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Genistein is an isoflavonoid present in high quantities in soy beans. Possessing a wide range of bioactives, it is being

studied extensively for its tumoricidal effects. Investigations into mechanisms of the anti-cancer activity have revealed

many pathways including induction of cell proliferation, suppression of tyrosine kinases, regulation of Hedgehog-Gli1

signaling, modulation of epigenetic activities, seizing of cell cycle and Akt and MEK signaling pathways, among others via

which the cancer cell proliferation can be controlled. Notwithstanding, the observed activities have been time and dose-

dependent. In addition, genistein has also shown varying results in women depending on the physiological parameters,

such as the early or post-menopausal states.
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1. Introduction

Genistein, an isoflavone, is a natural phytoestrogen present in soybeans and native to Southeast Asia. It was first isolated

from Genista tinctoria (L.) in 1899 and named after it, following which it has been mostly identified in the Trifolium spp.,

exclusive to the Leguminosae (Fabaceae) .

Several in vitro and in vivo studies have attempted to understand and gain a better insight into the mechanisms underlying

the biomedical properties of genistein . The isoflavonoid has been analyzed and previously reviewed for its

neoplastic potentials. The pathways though which genistein alleviates breast cancer include various grey areas which

pertain to the molecular mechanisms of genistein, and preclinical results remain unclear. The identification of the

mechanistic action of genistein on breast cancer could help in the development of anti-breast cancer therapy in cases

where there are no targeted therapies known or available. Further research into the mechanistic action of genistein could

lead to the development of a potential plant-based cancer drug with minimal deleterious effects, along with overcoming

drug resistance and repression of reoccurrence of cancers. Such a development of genistein in chemotherapy may be a

powerful tool in personalized medicine.

2. Chemistry of Genistein

2.1. Structure

In plants, the synthesis of genistein starts from a flavanone, naringenin, by the isoflavone synthase enzyme due to ring

migration . The structure of genistein (chemically, 4′,5,7-trihydroxyisoflavone (C15H10O5)) and estradiol have been

observed to be similar ; hence, genistein has estrogenic activity and is a good example of a phyto-estrogenic substance.

Its nucleus is made up of two arenes (A and B) coupled to another carbon ring (C). It has a limited water solubility and a

preference for polar solvents such as acetone and ethanol. It has a C2-C3 double bond in its basic carbon skeleton, as

well as an oxo-group in the C ring at the C4 position along with 3 hydroxyl groups at the C 4′, 5, and 7 locations of rings A

and B . The structure of genistein is illustrated in Figure 1.
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Figure 1. Structure of genistein. PubChem CID 5280961 (https://pubchem.ncbi.nlm.nih.gov/compound/Genistein,

accessed on 1 October 2021).

2.2. Synthesis of Genistein

Baker was the first to synthesize genistein organically in 1928  using deoxybenzoin as a substrate. The cyclization of

ketones was used as a chemical method of genistein synthesis in an oven . Its synthesis from 2,4,6-trihydroxyphenyl

ethenone with the two hydroxyl substituents in the triol as methoxymethyl ester has been attempted using a technique that

begins with ketone production, followed by closing of the ring structure and a Suzuki coupling reaction with palladium

acetate and polyethylene glycol . Treatment of trihydroxybenzoin, derived by acylation of phloroglucinol substituted with

phenyl acetonitrile using hydrochloric acid and zinc chloride with catalyst dry ether, is a more contemporary technique to

genistein production . Biotechnological synthesis was accomplished by converting (2S)-naringen to genistein under

NAD(P)H and oxygen-dependent states and adding cytochrome P-450 to soybean cell cultures . Employing genetically

modified Saccharomyces cerevisiae cells containing the isoflavone synthase gene obtained from Glycyrrhyza echinata, a

metabolic approach along with engineering tools was set up as genistein synthesis . In Nicotiana tabacum leaves

transformed with IFS, genistein was created via acting on the phenylpropanoid pathway; however, ultraviolet ray treatment

also increased genistein assembly . Biological genistein synthesis from p-coumaric acid or naringenin was attempted

utilizing Escherichia coli as a biotransformation host using Os4CL, PeCHS, RcIFS, and OsCPR for production .

