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1. Introduction
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An FDA-regulated, prescription medical food (Fosteum; 27 mg natural genistein, 200 IU cholecalciferol, 20 mg citrated zinc
bisglycinate (4 mg elemental zinc) per capsule) and an over-the-counter (OTC) supplement (Citracal Plus Bone Density Builder;
27 mg synthetic genistein, 600 mg elemental calcium (calcium citrate), 400 IU vitamin D5, 50 mg magnesium, 7.5 mg zinc, 1 mg
copper, 75 pug molybdenum, 250 pg boron per two tablets) were compared to a clinically proven bone formulation (27 mg natural
genistein, 400 IU cholecalciferol, 500 mg elemental calcium (calcium carbonate) per tablet; the Squadrito formulation) in an 8-day
steady-state pharmacokinetic (PK) study of healthy postmenopausal women (n = 30) randomized to receive 54 mg of genistein per
day. Trough serum samples were obtained before the final dose on the morning of the ninth day followed by sampling at 1, 2, 4, 6, 8,
10, 12, 24, 36, 48, 72, and 96 hrs. Total serum genistein, after 3-glucuronidase/sulfatase digestion, was measured by time-resolved
fluorometric assay. Maximal time (T',,,), concentration (C,,,,), half-life (T', ,), and area under the curve (AUC) were determined
for genistein in each formulation. Fosteum and the Squadrito study formulation were equivalent for genistein T, (2hrs), C, .,
(0.7 uM), T, (18£6.9 versus 21£4.9 hrs), and AUC (9221 £413 versus 9818 +1370 ng-hr/mL). The OTC supplement’s synthetically
derived genistein, however, showed altered T',, (6hrs), C,, (0.57 uM), T\, (8.3 £ 1.9 hrs), and AUC (6474 + 287 ng-hr/mL).
Differences in uptake may be due to multiple ingredients in the OTC supplement which interfere with genistein absorption.

loss as well as fracture rate. A large prospective study of 24,403
Chinese postmenopausal women, for example, demonstrated

Asian populations consume ~25-50 mg of isoflavones daily
with 10% consuming more than 100 mg per day [1]. Amer-
icans, on the contrary, consume ~0.15-3 mg per day [2, 3].
Much of the isoflavone consumed by Asian populations is in
the form of aglycone from fermented soy product rather than
glycoside forms consumed in mostly processed food in the
USA. Many epidemiological studies of Asian women support
an inverse relationship between isoflavone intake and bone

that >21 mg daily soy isoflavone consumption dramatically
reduced subsequent fracture incidence over a 4.5-year period
[4]. Most clinical trials, especially in the USA, are performed
on extracted glucoside isoflavones from soy rather than
aglycones forms which are found in fermented foods such as
tofu, miso, and natto in the Asian diet. Recent clinical trials
of 120 mg/day mixed glycoside isoflavones given to healthy
postmenopausal women for 2 and 3yrs, however, showed
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FIGURE 1: Genistein aglycone.

only modest effects on bone metabolism [5-7]. In a well-
controlled dietary trial, natto, a fermented soy product con-
taining 35 mg aglycone isoflavones enriched with 3.6 mg zinc
given twice daily, showed statistically significant increases
bone formation and decreases bone resorption markers over
natto alone [8]. To date, only genistein (aglycone), as a single
entity, has been tested in well-controlled clinical trials for its
effectiveness on building bone (Figure 1) though studies have
begun on S-equol, the intestinal bacterial conversion product
of daidzein, for its effect on bone makers [9].

