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INTRODUCTION

The phytoestrogen genistein aglycone (GA) is one of the most

researched phytoestrogens. Phytoestrogens like GA behave similarly to

selective estrogen receptor modulators (SERMs)." SERMs are
medications that act on estrogen receptors that selectively inhibit or
stimulate different tissues. Hormone replacement therapy (HRT) non-

selectively activates estrogen receptors. SERMs, bisphosphonates, and

HRT increase bone mineral density (BMD).2 HRTs or SERMs with
bisphosphonates work together and increase BMD more than either
alone.3 HRTs increase risk of cancer and cardiovascular events.
Traditional SERMs increase the risk for cardiovascular events.* GA
could be used as an alternative monotherapy in peri- and
postmenopausal women who cannot tolerate the side-effects of
bisphosphonates or in a potential combination therapy with a

bisphosphonate. Having an effective, safer alternative to traditional HRT
and current SERMs would provide peri- and postmenopausal women a

SERM-like estrogen substitute to prevent and treat osteoporosis.
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Figure 1. Chemical structure of (A) genistein and (B) estradiol.

Methods

Google Scholar, Semantic Scholar, and Pubmed were used as
databases for searching articles. The phrases “Genistein
aglycone” AND “Osteoporosis”, “Hormone replacement therapy”,
“Genistein aglycone” AND “Postmenopausal”, “Genistein
aglycone” AND “Perimenopause”, “Genistein aglycone” AND
“Cancer’, “Genistein aglycone” AND “Cardiovascular disease”,
“Genistein aglycone” AND “thyroid”, “Genistein aglycone” AND
“Pharmacokinetics”. Inclusion criteria were papers written in
English and focusing on humans was preferred over animal
research. Exclusion criteria included studies focused exclusively
on males, whole soy products, other phytoestrogens, and conflicts

of interest.
Mechanism of Action

Genistein aglycone stops bone destruction and also increases
new bone formation. Genistein aglycone increases
osteoprotegerin (OPG), which is produced by osteoblasts and
binds to receptor activator of NF-kB ligand (RANKL).This
downregulates the action of osteoclasts. GA also increases the
presence of ALP, indicating the upregulation of osteoblastic activity
and differentiation.>°

Genistein has a higher affinity for ER-3 than ER-a. Mature
osteoblasts can express both, but ER-3 is more widespread.
Mature osteoclasts express only ER-B.” Breast, endometrium, and
ovarian stroma express ER-a at a much higher rate than ER-[3,
allowing for targeted activation of ER for bone remineralization
with minimal activation of ER at the breast and reproductive
organs.8
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Results

Pharmacokinetics: The pharmacokinetics of GA are nonlinear at high
doses; doubling of the dose orally does not result in a doubling of serum
concentration of GA. Maximum serum concentration of total GA
regardless of dose occurs at an average of 5 hours for men and
women.?: 10

Oral administration of GA is viable due to the high absorption rate in the
Intestines. However, the liver also rapidly sequesters and metabolizes
the GA. The slow release of GA from the liver combined with the
nonlinear pharmacokinetics of saturable absorption in the intestines
suggests taking multiple smaller doses daily rather than one large or
moderately sized dose for maximum steady state concentration.

The pharmacokinetics of GA in men and women are nearly identical.
However, male and female rats vary considerably in metabolism to each
other and to humans. Male and female mice are similar to each other in
regards to the pharmacokinetics of metabolism of GA, however their rate
of metabolism is slower than humans.’ This means that rats and mice
are not good models for testing the effects of GA.
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Figure 2. Mean (SD) plasma concentration-time curves of (A) genistein and (B)
glucuronidated genistein in healthy Chinese subjects after a single oral dose of
genistein (50-mg group, n = 10; 100-mg group, n = 7; 300-mg group, n = 8).
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Effectiveness in increasing and preserving BMD: Aglycones are
more readily absorbed in the intestines than glycosides, but glycosides
are more common in soy than the aglycone form.® The meta analysis by
Lambert et al.’3 discusses how many commercially available isoflavone
supplements do not contain their stated concentrations, and many of the
studies evaluating their effectiveness did not independently verify their
purity. Studies investigating isoflavone supplementation in regards to
their effect on BMD with verification of purity showed moderate
effectiveness on BMD."3

Marini et al. '* and Morabito et al.’™ were included as quality studies in
the Lambert et al.'3 meta analysis due to verifying their purity. Below are
graphs representing their effects on peri- and postmenopausal women. A
post hoc study graph® of Marini et al.'# is also included.
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These results demonstrate that GA can not only halt osteoporosis and
osteopenia, but reverse them. The increase in BMD was greater in the

osteoporotic women, possibly due to a greater loss of estrogen leading
to greater BMD loss. Genistein was also competitive with HRT in overall

BMD increase.

