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ABSTRACT

Phytoestrogens represent a family of plant compounds that have
been shown to have both estrogenic and antiestrogenic properties. A
variety of these plant compounds and their mammalian metabolic
products have been identified in various human body fluids and fall
under two main categories: isoflavones and lignans. A wide range of
commonly consumed foods contain appreciable amounts of these dif-
ferent phytoestrogens. For example, soy and flax products are par-
ticularly good sources of isoflavones and lignans, respectively. Accu-
mulating evidence from molecular and cellular biology experiments,
animal studies, and, to a limited extent, human clinical trials suggests

that phytoestrogens may potentially confer health benefits related to
cardiovascular diseases, cancer, osteoporosis, and menopausal symp-
toms. These potential health benefits are consistent with the epide-
miological evidence that rates of heart disease, various cancers, os-
teoporotic fractures, and menopausal symptoms are more favorable
among populations that consume plant-based diets, particularly
among cultures with diets that are traditionally high in soy products.
The evidence reviewed here will facilitate the identification of what
is known in this area, the gaps that exist, and the future research that
holds the most potential and promise. (J Clin Endocrinol Metab 83:
2223-2235, 1998)

HE INTAKE of diets low in fat and high in complex
carbohydrates from grains, fruits, and vegetables is
associated with a lower risk of chronic diseases (1). Although
this has been suggested to be due to the adverse effect of fat
and the potential health benefits of dietary fiber, other con-
stituents associated with high fiber foods may also be re-
sponsible in part for the health benefit of such diets. This
review discusses the potential role of phytoestrogens, a di-
etary component found in some 300 plants, in the reduction
of chronic diseases, including coronary heart disease, ath-
erosclerosis, hypercholesterolemia, cancer, and osteoporosis,
as well as the reduction of menopausal symptoms.
Phytoestrogens have been identified in bile, urine, semen,
blood, and feces in man and animals. Phytoestrogens have
2-phenylnaphthalene-type chemical structures similar to
those of estrogens and have been found to bind to estrogen
receptors (2). The rapidly growing body of literature in this
area indicates that these plant-derived estrogens may exert
both estrogenic and antiestrogenic effects on metabolism,
depending on several factors, including their concentration,
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the concentrations of endogenous estrogens, and individual
characteristics, such as gender and menopausal status (3, 4).
Phytoestrogens exhibit weak estrogenic activity on the order
of 107>-10 "7 that of 17B-estradiol (2, 5, 6), but may be present
in the body in concentrations 100-fold higher than endoge-
nous estrogens (7-9). The antiestrogenic activity of phy-
toestrogens may be partially explained by their competition
with endogenous 17B-estradiol for estrogen receptors. This
partial estrogenic/antiestrogenic behavior is a common fea-
ture of many weak estrogens (10, 11).

Many of the potential health benefits of phytoestrogens
may be attributable to metabolic properties that do not in-
volve estrogen receptors, such as their influence on enzymes,
protein synthesis, cell proliferation, angiogenesis, calcium
transport, Na* /K" adenosine triphosphatase, growth factor
action, vascular smooth muscle cells, lipid oxidation, and cell
differentiation (3, 4). In view of the current epidemiological,
clinical trial, and mechanistic data in this area, phytoestro-
gens have been generally accepted to have a beneficial, rather
than a deleterious, effect in humans. However, at this time
it would be premature to recommend specific amounts of
dietary phytoestrogen to prevent specific chronic diseases.
This review will attempt to illustrate the broad range of
actions of these estrogen-like molecules that occur in com-
monly consumed plant-based foods and to suggest future
research directions in this area.

Isoflavones and lignans

The majority of phytoestrogens found in typical human
diets can be categorized into two primary classes: isoflavones
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and lignans. Phytoestrogens in the diet may have a role in
modulating hormone-related diseases based on their struc-
tural similarity to the estrogens 17B-estradiol and diethyl-
stilbesterol. In Fig. 1, note the similar distance between the
two -OH groups on equol, enterolactone, and enterodiol and
that of 17B-estradiol, which is a factor essential for strong
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binding to the estrogen receptor. The structure of phytoestro-
gens is also similar to the weak estrogen/antiestrogen ta-
moxifen, which is used for the treatment and prevention of
breast cancer. Also, structurally, the presence and position of
the -OH groups on the phytoestrogen compounds, estradiol
and diethylstilbestrol, are considered one of the prerequisites
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FiG. 1. A comparison of the chemical structures of 1) isoflavones: a) formononetin, b) daidzein, c) genistein, and d) equol¥; 2) lignans: a)
secoisolariciresinol diglucoside, b) enterodiol*, and c) enterolactone*; 3) endogenous estrogen: a) 17B-estradiol; 4) synthetic molecules: a) the
potent synthetic estrogen diethylstilbesterol, b) the potent synthetic antiestrogen tamoxifen, and c) the potent isoflavone derivative ipriflavone.
(*, These are the mammalian phytoestrogens found in tissues and biological fluids that are derived from plant phytoestrogens.)
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for estrogenic activity (12). The antioxidant potencies of
isoflavones are structurally related and closely associated
with the presence of hydroxyl groups at positions 4" and 5’
and the position of the aromatic ring. The estrogen receptor
is capable of binding several structurally diverse compounds
that include the natural estrogens and isoflavones, such as
genistein (2, 13, 14).