In a 12-month randomized, placebo-controlled clinical
trial (n = 90), 54 mg of genistein administered daily showed
equivalent increases in femoral neck and lumbar spine bone
mineral density (BMD) (+3%) compared to the group given
1 mg of 17f3-estradiol/0.5 mg noresthisterone acetate per day
while the placebo group BMD declined [10]. All groups also
received calcium carbonate (1000 mg) and cholecalciferol
(8001U) per day. This pilot study result was replicated in
a larger (n = 389), long-term (24 months) study using
the same amount of genistein compared to placebo [10]. A
subcohort (n = 138) of this initial study extended to 36
months showed a similar rate of BMD increase (~3%/yr to
~9% over 3 yrs) at femoral neck and lumbar spine while the
placebo BMD decreased by ~10-11% at the femoral neck
and lumbar spine. [11]. Markers of bone formation increased
substantially while markers of bone resorption decreased
significantly for the genistein groups in these studies [10-
13]. Bone quality assessed by quantitative ultrasound from
the subcohort had statistically increased speed of sound,
bone transmission time, and stiffness indices versus placebo
[14]. In addition, a bone structural study in ovariectomized
rats with established osteoporosis in which genistein was
compared to alendronate, raloxifene, estradiol, and placebo
showed superiority of genistein for all bone formation
indices, fracture resistance, and histology (both trabecular
and cortical bone) compared to all other therapies [15].
These results have spawned the development of products
for bone loss containing pure genistein but no comparative
studies have been performed between these new commercial
products.

Bioavailability comparisons can predict whether certain
active ingredients in product formulations will show the
same effect in clinical trials. It has been established that
glycoside isoflavones are poorly absorbed in the intestine
and that hydrolysis of the glycosidic bond by f-glucosidases
activates the aglycone for rapid absorption across the intesti-
nal wall [16-18]. Most isoflavone bioavailability studies are
performed in a food matrix using fermented or nonfermented
products. Pure genistein and its glucoside, genistin, have
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been compared for uptake and the appearance in plasma
as well as excretion of phase II metabolites in urine of
healthy young women after multiple doses [19]. This study
showed that there were differences in total genistein C,,, and
AUC as well as several genistein metabolites. The addition
of purified components in combination with genistein or
genistin is not well studied. One recent study showed that
the continuous administration of fructooligosaccharide, a
prebiotic, dramatically changed genistein and daidzein C,,,
and AUC obtained from a soy powder containing primarily
genistin and daidzin [20]. With these data in mind, it is
important to perform bioavailability comparisons for formu-
lations containing purified active ingredients and excipients
which surround isoflavones before testing them clinically.

The FDA-regulated, prescription medical food [21], Fos-
teum, for the clinical dietary management of osteopenia and
osteoporosis under physician supervision was formulated in
collaboration with Squadrito and coworkers as previously
described [11, 12]. The OTC bone supplement, Citracal Plus
Bone Density Builder, is based on a bone support formula
already on the market (Citracal) and uses literature support to
justify the addition of genistein [11, 12]. Since the Squadrito
formulation is the only mixture which contains genistein
that has been clinically proven to build bone, the first step
in determining whether Fosteum and/or Citracal Plus Bone
Density Builder are bioequivalent is to test the bioavailability
of genistein. Therefore, the steady-state pharmacokinetics of
54 mg of genistein per day was compared for the Squadrito
formulation to that of the Fosteum and Citracal Plus Bone
Density Builder.

2. Materials and Methods

2.1. Materials. The genistein in the prescription medical
food (27 mg natural genistein, 200 IU cholecalciferol, 20 mg
citrated zinc bisglycinate (4 mg elemental zinc) per capsule)
(Fosteum, Primus Pharmaceuticals, Inc.) and the Squadrito
study formulation (27 mg natural genistein, 400IU chole-
calciferol, 500 mg calcium (carbonate salt) per tablet) are
obtained from natural sources, whereas in OTC supplement
(13.5 mg synthetic genistein, 300 mg calcium (as citrate and
carbonate salts), 200 IU vitamin D;, 25 mg magnesium (as
stearate, oxide, and silicate salts) 3.75mg zinc (oxide salt),
0.5 mg copper (gluconate salt), 1 mg manganese (gluconate
salt), 37.5pug molybdenum (amino acid chelate), 125 ug
sodium borate per tablet) (Citracal Plus Bone Density
Builder, Bayer HealthCare LLC) genistein is synthetically
produced. All mineral levels are expressed in elemental mass
units. All three products purport genistein purity of ~99%.
The compositions and daily dosages of each formulation
tested in the PK study are shown in Table 1.

