolus Administration by HPLC Coupled with Tandem Mass Spectrometry.
J. Chromatogr. B Anal. Technol. Biomed. Life Sci. 2007, 855, 286—289.

. Cai, H.; Boocock, D.J.; Steward, W.P.; Gescher, A.J. Tissue Distribution in Mice and Metabolism in Murine and Human

Liver of Apigenin and Tricin, Flavones with Putative Cancer Chemopreventive Properties. Cancer Chemother.
Pharmacol. 2007, 60, 257—-266.

Lu, X.Y.; Sun, D.L.; Chen, Z.J.; Chen, T,; Li, L.P.; Xu, Z.H.; Jiang, H.D.; Zeng, S. Relative Contribution of Small and
Large Intestine to Deglycosylation and Absorption of Flavonoids from Chrysanthemun Morifolium Extract. J. Agric. Food
Chem. 2010, 58, 10661-10667.

Sandu, N.; Chilom, C.G.; Popescu, A.l. Structural and Molecular Aspects of Flavonoids as Ligands for Serum
Transferrin. Spectrochim. Acta Part A Mol. Biomol. Spectrosc. 2021, 254, 119600.

Borges, G.; Fong, R.Y.; Ensunsa, J.L.; Kimball, J.; Medici, V.; Ottaviani, J.l.; Crozier, A. Absorption, Distribution,
Metabolism and Excretion of Apigenin and Its Glycosides in Healthy Male Adults. Free Radic. Biol. Med. 2022, 185, 90—
96.

Tang, D.; Chen, K.; Huang, L.; Li, J. Pharmacokinetic Properties and Drug Interactions of Apigenin, a Natural Flavone.
Expert Opin. Drug Metab. Toxicol. 2017, 13, 323-330.

Li, L.; Yi, T.; Lam, C.W.K. Inhibition of Human Efflux Transporter ABCC2 (MRP2) by Self-Emulsifying Drug Delivery
System: Influences of Concentration and Combination of Excipients. J. Pharm. Pharm. Sci. 2014, 17, 447-460.

Xia, B.; Zhou, Q.; Zheng, Z.; Ye, L.; Hu, M.; Liu, Z. A Novel Local Recycling Mechanism That Enhances Enteric
Bioavailability of Flavonoids and Prolongs Their Residence Time in the Gut. Mol. Pharm. 2012, 9, 3246-3258.

Gradolatto, A.; Basly, J.P.; Berges, R.; Teyssier, C.; Chagnon, M.C.; Siess, M.H.; Canivenc-Lavier, M.C.
Pharmacokinetics and Metabolism of Apigenin in Female and Male Rats after a Single Oral Administration. Drug
Metab. Dispos. 2005, 33, 49-54.

Retrieved from https://encyclopedia.pub/entry/history/show/120620