Isoflavones make up the most common form of phy-
toestrogens. They have a common diphenolic structure that
resembles the structure of the potent synthetic estrogens
diethylstilbesterol and hexestrol. Two of the major isofla-
vones found in humans are genistein and daidzein. Genistein
and daidzein are parent compounds, which are metabolized
from their plant precursors, biochanin A and formononetin,
respectively. In plants, isoflavones are inactive when present
in the bound form as glycosides, but when the sugar residue
is removed, these compounds become activated. These plant
compounds undergo fermentation by intestinal microflora,
with both metabolites and unfermented parent (aglycone)
compounds being liable to absorption. In the body, the par-
ent compounds are reconjugated to glucuronides, but oth-
erwise do not undergo any further metabolism in the body
and are excreted in the urine (15). In the colonic microflora,
daidzein may be metabolized to equol or to O-demethyl-
angolensin (O-Dma) and genistein may be metabolized to
p-ethyl phenol. Daidzein, genistein, equol, and O-Dma are

TABLE 1. Food sources of isoflavones (micrograms per g)
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the major phytoestrogens detected in the blood and urine of
humans and animals.

Isoflavones are found in a variety of plants, including
fruits and vegetables, but they are predominantly found in
leguminous plants and are especially abundant in soy (Table
1). Reinli and Block have recently compiled reference data on
the levels of isoflavones found in a variety of food items (16).
The isoflavone contents of different varieties, crops, and har-
vest years of soybeans vary substantially (17). In addition, the
contents of isoflavones in different soy products (e.g. tofu
and soy protein concentrates) vary substantially, which can
be attributed to various processing steps. For example, pro-
cessed soy products, such as soy hot dogs and tofu yogurt,
may contain only 1/10th the isoflavone content of whole soy
beans (0.2-0.3 vs. 2-4 mg isoflavone/g) (17, 18). Yet, even
these processed soy products contain larger amounts of
isoflavones than do most other legumes or nonleguminous
plant foods, such as the 0.002 mg isoflavone/g raw green
beans (19).

Once ingested, several factors influence the bioavailability
of isoflavones. For example, Hutchins et al. (21) assessed
urinary isoflavone recovery in postmenopausal women con-
suming either tempeh, a fermented soybean product, or a
comparable quantity of soybean pieces from an unfermented
soybean product. Urinary isoflavone recovery was greater
for the tempeh. The presence of fiber in the diet has been

Food/food group Total isoflavones Daidzein Genistein Glycetin
Modified from Wang and Murphy, 1994 (17, 18)*
Soybean 1 1,176 365 640 171
Soybean 2 4215 1,355 2,676 184
Roasted soybeans 2,661 941 1,426 294
Soy flour 2,014 412 1,453 149
Soy granule 2,404 917 1,225 262
Textured vegetable protein 1 2,295 799 1,175 321
Textured vegetable protein 2 2,261 831 1,185 245
Protein isolate 1 621 89 373 159
Protein isolate 2 987 191 640 156
Protein concentrate (alcohol extraction) 73 0 19 54
Tofu 532 238 245 49
Tempeh 865 405 422 38
Miso 1 647 272 281 94
Miso 2 389 107 227 55
Soy hot dog 236 55 129 52
Soy bacon 144 26 83 35
Tempeh burger 386 95 255 36
Tofu yogurt 282 103 162 17
Soy parmesan 88 26 6 56
Cheddar cheese 1 43 0 4 39
Cheddar cheese 2 197 83 62 52
Mozarella cheese 123 24 56 43
Flat noodle 127 15 56 56
Modified from Dwyer et al., 1994 (20)°

Tofu, brand 1 289 76 213

Tofu, brand 2 260 73 187

Tofu, brand 3 313 97 216

Tofu, brand 4 292 86 206

Soy drink 28 7 21

Soy-based specialty formula 1 3 0 3

Soy-based specialty formula 2 5 1 4

¢ Glucoside, malonyl, acetyl, and aglycone forms of isoflavones combined.
b Values shown are averages of two lots, one purchased in June and the other in December of 1992. Biochanin A, coumestrol, and formononetin