2.2. Analysis of Genistein Content and Purity in Study Prod-
ucts. In order to compare the purity of genistein and minor
isoflavones in each product, HPLC analysis was performed
[22]. Briefly, samples were pulverized and then vortexed
for 1min in 2.5mL of 1:1:1, hexane to methyl tert-butyl
ether to methylene chloride extraction solvent. The samples
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TaBLE 1: Composition of three formulations for bone, a medical
food indicated for osteopenia/osteoporosis, the Squadrito study
formulation, and the OTC bone supplement. All minerals are given
as elemental mass.

Constituent Medical Squadrito study OTC bone

food formulation  supplement
Dosage form Capsule Tablet Tablet
Daily dose 2 2 4
Genistein aglycone 54 mg 54 mg 54mg
Vitamin D, 400IU 8001IU 8001U
Calcium (elemental) 120 mg 1000 mg 1200 mg
Magnesium (elemental) 100 mg
Zinc (elemental) 8mg 15mg
Copper (elemental) 2mg
Manganese (elemental) 4mg
Molybdenum (elemental) 150 ug
Boron (elemental) 500 ug

IU: international units.
OTC: over-the-counter.

were then vortexed gently for 15 min followed by a 10 min
centrifugation at 3000 rpm to separate the aqueous and
organic layers. The aqueous layer of each sample was then
frozen at —80°C and the organic layer poured into a 10 mL
glass conical screw cap tube where the sample was dried with
nitrogen gas at 40°C.

The dried extracts, as well as separate controls (genistein,
daidzein, glycitein, and their glycosides), were reconstituted
with 0.2 mL of 1: 1, mobile phase buffer A (0.05% formic acid
and 5mM ammonium formate in distilled water) to mobile
phase buffer B (0.05% formic acid and 5mM ammonium
formate in an 80:10:10 ratio, acetonitrile to methanol to
distilled water). Samples were vigorously vortexed for 5 min
and then centrifuged for 2min at 1500 rpm to remove
any insoluble material. The supernatants were removed and
transferred to 0.25mL polypropylene injection vials with
caps for each chromatography run. Areas under curves were
compared to standards to obtain purities.

2.3. Subjects. After the Ethical Committee approved the
study, a total of 30 participants were recruited among those
reporting to the Center for Menopause in the Department
of Obstetrical and Gynaecological Sciences at the University
of Messina (Messina, Italy). All participants gave informed
consent. All women were 50-65yrs old, had been post-
menopausal for at least 12 months at baseline and were in
good general health. At the start of the study, a complete
medical and family history was obtained. Exclusion criteria
were the same of our previously published reports [12].

2.4. Diet. The intake of soy products, legumes, or other
nutrient supplements which could contain isoflavones was
prohibited for the 2 weeks before and during the study. The
isoflavone intake before randomization as assessed by a food-
frequency questionnaire was 1 to 2 mg/day. This intake has
been shown to be typical of Western populations.

2.5. Treatment Protocol. The PK study was carried out at
the laboratory of the Section of Pharmacology, Department
of Clinical and Experimental Medicine and Pharmacology,
University of Messina. Participants were randomly assigned
to receive one of the following products for orally 8 days: 1
capsule twice daily (BID) of the medical food (n = 10); 1
tablet BID of the Squadrito study formulation (n = 10); or 2
tablets BID of the OTC supplement (1 = 10). On the morning
of the ninth day, trough serum samples (basal, 0 hr) were
obtained following which subjects were given their final dose
of study product. Blood samples were then collected using an
intravenous cannula at 1, 2, 4, 6, 8, 10, 12, 24, 36, 48, 72, and
96 hrs after final dosing. All other forms of calcium or vitamin
D; were proscribed before and during the study.

The maximal plasma concentration (C,,,,, nmol/L) and
time to maximal plasma concentration (T, hr) were
obtained directly by the visual inspection of each subject’s
plasma concentration-time profile. The areas under the
plasma concentration-time curve (AUC, ng-hr/mL) as well as
half-life (T', /,, hrs) were determined for each formulation by
using the PK Solutions 2.0 software.