FEMORAL NECK BMD

14

‘0 Placebo |
IGenistein‘
o HRT

O Placebo
Genistein

OHRT

%change from basal
~nN

%change from basal
w N — o — N w 4 [,

16
, O

Mean BMD Femoral neck (SD), g/cm
|
|
) ’. } l
|
|

Osteoporotic patients Osteopenic Patients

=

Safety:

Endometrial thickness (mm)

Results Cont.

Breast Cancer: Breast cancer (BC) proliferates with the presence
of estrogen. ER-a upregulates the gene expression that
proliferates BC cells. ER-f3 upregulates gene expression that limits
the proliferation of BC cells. ER-[3 is usually missing or severely
reduced on the surface of BC cells. Low concentrations of GA in
vitro when ER-[3 is present down regulate the proliferation of BC
cells.’” GA used at therapeutic levels for treatment of osteoporosis
will not lead to proliferation of BC cells.

Ovarian Cancer: GA down regulates miR-27a, which is a gene
Involved in regulating some cancers. This helps prevent the
growth and spread of ovarian cancer. The cell signaling molecule
vascular endothelial growth factor and its receptor are down
regulated, inhibiting angiogenesis. At high levels, GA causes
apoptosis among ovarian cancer cells. At low levels, GA displays
anti-oxidant properties without causing apoptosis.’” This generally
indicates that genistein is safe for use in women with intact
ovaries.

Uterine Cancer: Postmenopausal women experienced no
appreciable change in uterine thickness.'®: GA used at therapeutic
levels for treatment of osteoporosis will not lead to endometrial
hyperplasia or endometrial cancer in women with a uterus.

Cardiovascular disease: GA raised HDL levels significantly.
However, LDL, triglycerides, and cholesterol were not lowered in a
statistically significant way when compared to the placebo in the
general population of postmenopausal women. Homocysteine
levels were also reduced in postmenopausal women taking GA
compared to the placebo.’® These findings indicate that GA will
not increase the risk of CVD in postmenopausal women.

Thyroid Health: GA has goitrogenic qualities and can negatively
affect thyroid hormone levels in vitro. However, postmenopausal
women receiving therapeutic levels of GA had no change in
thyroid hormones. Isoflavones consumed at dietary levels in
individuals with adequate iodine levels will not lead to thyroid
dysfunction.20
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DISCUSSION

GA has potential for treatment and prevention of osteoporosis in
peri- and postmenopausal women. Much of the research that exists
uses various animal models, has not verified the purity of the GA
supplements, and has small sample sizes. These factors are also
present in the studies evaluating safety. Excessively high dosing, not
following the group long enough for proper evaluation, or not
investigating the effects of GA in survivors of certain cancers creates
opportunities for research.

Research that administered doses within the biphasic model of GA
and followed groups for an extended period of time demonstrate a
good overall safety profile. Further studies investigating the
effectiveness and safety of GA in the treatment and prevention of
osteoporosis in peri- and postmenopausal women at this time need
to focus on the parameters mentioned here. Administering
bisphosphonates with GA could help improve bone strength and
increase BMD more than either agent alone. GA could be used as an
alternative monotherapy for those who cannot tolerate more
traditional medications.

CONCLUSIONS

Genistein aglycone is promising in the future treatment and prevention of osteoporosis
In peri- and postmenopausal women in combination with bisphosphonates or as an
alternative monotherapy. GA demonstrates effectiveness in increasing BMD in high
quality studies using GA with independent verification of purity. The safety profile of GA
as a hormonal treatment with the current data is better than standard HRT or SERMS
while having SERM-like qualities for increasing BMD. More, higher quality research is
needed at this time before a clinical recommendation can be made. However, the
available data suggests successful future clinical use of GA pending further research.
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