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Abstract

There is a discrepancy in how phytoestrogens and soy products are viewed in science and medicine. Among edible plants, phytoestrogens
are most abundant in soy, and are structurally and functionally analogous to estrogens, with their biological action mediated by
estrogen receptors. Soy products are widely used in infant food and other foodstuffs; and, at the same time, phytoestrogens have
been applied for compensation of hormone deficiency in menopause. Furthermore, soy is applied as livestock fodder, and residual
phytoestrogens and their active metabolites can remain in meats. There are only few reports on modified gender-related behavior or
feminization in humans as a result of soy consumption. In animals, the intake of phytoestrogens was reported to impact fertility, sexual
development and behavior. Feminizing effects in humans can be subtle and identifiable only statistically in large populations, and may
be of particular significance for children and adolescents. This matter should be clarified by independent research, which may affect
the future of soy cultivation.
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There is abundant literature suggesting medical use for phytoestrogen-containing products. There is also published evidence
suggesting potentially negative consequences of phytoestrogens use for humans. Substantiation of both concepts appears
questionable. Meanwhile, soy products are used liberally in the food also for infants and children. The concept discussed here
is that it is not consistent to support soy use for estrogenic effects without concern for its impact on routine use as a foodstuft
and livestock fodder. It is important for thorough independent studies to be done to answer these questions. Phytoestrogens are
substances of plant origin that are structurally and functionally similar to estrogens. Among them, isoflavones and coumestans
are the most extensively studied groups. Isoflavones are present in different edible plants, but are most abundant in soy [1-
3]. Consumption of soy products has been associated with favorable health effects, but potentially adverse effects are under-
acknowledged [4]. Phytoestrogens are advertised as a natural alternative to estrogens for hormone replacement therapy during
menopause [1]. Preclinical trials have demonstrated both genomic and non-genomic action of phytoestrogens including selective
but weak binding to the estrogen receptors [5]. Some epidemiological studies suggest that dietary intake of phytoestrogens may
contribute to the decreased incidence of postmenopausal cardiovascular disease [6] and that phytoestrogens are significantly
more effective than placebo in reducing the frequency of hot flashes [7]. Evidence in support of clinically relevant biological
effects has been generally rated as insufficient or absent [5,8-14]. A recent review concluded that in spite of increasing preclinical
and clinical studies over the past decade, “appealing evidence is still lacking to support the overall positive risk-benefit profile
of phytoestrogens” [15]. Then as now, the conventional menopausal hormone replacement therapy remains the only treatment
that has consistently had a greater effect than placebo in controlled trials [16]. As evaluation of earlier works on enrichment
the diet with soy products has failed to confirm favorable effects related to the cardiovascular system [17], doubts concerning
phytoestrogens have recently increased. There is little evidence to support the hypothesis that phytoestrogens protect against
menopausal osteoporosis, with published studies having no controls for confounding factors, the observations generally being
of short duration [18,19]. In regard to osteoporosis, the latest review concluded that “evidence points to a lack of a protective
role of soy isoflavones in the prevention of postmenopausal bone loss” [20], although in vitro and animal studies show some
positive effect of isoflavones on bone which has not been clearly confirmed by long-term human trials [21]. There might be genetic
differences in this regard, as equol producers seem to present a more positive response to isoflavone intervention [21]. The use of
phytoestrogens as an alternative for hormone replacement therapy is not advocated due to insufficient information on safety [22],
and reports of adverse effects and interactions with drugs [23]. Moreover, soy is known as allergenic food [2,24], and soybean-
based oil emulsions have been identified as one of the major causes of cholestasis related to pediatric parenteral nutrition [25].