2.6. Plasma Genistein Levels. Total genistein levels were
measured in plasma samples by a time-resolved fluorometric
assay following the manufacturers instructions (TR-FIA
test; Labmaster, Turku, Finland). Briefly, 200 4L of 100 mM
acetate buffer (pH 5.0) containing 0.2 U/mL f-glucuronidase
and 2 U/mL sulfatase was added to 200 uL serum. Samples
were then incubated overnight at 37°C. After incubation, free
genistein was extracted twice with 1.5mL diethyl ether by
mixing for 3 min. The water phase is frozen in dry ice-ethanol
mixture, and the ether phase was transferred into a disposable
glass tube. After thawing, the water phase was reextracted
with ether, and the ether phases are combined and evaporated
to dryness at 45°C water bath. Then, 200 L assay buffer was
added to each sample. A 20 uL aliquot of this solution was
used for time-resolved fluoroimmunoassay. The fluorescent
signal was read using a Perkin-Elmer (Norwalk, CT) Victor
1420 multilabel counter.

2.7. Statistical Analysis. Total plasma genistein concentra-
tions were obtained at each time point in duplicate for
each subject and PK analyses were performed. The primary
variables of interest were C,,, (the maximum observed
concentration of total genistein), T, (the elapsed time
at which C,,, was observed), T/, (the elapsed time at
which genistein concentration was half of C,,), and the
imputed area under the curve (AUC) estimating the total
body exposure to genistein over time. Area under the curve
was computed by interpolating the concentrations of total
genistein in the intervals between recordings using trapezoid
calculations. Imputation was performed by using cubic spline
estimation. Each of these variables was computed for each
participant, and mean values and standard deviations were
computed for the sample. Any value exhibiting a > 3
standard deviations (n = 3) from the mean were removed
from each analysis. A student’s t-test was conducted for
each measure to see if the observed difference in means was



significant. Descriptive statistics were presented for each of
the primary outcome variables.

3. Results

3.1. Genistein Content and Purity in Study Products. The
genistein in both the prescription medical food and the
Squadrito study formulation are from natural sources,
whereas the genistein in the OTC supplement is produced
synthetically. The mineral content for all products was
confirmed by nutritional analysis (data not shown). HPLC
analysis shows that the genistein molecules extracted from
each formulation have equivalent purity with relative minor
impurities of other isoflavone(s) amounting to <1% (Figure
2). When the chromatograms are aligned and enlarged to
compare the very small differences in genistein content
between the two natural sources in the medical food (Figure
2(a)) and the Squadrito study formulation (Figure 2(b))
to that of the synthetic source in the supplement (Figure
2(c)), there are only small differences in the contaminating
isoflavones of all products. Fosteum is contaminated by a
small amount of glycitin, and daidzein, the Squadrito study
formulation contains daidzin and genistin and the Citracal
Plus Bone Builder supplement has a small amount of glycitin.
No appreciable difference is seen in genistein purity in any
of the three products with other aglycone impurities being
less than 1%. Since the genistein levels are equivalent in all
three products, a PK study of genistein should reveal any
differences in uptake or excretion based on the surrounding
vitamin, mineral, and excipient content in each formulation.
Thus a bioavailability analysis can determine if genistein is
bioequivalent in Fosteum and/or Citracal Plus Bone Density
Builder compared to the Squadrito formulation which has
been tested in clinical trials on bone.

3.2. Pharmacokinetic Comparison of Plasma Genistein in
Each Treatment Group. The PK profile for genistein obtained
during the first 24 hours after the last dose of each study
product standardized to 54 mg per day after 8 days intake is
shown in Figure 3. Genistein from the medical food and the
Squadrito study formulation were absorbed and excreted at
approximately equal rates with statistically significant higher
concentrations at 1, 2, 5, and 12 hrs. The genistein contained
in the supplement showed a much lower overall uptake by
comparison. The PK analysis reinforced in this plot showed
that the T, . of genistein for both the medical food and
the Squadrito study formulation occurred 4 hrs earlier than
that found in Citracal Plus Bone Density Builder supplement
and the genistein C,,,, was also ~23% higher at this point
(Table 2).

