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Abstract

Women undergoing menopause may experience a range of skin changes due to declining ovarian
function and alterations in estrogen and progesterone levels, including reduced stratum corneum
hydration, increased transepidermal water loss (TEWL), delayed lipid barrier restoration, a low-
ered inflammatory threshold, and accelerated degradation of the collagen matrix. The barrier-pro-
tective potential of natural oils and soy isoflavones is primarily attributable to the correspondence
between their bioactive components and the pathological processes affecting menopausal skin. Lin-
oleic acid (LA) contributes to the formation of w-hydroxyceramides and the lipid architecture of the
stratum corneum, making it a key fatty acid for epidermal barrier lipid reconstruction. y-Linolenic
acid (GLA) and its metabolite dihomo-y-linolenic acid (DGLA) facilitate the generation of a more
anti-inflammatory eicosanoid profile. a-Linolenic acid (ALA) and other polyunsaturated fatty acids
contribute to inflammation control through pathways associated with peroxisome proliferator-ac-
tivated receptors (PPARs), MAPK/NF-kB signaling, and oxidative stress. Phospholipids, lecithin, and
cholesterol support the formation of lipid bilayers and lamellar liquid-crystalline structures while
facilitating the delivery of bioactive compounds. Phytosterols, carotenoids, vitamin E, squalene, and
palmitoleic acid exert anti-inflammatory and antioxidant effects, protect membrane lipids, mimic
the natural sebum film, and alleviate mucosal and cutaneous dryness. On the basis of these compo-
sitional characteristics, evening primrose oil and borage seed oil, which are rich in LA and GLA; sa-
cha inchi seed oil, which is rich in ALA and LA; sea buckthorn fruit oil, which contains abundant
palmitoleic acid, carotenoids, and phytosterols; egg yolk oil, which is rich in phospholipids, choles-
terol, carotenoids, and trace steroidal components; and meadowfoam seed oil, which forms a stable
lipid film because of its high content of long-chain fatty acids, all possess a well-defined mechanistic
basis and potential advantages for improving menopausal skin barrier function. Soy isoflavones
may regulate estrogen receptor beta (ERf)-related signaling, inhibit NF-xB activation, enhance
Nrf2 /antioxidant response element (ARE)-mediated antioxidant defense, and modulate collagen
and elastic-fiber metabolism. They may therefore complement natural oils through an integrated
strategy combining exogenous lipid supplementation with endogenous signaling regulation. This
review systematically summarizes the mechanisms by which natural oils and soy isoflavones sup-
port skin barrier care during menopause and provides a theoretical basis for the development of
combination formulations, the selection of functional ingredients, and the design of clinical end-
points in future studies.
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Table 1. Key components, mechanisms of action, corresponding sources, and potential effects on menopausal skin
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Figure 1. Schematic illustration of the mechanisms by which natural oils and soy isoflavones improve the skin barrier during
menopause based on their bioactive components. Under the background of menopausal hormone decline, oxidative stress, low-
grade inflammation, and lipid deficiency, LA, GLA/DGLA, ALA, phospholipids/cholesterol, phytosterols, carotenoids/vita-
min E, soy isoflavones, and progesterone-related components exert multi-target regulatory effects on TEWL, stratum corneum
lipid reconstruction, inflammatory factors, Nrf2, collagen degradation, and skin elasticity
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Figure 2. Multi-target mechanisms underlying the combined application of natural oils and soy isoflavones. The axis of exog-
enous lipid supplementation is primarily characterized by the occlusive, emollient, lipid-substrate, and delivery functions of
the oil phase. The axis of endogenous signaling regulation is mainly mediated by the effects of soy isoflavones on ERf, NF-
xB, Nrf2/ARE, and extracellular matrix metabolism. Egg yolk oil serves as a composite node rich in phospholipids, cholesterol,
and trace steroidal components, linking these two functional axes
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