were assayed, but found in only negligible amounts.
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shown to correlate positively with urinary excretion of phy-
toestrogens (22). Several investigators have reported that
individual variability in colonic microflora plays an impor-
tantrole in determining the preferred pathways of isoflavone
metabolism and the bioavailability of isoflavones. For ex-
ample, equol is notably present in the blood and urine in
some individuals and is absent in others (21, 23, 24). Lu et al.
provided 12 oz. soymilk with each meal for 1 month to
healthy women (25) and men (26) and reported that the
urinary recovery of ingested isoflavones ranged, on the av-
erage, from 15-66% for the individual isoflavones. Over the
1-month study period, the percentage of urinary recovery
decreased by approximately one third among the women,
but remained stable among the men. Related findings from
another study of urinary recovery indicated that, on the
average, 10-37% of daidzein and genistein from a single
day’s intake of soy milk was recovered in 48-h urine collec-
tions (23). A notable distinction in this latter study was that
for five of the seven healthy women participants who had
less than 1% fecal recovery of isoflavones, the amount of
urinary recovery was 10-16%. For the remaining two women
with relatively greater fecal recovery of at least 5%, the
amount of urinary recovery was not inversely associated but,
rather, was directly associated with a urinary recovery of
27-32%, suggesting that both absorption and intestinal deg-
radation are important factors in determining bioavailability.
These data support the observation that there is substantial
individual variability in isoflavone metabolism. Among
these and other studies, it has been consistently observed that
virtually all of the urinary recovery of genistein and daid-
zein, from a single time point of intake, is complete within
24 h, although Kelly et al. (27) reported that postchallenge
urinary recovery of equol and O-Dma continued to be sub-
stantial for at least 3 days.

Lignans are compounds possessing a 2,3-dibenzylbutane
structure and exist as minor constituents of many plants,
where they form the building blocks for the formation of
lignin (as distinguished from lignan) found in the plant cell
wall. They are constituents of higher plants (gymnosperms
and angiosperms), such as whole grains, legumes, vegeta-
bles, and seeds, with exceptionally high concentrations of
lignans found in flaxseed (Table 2). Although previously
thought to be present only in higher plants, mammalian
lignans have been detected in the biological fluids of man and
animals.

As with the isoflavones, the chemical structure of plant
lignans differs somewhat from that of mammalian lignans
(Fig. 1). Most of the structural changes occur in the colon,
liver, and small intestine during enterohepatic circulation.
Mammalian lignans differ in structure from plant lignans in
that they have phenolic hydroxyl groups in the meta position
only in their aromatic rings. Once in the colon, they are
absorbed and then are conjugated with glucuronic acid or
sulfate in the liver, reexcreted through the bile duct, decon-
jugated by the bacteria, and reabsorbed. Some reach the
kidney and are excreted in the urine (21). Lignans are ex-
creted in bile and urine as conjugated glucuronides and in
feces in the unconjugated form. Originally, mammalian lig-
nans were observed in urinary steroid profiles and thought
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TABLE 2. Food sources of lignans (micrograms per g)
Food/food group Total lignans Enterodiol Enterolactone
Modified from Thompson et al., 1991 (28)
Flaxseed meal 675.4 85.2 590.2
Flaxseed flour 526.8 118.2 408.6
Cereals
Triticale 9.2 5.2 4.0
Wheat 4.9 4.1 0.8
Oats 3.4 2.5 0.9
Brown rice 3.0 1.7 1.3
Corn 2.3 2.0 0.3
Rye 1.6 0.7 0.9
Barley 1.1 0.4 0.7
Cereal brans
Oat bran 6.5 2.6 3.9
Wheat bran 5.7 2.7 3.0
Rice bran 1.8 1.3 0.5
Oilseeds
Soybean 8.6 6.9 1.7
Sunflower seeds 4.0 2.0 2.0
Peanuts 1.6 1.0 0.6
Legumes, dried whole
Lentil 17.9 7.9 10.0
Kidney 5.6 3.3 2.3
Navy bean 4.6 3.5 1.1
Pinto bean 2.0 1.5 0.5
Vegetables
Garlic 4.1 0.8 3.3
Asparagus 3.7 14 2.4
Carrot 3.5 2.8 0.6
Sweet potato 3.0 2.4 0.6
Broccoli 2.3 1.6 0.7
Mushroom 0.6 0.4 0.1
Celery 0.3 0.2 0.1
Cucumber 0.3 0.2 0.1
Tomato 0.2 0.1 0.1
Fruits
Pear 1.8 1.1 0.7
Plum 1.5 0.5 1.0
Strawberry 0.8 0.4 0.4
Banana 0.7 0.6 0.1
Orange 0.4 0.3 0.1
Canteloupe 0.4 0.2 0.2
Apple 0.3 0.3 0.0

Values are expressed as mammalian lignan production by fecal
flora (micrograms) from foods (per g).

to be new endogenous hormones. The first mammalian uri-
nary lignan identified was given the trivial name enterolac-
tone, and a second mammalian lignan is referred to as en-
terodiol. Enterolactone and enterodiol are metabolites of the
plant lignans matieresinol and secoisolariciresinol, respec-
tively. The higher the dietary intake of precursors, the higher
the mammalian lignan production in the colon and the
higher the excretion rate in the urine. Few data have been
published on lignans from dietary sources that are metab-
olized to mammalian lignans, but clinical trials performed by
Kirkman et al. (29) demonstrated that the excretion of the
lignans, enterodiol and enterolactone, was higher during a
carotenoid (carrot and spinach) and cruciferous (broccoli and
cauliflower) vegetable diet, than during a vegetable-free diet,
suggesting that these vegetables may provide a source of
mammalian lignan precursors. In this study, men excreted
more enterolactone and less enterodiol than women, imply-
ing a gender difference in colonic bacterial metabolism of
lignans.
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