The medical food and the Squadrito study formula-
tion genistein peak serum concentrations are very similar
with only nonstatistical differences in concentration at each
time point over the course of the terminal half-lives for
the products. This would represent the normal PK profile
before a subsequent dose was consumed. The absorption
and depletion profiles of genistein from the medical food
and the Squadrito study formulation exactly overlapped
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FIGURE 2: High performance liquid chromatography (HPLC) com-
parison of genistein purity extracted from the medical food product
indicated for osteopenia/osteoporosis (a), the Squadrito study for-
mulation (b), and the OTC bone supplement (c).

during the initial phase lasting approximately 5hrs. When
compared to OTC supplement, the medical food had a
42% greater AUC while the Squadrito study formulation
had a 52% greater AUC for genistein over the entire 96 hr
time course suggesting dramatic differences in steady-state
genistein absorption. Even after the 1 and 2 hr time points,
the steady state amount of genistein found in the serum was
significantly lower from the supplement compared to the
medical food and the Squadrito study formulation suggesting
interfering ingredients within the supplement.

4. Discussion

Health benefits of isoflavones are directly related to their
bioavailability. Bioavailability is dependent upon an indi-
vidual’s state of health, intestinal bacterial flora, sex, age,
food matrix in which isoflavones are consumed, the mix of
isoflavones in products as well as host genetics [23]. The
results of this PK analysis of three different bone formulations
show genistein absorption is affected by specific ingredients
formulated with the isoflavone which could have clinical
implications on efficacy (Table 2; Figure 3). There are a
multitude of factors which could account for this difference.
Normally, genistein is freely absorbed from the intestine
and a large fraction is converted to 7-O-glucuronide as it
crosses the brush border and ultimately enters the portal vein
[24]. Intestinal bacteria are known to influence glucuronida-
tion and may also drive sulfonation [25, 26]. Only a small
percentage of the parent molecule remains as free genistein
once it reaches the liver. Once in the liver, genistein under-
goes additional biotransformation via CYP450-mediated
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TaBLE 2: The maximal plasma concentration (C,,,

), time to maximal plasma concentration (T

), areas under curve (AUC) and half-life

max

(T ,,) after steady administration of the medical food indicated for osteopenia/osteoporosis, the Squadrito study formulation, and the OTC

bone supplement.

Study parameters Medical food Squadrito study formulation OTC bone supplement
T pax (hrs) 2 2 6

Conax (ng/mL + StDev) 188.4+2.5 187.1+3.5 153.3+3.5

AUC (ng-hr/mL) 9221 £413 9818 £ 1370 6474 + 287

T, (hrs + StDev) 18.0+ 6.9 209 +4.9 83+1.9

200

Genistein (ng/mL)

0 5 10 15 20 25
Time (hrs)

—+— Medical food
-a- Squadrito study formulation
—— OTC bone supplement

FIGURE 3: The pharmacokinetic profile for the first 24 hours after
the last dose of each study product obtained after 8 days 54 mg per
day intake of the medical food indicated for osteopenia/osteoporosis
(#), the Squadrito study formulation (O) and the OTC bone
supplement (A). “P < 0.05 for the medical food versus the OTC
bone supplement, “P < 0.05 for the Squadrito study formulation
versus the OTC bone supplement.

hydroxylation [27] followed by glucuronidation and sulfation
by UDP-glucuronosyl transferase and sulphotransferases,
respectively [24]. A large majority of glucuronidated genis-
tein undergoes efficient enterohepatic recirculation following
biliary excretion. The preponderance of circulating genistein
in serum has been found to be in the form of glucuronidate
and sulfate conjugates [28].

Food, isolated nutrient molecules and binders, when
coadministered with drugs, are known to affect their absorp-
tion, distribution in the body, metabolism in the lumen, liver
and cells, and elimination [29]. This issue is so important that
the FDA has issued guidance on oral administration of drugs
with food, their bioavailability and need for bioequivalence
studies to assure proper guidance for administration of
therapeutic compounds [30]. Genistein is considered a class
2 compound with low solubility and high permeability by the
FDA’s Biopharmaceutics Classification System. Though there
are no formal requirements for this type of analysis of medical
foods or supplements, it is important that fasting and fed

PK and bioequivalence studies be performed, especially since
medical foods have a statutory requirement to be indicated
for a specific disease and must be administered under the
direction of a physician [21]. Indeed, a fasting and fed PK
study of genistein has been performed on the medical food
Fosteum indicated for osteopenia/osteoporosis suggesting
a minor, nonstatistical effect of food on absorption [31].
There is no published data on genistein bioavailability from
the OTC Citracal Plus Bone Density Builder supplement.
This steady-state PK study demonstrates that the medical
food product for osteopenia/osteoporosis is equivalent to the
clinically proven Squadrito study formulation for absorption
and bioavailability of genistein, whereas the OTC supple-
ment formulation dramatically and statistically affects the
isoflavone absorption (Table 2; Figure 3).