Given that the biological action of estrogens is mediated by receptors, it should be questioned, why must the incidental plant
analogues be used for replacement therapy instead of the natural or synthetic hormones that are more complimentary to the
receptors? Furthermore, commercial preparations often contain a mixture of ingredients of unknown concentrations [26]. It
should also be remarked that mixed preparations containing both phytoestrogens and estrogens, if phytoestrogens indeed bind
selectively to the estrogen receptors [5], they might inhibit the action of the estrogens by competing with them for the binding
sites, which would possibly increase the required dose.
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Phytoestrogens are used to compensate for hormone deficiency in the menopause, but their hormonal potential does not prevent
the broad use of soy in infant food, other foodstuffs and pediatric parenteral nutrition [25]. Given the extensive use of soy for
animal fodder, residual phytoestrogens and their active metabolites, in the first place equol, produced by intestinal bacteria in
cattle and domestic fowl [27,28], can remain in meat and influence the hormonal balance of consumers. Apart from few reports
e.g. on the changes of the gender-related behavior in girls [29] or gynaecomastia in a man [30] after the intake of soy products,
no data on the modification of gender-related characteristics or feminization in humans in consequence of soy consumption have
been found, although phytoestrogens were reported to exert anti-androgenic effects in patients with castration-resistant prostate
cancer [31]. In animals, the intake of phytoestrogens was reported to impact fertility and the morphogenesis of ovaries, e.g. “clover
disease” in sheep [15,32], be associated with derangements of sexual development and behavior in male rats [33,34], mammary
gland hyperplasia in male rats [35] etc. Feminizing in humans can be subtle and identifiable only statistically in large populations.
It has been argued that phytoestrogens are selective receptor modulators thus acting differently from the natural estrogens, not
necessarily feminizing [36]. Yet the question remains whether such modulations are desirable for consumers of soy products,
including infants receiving soy nutrition. The words “modulation” and “regulation” are sometimes used to make impression that
botanicals have a priori beneficial effects, although this is often groundless. “Regulation” for the benefit of the human organism
presupposes consciousness and will. For example, when it is stated that “available knowledge suggests that phytoestrogens can
affect a number of physiological and pathological processes related to reproduction, bone remodeling, skin, cardiovascular,
nervous, immune systems and metabolism” [37] it is still not a matter-of-course that “due to these effects, phytoestrogens and
phytoestrogen-containing diet can be useful for the prevention and treatment of menopausal symptoms, skin aging, osteoporosis,
cancer, cardiovascular, neurodegenerative, immune and metabolic diseases” [37]. Clinically relevant effects should be proven
according to the principles of evidence-based medicine. The supposition that botanicals are “natural” for the human organism can
be misleading - it is well known that many substances of plant origin are toxic. The marketing of botanicals with unproven effects
in the guise of evidence-based medications has been commented upon previously [38]. In this context, it is sometimes difficult to
distinguish between reliable and unreliable publications.

For example, a supposed anti-atherogenic effect of phytoestrogens-containing preparations of plant origin was reported on the
basis of experiments with cell cultures, where the ability of serum to induce the accumulation of lipids in cultured macrophages
or smooth muscle cells was interpreted as an indicator of serum atherogenicity [39-41]. Anti-atherogenic actions of different
drugs and substances of plant origin were measured in the cell cultures [42-45]: if an agent induced lipid accumulation by the
cultured cells it was deemed atherogenic and vice versa. As discussed previously however [38], if a pharmacological agent lowers
the uptake of lipids by cells in a culture, it should be expected to increase the blood cholesterol level in vivo. So, in familial
hypercholesterolemia, a genetic abnormality of lipoprotein receptors impeding cholesterol uptake by cells from blood results
in accelerated atherosclerosis [46,47]. Blood levels of the most abundant cholesterol-carrying lipoproteins i.e. the low density
lipoproteins (LDL) largely depend on the LDL-receptors. Under the usual circumstances of tissue culture, most cells rely on
LDL receptors as a source of cholesterol [48]. Lipoprotein receptors both of classical and scavenger types have been found on
the macrophages and smooth muscle cells [49-52]. It appears probable that the role of the scavenger receptors in the uptake
from blood of modified (oxidized) LDL is analogous to that of the classical receptors with regard to the native LDL at least
under certain pathological conditions. So, the basal expression of the scavenger receptors LOX-1 is relatively low; but it can be
induced by pro-inflammatory cytokines and other pathological stimuli relevant to atherosclerosis, including the oxidized LDL
[52,53]. Considering the above, it can be reasonably assumed that if a pharmacological agent impedes cholesterol uptake by cells
in a culture, inhibiting the receptor-mediated mechanisms or otherwise, it should be awaited to elevate the blood cholesterol
level in vivo. Moreover, the endothelial dysfunction, one of the central events in the atherogenesis, is not reproduced in the cell
monocultures. Nonetheless the cell cultures have been used in Russia since about 25 years [42,43,45,54] for testing of supposedly
anti-atherogenic drugs and dietary supplements including phytoestrogens in support for their official registration.

Conclusion

There is a discrepancy in how phytoestrogens and soy products are viewed in science and medicine. Phytoestrogens are present in
different edible plants, though are most abundant in soy. They are used to compensate for estrogen deficiency in menopause, but
the estrogenic potential does not prevent their extensive use in infant food, other foodstufts and pediatric parenteral nutrition.
Feminizing effect of phytoestrogens and soy products may be subtle, detectable only statistically in large populations, and may be
of particular importance for children and adolescents. This matter should be clarified by independent research, despite its potential
implications for future soy cultivation. In view of the title of this paper, the following concerns should be stressed in conclusion:
(1) the concern for soy use in children and adolescents, given possible estrogenic effects; (2) the concern for phytoestrogens and
soy use as ingredients of drugs and dietary supplements for its estrogenic action whereas the literature does not confirm consistent
therapeutic effects; (3) the concern to acknowledge that both effect and assumption of no effect cannot be ignored without more
profound independent investigation when there is an effect and when there is not.
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