2.3. Synthesis of Genistein Derivates or Analogues

Synthesis of analogues of genistein was achieved by the Ferrier rearrangement of compounds yielding 2,3-unsaturated

bromo-alkyl-glycosides, which were then epoxidated with meta-chloroperoxybenzoic acid before coupling with genistein

. For the manufacture of genistein derivatives, new glycosylation and glycoconjugation chemical techniques have been

devised . A novel three-step synthesis from genistein of a water-soluble compound was also attempted, in which base-

catalyzed reaction of genistein was hydrolyzed to obtain the target compound .

2.4. Bioavailability and Metabolism of Genistein

The amount of a component that is absorbed in the body is known as bioavailability. It is critical to research a chemical’s

bioavailability in order to determine how effective it is on the body. Poor water solubility of genistein is a limitation to

overcome for its bioavailability after oral administration, for which water-soluble derivatives of genistein were synthesized

. Because of its low molecular weight (270 kDa) and lipophilic characteristics, genistein is quickly absorbed in the

intestine in both rodents and humans . A very low half-life of approximately 46 h was observed in vivo following oral

administration . Glucuronidation and sulfation are major pathways of metabolism of genistein with the production of

metabolites . Once consumed, genistein is converted into genistein glucuronide and sulphate in the intestine, which

along with genistein circulate through veins with the assistance of multidrug resistance-associated protein 3 transporters

with a 100% absorption ratio . The metabolites are excreted through bile or through kidneys. In humans, micromolar

levels of genistein in blood can be found through prolonged dietary exposure . Metabolomic studies may be required

in order to assess the intracellular concentrations of genistein at which modulation of a range of targets occur and hence,

careful attention is required towards the dose-dependent behavior of genistein, as well as the pertaining molecular

intricacy . One main limitation with genistein being a natural compound is its low water solubility, which may need to

be modified with respect to its chemical structure in order to increase solubility and have higher bioavailability .

Furthermore, studies may need to be performed on identifying the purified individual versus mixture of isoflavones present

in breast cancer. However, studies observing the pharmacological and biomedical activity of unbound genistein in

comparison with its metabolic products are less. Hence, it is important to evaluate free, unbound genistein concentration
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in blood. Being bitter in taste, genistein requires different formulations in order to overcome the taste, as well as the

limitation of bioavailability.

3. Genistein and Cancer

Genistein has demonstrated a plethora of biomedical effects, such as anti-oxidation, anti-proliferation, and tumoricidal

activities . More importantly, in vivo, in vitro, as well as in silico research into its anti-cancer properties have pointed

towards a pivotal role played by genistein as an anti-tumoricidal molecule in varied types of cancer . Two very important

reasons for the extensive research conducted on genistein over the past decade are the evidence of lower risk of

diseases in association with its administration and to look for pharmacologic drugs that affect with growth factor signaling

pathways in cells.

Numerous previous studies have reported arrest of cell-division cycle and apoptosis in multiple cancer cell lines in in vitro

studies, as well as demonstration of the same in vivo . When researchers looked at the consequences of genistein on

cell cycle progression in prostate cancer cell lines, they discovered that it stopped cell-division cycles in the G2/M phases

due to the downregulation of cyclin B expression, leading to the conclusion that it could be a potent regulator of cyclin B

with potential applications in cancer prevention . In a study of the pleiotropic molecular effects of genistein on head

cancer cells, researchers discovered that genistein causes molecular alterations in the cancer cells that impede cell

development and induce apoptosis. In a series of tests, the same researchers discovered that genistein halted

progression through the cell cycle and death in a head cancer cell line through regulating p21WAF1 and Bax, as well as

repressing cyclin B1 and Bcl-2. They further confirmed that genistein reduces metaphase chromosomal spread and

hampers nuclear translocation of human telomerase reverse transcriptase without impacting telomerase activity via

downregulating cerbB-2 . Some recently discovered mechanisms employed by genistein in various cancer models to

bring about anti-cancer effect are summarized in Table 1.