Absorption of bioactive substances is influenced by sev-
eral different factors such as the intestinal solubility and
permeability [32]. Another factor that can affect absorption
of bioactive molecules is viscosity induced by food additives,
such as guar gum [33]. Citrate, an approved food additive,
is also known to increase viscosity in the presence of col-
lagen and fibrous material [34] as well as change the water
absorption profile in different parts of the small intestine [35].
It has been added to different oral rehydration formulations
to modulate acidosis and glycemic index as a viscosity-
promoting agent [36-38]. Based on the above data, it is
possible that normal dietary fiber in those randomized to
the bone supplement group had increased gastrointestinal
viscosity during the time of dosing which affected genistein
uptake due to the dissociation of the citrate and calcium
ions in the stomach. Though Fosteum contains citrated zinc
bisglycinate, citrate along with glycine tightly coordinate
zinc and is not jonized in the stomach. Preclinical studies
have shown that the zinc from chelates is dissociated from
the coordinating molecules on the lumen of the intestine
[39]. Hence, the chance of the citrate portion of the chelate
interacting with dietary fiber is minimal. Other mechanisms
may also account of the lower level of genistein absorption
from the supplement.

ATP-binding cassette (ABC) transport proteins are
responsible, in part, for the transport of flavonoids, including
isoflavones, into luminal intestinal cells for absorption [40].
Genistein specifically interacts with the ABCG2 receptor in
a variety of cells including those in the intestinal lumen
[41]. Calcium and magnesium ions are typically actively
absorbed via transient receptor potential channel proteins
(TRP) in the duodenum [42]. Vitamin D5 is needed for
calcium uptake through these channels while magnesium



serves as a cofactor for ABC transport proteins in the
uptake of flavonoid molecules. There is no reported evi-
dence that calcium, magnesium or other ions inhibit ABC
receptors. Isoflavones, such as genistein, are also transferred
from the intestine into the epithelial lumen by organic
anion transport proteins (OATs) [43]. The OAT receptor
family also serves to maintain anion balance throughout
the body, including in the intestinal lumen [44] and is a
subclass of a superfamily of proteins termed major facilitator
superfamily (MFS) transporters [45, 46]. Citrate is known
to interact with both OAT receptors [44] as well as with
members of the MFS called citrate-H+ symporter (CitA) [47]
and Na+/citrate transporters [48]. Another OAT receptor,
Mrp2, also known as canalicular multispecific organic anion
transporter (c(MOAT) and ABCC2 binds organic anions like
citrate and gluconate [49]. Both ABCC2 and ABCG2 have
extensive homology and exist together in the intestinal lumen
having a broad range of nutrient transport capabilities. These
include the transport of organic anions, glucuronidated and
sulfonated molecules, and a number of drugs [50]. These
receptors have been shown to have specific functional overlap
in absorption of various molecules [51]. Therefore, organic
anions such as citrate, silicate, gluconate, and stearate present
as counterions in the OTC Citracal Plus Bone Density
Builder supplement formulation may directly compete with
genistein for absorption on these receptors and transporters.
This and the possibility that citrate increases viscosity, and
hence slows gastric emptying, might explain the difference
in uptake resulting in a lower C,,,,, lengthened T, and
decreased AUC compared to the medical food product and
the Squadrito study formulation. The carbonate anion in the
Squadrito study formulation is known to interact with the
solute carrier family (SLC) of receptors [52], rather than ABC
or OAT receptors. This may explain why calcium carbonate
does not affect genistein absorption while the calcium citrate
supplement formulation appears to do so.

