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Abstract: Phytoestrogens exhibit various pharmacological estrogen-like effects, such as in the prevention and
treatment of osteoporosis, cardiovascular diseases, tumors, etc., but the specific mechanism is still unclear. In
recent years, estrogen receptor alpha-mediated rapid non-genomic effects have been identified to play an important
role in the pathogenesis of estrogen-related diseases. The research of phytoestrogens exerting pharmacological
effects through non-genomic effects has also received increasing attention. This article summarizes the research
progress in estrogen receptor alpha-mediated non-genomic effects and analyzes the possible involvement of
rapid non-genomic effects in certain pharmacological effects of phytoestrogens. The future prospects of estrogen

receptor-mediated non-genomic effects by phytoestrogens are also discussed.
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Table 1 Diseases and potential mechanisms of non-genomic effect of estrogen receptor alpha (ERa). DPM: Disrupting peptide mouse;

mMERa: Membrane estrogen receptor alpha; Akt: Protein kinase B; ERK: Extracellular regulated protein kinases; eNOS: Endothelial nitric

oxide synthase; EC: Endothelial cell; SMC: Smooth muscle cell; EDC: Estrogen dendrimer conjugate; PaPE: Pathway preferential estrogen;

CREB: cAMP-response element binding protein; PPT: Estrogen receptor alpha agonist; p38 MAPK: p38 Mitogen activated protein kinase;
MgATPase: Mg?* ATPase; KRR: Triple point mutant version of ERa; PP2A: Protein phosphatase 2; AMPK: Adenosine 5-monophosphate-
activated protein kinase; C451A-ERa: Palmitoylation site of ERa; BV/TV: Bone volume/total volume; ERaKO: ERa knock out

ER pharmacological

Disease Mechansim Reference
model
Vascular injury DPM mMERa — Akt, ERK1/2 — eNOS — EC proliferation, inhibit SMC proliferation [29]
Cerebral ischemia and EDC, PaPE mER — Akt, ERK1/2, CREB — neuroprotective effects [35]
reperfusion injury
Myocardial disorder PPT MERa — p38 MAPK — MgATPase activity — decrease myocardial calcium [38]
sensitivity
Metabolic disorders KRR MERa — PP2A — Akt, AMPK — regulate energy expenditure [40]
Osteoporosis ERa-C451A MERa — increase trabecular bone mass BV/TV [42]
Aging ERaKO mERa — cAMP, Akt, MAPK/ERK1/2 — protect memory and cognitive functions [44]
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Figure 1  Genomic vs nongenomic signaling pathways of estrogen receptors by estradiol (E2) or phytoestrogen (PE). The genomic effects
of estrogen receptors include ligand (E2/PE) activation of cytosolic/nuclear ER (nER) bound to heat shock protein 90 (HSP90), nER

dimerization, and direct DNA binding to estrogen response elements (ERE) before modulation of gene transcription and induce the related

pharmacological actions. The nongenomic effects of estrogen receptors involve ER located close to the membrane (mER), direct bind ER-

interacting proteins (cavelin-1, striatin MNAR Gai). This allows the subsequent interaction of mER upon E2 activation with protein kinases

(Src,PI3K), leading to signaling cascades (Akt, ERK1/2, MAPK), and eNOS activation, and induce the related pharmacological actions.

P: Phosphorylation; TF: Transcription factors; MNAR: Modulator of nongenomic activity of estrogen receptor



- 858 - 25254k Acta Pharmaceutica Sinica 2020, 55(5): 854 —860

Table 2 Phytoestrogens with demonstrated ERa nongenmoic effects

Phytoestrogen ER Subtype Mechansim Reference
Bakuchiol ERa PI3K/Akt, ERK1/2 — enhance the remodelling of injured cartilage [20]
Tanshinone 1A ERa ERK1/2 — eNOS — Ca?" — vasodilative effects [52]
Puerarin ER PI3K/Akt, CaMKII/AMPK — eNOS — endothelial dysfunction [53]
Notoginsenoside R1 ERa PI3K/Akt — eNOS, NF-xB — ameliorate septic cardiac dysfunction and inflammation [54]
Genistein ERa ERK1/2 — neuroprotection against focal cerebal ischemia referfusion injury [63]
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