Table 1. Some recently discovered anti-cancer mechanisms of genistein.

Effect Mechanism Cancer Model Reference

Evasion of Apoptosis
ER-stress HL-60

↑ROS Mia-PaCa2 and PANC-1

Cell cycle arrest
G0/G1arrest Mia-PaCa2 and PANC-1

Mitotic arrest, ↓PlK1 TP53-mutated A460 cancer cells

Anti-metastatic ↓DMBA-induced metastatic transition Mouse model

Anti-proliferative

↑p-ERK

Mouse model↑BDNF

↓AChE

↓mTOR

Hen model

↓p70S6K1

↓4E-BP1

↓Bcl-2

↑Nrf2

↑HO-1

↑Bax

↓HDACs HeLa cells

ER—Estrogen Receptor; ROS—Reactive Oxygen Species; PlK1—Polo-Like Kinase 1; DMBA—7,12-

Dimethylbenz[a]anthracene; p-ERK—Phosphorylated Extracellular Signal-Regulated Kinase; BDNF—Brain-Derived

Neurotrophic Factor; AChE—Acetylcholinesterase; mTOR—Mammalian target of rapamycin; p70S6K1—Ribosomal

protein S6 kinase β 1; 4E-BP1—Eukaryotic translation initiation factor 4E-binding protein 1; Bcl-2—BCL2 apoptosis

regulator gene; Nrf2—Nuclear factor erythroid 2-related factor 2; HO-1—Heme Oxygenase 1; Bax—BCL2 Associated X,

Apoptosis Regulator gene; HDACs—Histone Deacetylases.

[25]

[26]

[4][25]

[27]

[28]

[29]

[30]

[30]

[31]

[32]

[33]

[34]

[35]



References

1. Dixon, R.A.; Ferreira, D. Genistein. Phytochemistry 2002, 60, 205–211.

2. Mukund, V. Genistein: Its Role in Breast Cancer Growth and Metastasis. Curr. Drug Metab. 2020, 21, 6–10.

3. Sharifi-Rad, J.; Quispe, C.; Imran, M.; Rauf, A.; Nadeem, M.; Gondal, T.A.; Ahmad, B.; Atif, M.; Mubarak, M.S.; Sytar,
O.; et al. Genistein: An Integrative Overview of Its Mode of Action, Pharmacological Properties, and Health Benefits.
Oxid. Med. Cell. Longev. 2021, 2021, 3268136.

4. Tuli, H.S.; Tuorkey, M.J.; Thakral, F.; Sak, K.; Kumar, M.; Sharma, A.K.; Sharma, U.; Jain, A.; Aggarwal, V.; Bishayee, A.
Molecular Mechanisms of Action of Genistein in Cancer: Recent Advances. Front. Pharmacol. 2019, 10, 1336.

5. Yoon, K.; Kwack, S.J.; Kim, H.S.; Lee, B.-M. Estrogenic endocrine-disrupting chemicals: Molecular mechanisms of
actions on putative human diseases. J. Toxicol. Environ. Health B Crit. Rev. 2014, 17, 127–174.

6. Baker, W.; Robinson, R. CCCCVIII.—Synthetical experiments in the isoflavone group. Part III. A synthesis of genistein.
J. Chem. Soc. 1928, 3115–3118.

7. Chang, Y.-C.; Nair, M.G.; Santell, R.C.; Helferich, W.G. Microwave-Mediated Synthesis of Anticarcinogenic Isoflavones
from Soybeans. J. Agric. Food Chem. 1994, 42, 1869–1871.

8. Denis, J.; Gordon, J.; Carroll, V.; Priefer, R. Novel Synthesis of the Isoflavone Genistein. Synthesis 2010, 2010, 1590–
1592.

9. Hamza Sherif, S.; Gebreyohannes, B. Synthesis, Characterization, and Antioxidant Activities of Genistein, Biochanin A,
and Their Analogues. J. Chem. 2018, 2018, 4032105.

10. Kochs, G.; Grisebach, H. Enzymic synthesis of isoflavones. Eur. J. Biochem. 1986, 155, 311–318.

11. Katsuyama, Y.; Miyahisa, I.; Funa, N.; Horinouchi, S. One-pot synthesis of genistein from tyrosine by coincubation of
genetically engineered Escherichia coli and Saccharomyces cerevisiae cells. Appl. Microbiol. Biotechnol. 2007, 73,
1143–1149.

12. Yu, O.; Jung, W.; Shi, J.; Croes, R.A.; Fader, G.M.; McGonigle, B.; Odell, J.T. Production of the isoflavones genistein
and daidzein in non-legume dicot and monocot tissues. Plant Physiol. 2000, 124, 781–794.

13. Kim, B.-G. Biological synthesis of genistein in Escherichia coli. J. Microbiol. Biotechnol. 2019, 30, 770–776.

14. Goj, K.; Rusin, A.; Szeja, W.; Kitel, R.; Komor, R.; Grynkiewicz, G. Synthesis of genistein 2,3-anhydroglycoconjugates-
potential antiproliferative agents. Acta Pol. Pharm. 2012, 69, 1239–1247.

15. Szeja, W.; Grynkiewicz, G.; Rusin, A. Isoflavones, their Glycosides and Glycoconjugates. Synthesis and Biological
Activity. Curr. Org. Chem. 2017, 21, 218–235.

16. Cao, Z.; Wu, Q.; Cheng, J.; Zhu, D.; Teng, W.; Liu, W.; Sun, X.; Yao, G. Synthesis of Water-Soluble 7-O-
Carboxymethyl-Genistein. J. Chem. Res. 2017, 41, 183–185.

17. Motlekar, N.; Khan, M.A.; Youan, B.-B.C. Preparation and characterization of genistein containing poly(ethylene glycol)
microparticles. J. Appl. Polym. Sci. 2006, 101, 2070–2078.

18. Wu, Y.-C.; Zheng, D.; Sun, J.-J.; Zou, Z.-K.; Ma, Z.-L. Meta-analysis of studies on breast cancer risk and diet in
Chinese women. Int. J. Clin. Exp. Med. 2015, 8, 73–85.

19. Yang, Z.; Zhu, W.; Gao, S.; Xu, H.; Wu, B.; Kulkarni, K.; Singh, R.; Tang, L.; Hu, M. Simultaneous determination of
genistein and its four phase II metabolites in blood by a sensitive and robust UPLC–MS/MS method: Application to an
oral bioavailability study of genistein in mice. J. Pharm. Biomed. Anal. 2010, 53, 81–89.

20. Yang, Z.; Kulkarni, K.; Zhu, W.; Hu, M. Bioavailability and Pharmacokinetics of Genistein: Mechanistic Studies on its
ADME. Anticancer Agents Med. Chem. 2012, 12, 1264–1280.

21. Fischer, L.; Mahoney, C.; Jeffcoat, A.R.; Koch, M.A.; Thomas, B.E.; Valentine, J.L.; Stinchcombe, T.; Boan, J.; Crowell,
J.A.; Zeisel, S.H. Clinical characteristics and pharmacokinetics of purified soy isoflavones: Multiple-dose administration
to men with prostate neoplasia. Nutr. Cancer 2004, 48, 160–170.

22. Uifălean, A.; Schneider, S.; Gierok, P.; Ionescu, C.; Iuga, C.A.; Lalk, M. The Impact of Soy Isoflavones on MCF-7 and
MDA-MB-231 Breast Cancer Cells Using a Global Metabolomic Approach. Int. J. Mol. Sci. 2016, 17, 1443.

23. Poschner, S.; Maier-Salamon, A.; Zehl, M.; Wackerlig, J.; Dobusch, D.; Pachmann, B.; Sterlini, K.L.; Jäger, W. The
Impacts of Genistein and Daidzein on Estrogen Conjugations in Human Breast Cancer Cells: A Targeted Metabolomics
Approach. Front. Pharmacol. 2017, 8, 699.



24. Tang, H.; Wang, S.; Li, X.; Zou, T.; Huang, X.; Zhang, W.; Chen, Y.; Yang, C.; Pan, Q.; Liu, H.-F. Prospects of and
limitations to the clinical applications of genistein. Discov. Med. 2019, 27, 177–188.

25. Kim, S.-H.; Kim, C.-W.; Jeon, S.-Y.; Go, R.-E.; Hwang, K.-A.; Choi, K.-C. Chemopreventive and chemotherapeutic
effects of genistein, a soy isoflavone, upon cancer development and progression in preclinical animal models. Lab.
Anim. Res. 2014, 30, 143–150.

26. Spagnuolo, C.; Russo, G.L.; Orhan, I.E.; Habtemariam, S.; Daglia, M.; Sureda, A.; Nabavi, S.F.; Devi, K.P.; Loizzo,
M.R.; Tundis, R.; et al. Genistein and cancer: Current status, challenges, and future directions. Adv. Nutr. 2015, 6, 408–
419.

27. Kobayashi, T.; Nakata, T.; Kuzumaki, T. Effect of flavonoids on cell cycle progression in prostate cancer cells. Cancer
Lett. 2002, 176, 17–23.

28. Alhasan, S.A.; Aranha, O.; Sarkar, F.H. Genistein elicits pleiotropic molecular effects on head and neck cancer cells.
Clin. Cancer Res. 2001, 7, 4174–4181.

29. Hsiao, Y.-C.; Peng, S.-F.; Lai, K.-C.; Liao, C.-L.; Huang, Y.-P.; Lin, C.-C.; Lin, M.-L.; Liu, K.-C.; Tsai, C.-C.; Ma, Y.-S.; et
al. Genistein induces apoptosis in vitro and has antitumor activity against human leukemia HL-60 cancer cell xenograft
growth in vivo. Environ. Toxicol. 2019, 34, 443–456.

30. Bi, Y.-L.; Min, M.; Shen, W.; Liu, Y. Genistein induced anticancer effects on pancreatic cancer cell lines involves
mitochondrial apoptosis, G(0)/G(1)cell cycle arrest and regulation of STAT3 signalling pathway. Phytomedicine 2018,
39, 10–16.

31. Shin, S.-B.; Woo, S.-U.; Chin, Y.-W.; Jang, Y.-J.; Yim, H. Sensitivity of TP53-Mutated Cancer Cells to the Phytoestrogen
Genistein Is Associated with Direct Inhibition of Plk1 Activity. J. Cell. Physiol. 2017, 232, 2818–2828.

32. Banerjee, S.; Li, Y.; Wang, Z.; Sarkar, F.H. Multi-targeted therapy of cancer by genistein. Cancer Lett. 2008, 269, 226–
242.

33. Lu, C.; Wang, Y.; Xu, T.; Li, Q.; Wang, D.; Zhang, L.; Fan, B.; Wang, F.; Liu, X. Genistein Ameliorates Scopolamine-
Induced Amnesia in Mice Through the Regulation of the Cholinergic Neurotransmission, Antioxidant System and the
ERK/CREB/BDNF Signaling. Front. Pharmacol. 2018, 9, 1153.

34. Sahin, K.; Yenice, E.; Bilir, B.; Orhan, C.; Tuzcu, M.; Sahin, N.; Ozercan, I.H.; Kabil, N.; Ozpolat, B.; Kucuk, O.
Genistein Prevents Development of Spontaneous Ovarian Cancer and Inhibits Tumor Growth in Hen Model. Cancer
Prev. Res. 2019, 12, 135–146.

35. Sundaram, M.K.; Ansari, M.Z.; Al Mutery, A.; Ashraf, M.; Nasab, R.; Rai, S.; Rais, N.; Hussain, A. Genistein Induces
Alterations of Epigenetic Modulatory Signatures in Human Cervical Cancer Cells. Anticancer Agents Med. Chem. 2018,
18, 412–421.

Retrieved from https://encyclopedia.pub/entry/history/show/35960