5. Conclusion

The medical food for osteopenia/osteoporosis, Fosteum, and
Squadrito study formulation tested for bone building in
clinical trials are bioequivalent for absorption of genistein
compared to that from bone supplement Citracal Plus Bone
Density Builder which inhibits genistein uptake. Even with
the 10% difference in AUC between the medical food and
the Squadrito study formulation over the 96 hr period, one
could expect similar genistein pharmacokinetic behavior
from both products under usual conditions of use. The
steady-state genistein concentration attained by dosing with
the OTC Citracal Plus Bone Density Builder supplement,
however, would presumably be significantly lower compared
to Fosteum and the Squadrito study formulation even over
long periods of time. This difference could adversely affect
overall efficacy on bone metabolism. Based on this evidence,
care must be taken when combining bioactive substances like
genistein with specific salts to prevent changes in viscosity
or competition for receptors or transport proteins during
intestinal absorption.

BioMed Research International

Acknowledgment

This work was supported in part by a Liberal Donation from
Primus Pharmaceuticals, Inc., AZ, USA.

References

[1] M. Messina, C. Nagata, and A. H. Wu, “Estimated Asian adult
soy protein and isoflavone intakes,” Nutrition and Cancer, vol.
55, no. 1, pp. 1-12, 2006.

[2] M.].]. De Kleijn, Y. T. Van Der Schouw, P. W. E. Wilson et al.,
“Intake of dietary phytoestrogens is low in postmenopausal
women in the United States: the framingham study' ™, Journal
of Nutrition, vol. 131, no. 6, pp. 1826-1832, 2001.

[3] P. L. Horn-Ross, E. M. John, M. Lee et al., “Phytoestrogen
consumption and breast cancer risk in a multiethnic popula-
tion: the bay area breast cancer study, American Journal of
Epidemiology, vol. 154, no. 5, pp. 434-441, 2001.

[4] X. Zhang, X. O. Shu, H. Li et al., “Prospective cohort study
of soy food consumption and risk of bone fracture among
postmenopausal women,” Archives of Internal Medicine, vol.
165, no. 16, pp. 1890-1895, 2005.

[5] D. L. Alekel, M. D. Van Loan, K. J. Koehler et al., “The
soy isoflavones for reducing bone loss (SIRBL) study: a 3-y
randomized controlled trial in postmenopausal women,” The
American Journal of Clinical Nutrition, vol. 91, no. 1, pp.
218-230, 2010.

[6] W. W. Wong, R. D. Lewis, E M. Steinberg et al., “Soy isoflavone
supplementation and bone mineral density in menopausal
women: a 2-y multicenter clinical trial,” The American Journal
of Clinical Nutrition, vol. 90, no. 5, pp. 1433-1439, 2009.

[7] A. M. Kenny, K. M. Mangano, R. H. Abourizk et al, “Soy
proteins and isoflavones affect bone mineral density in older
women: a randomized controlled trial,” The American Journal
of Clinical Nutrition, vol. 90, no. 1, pp. 234-242, 2009.

[8] M. Yamaguchi, A. Igarashi, M. Sakai, H. Degawa, and Y. Ozawa,
“Prolonged intake of dietary fermented isoflavone-rich soybean
reinforced with zinc affects circulating bone biochemical mark-
ers in aged individuals,” Journal of Health Science, vol. 51, no. 2,
pp. 191-196, 2005.

[9] Y. Tousen, J. Ezaki, Y. Fujii, T. Ueno, M. Nishimuta, and Y.
Ishimi, “Natural S-equol decreases bone resorption in post-
menopausal, non-equol-producing Japanese women: a pilot
randomized, placebo-controlled trial,” Menopause, vol. 18, no.
5, pp. 563-574, 2011.

[10] N. Morabito, A. Crisafulli, C. Vergara et al., “Effects of genis-
tein and hormone-replacement therapy on bone loss in early
postmenopausal women: a randomized double-blind placebo-
controlled study;” Journal of Bone and Mineral Research, vol. 17,
no. 10, pp. 1904-1912, 2002.

[11] H. Marini, A. Bitto, D. Altavilla et al., “Breast safety and efficacy
of genistein aglycone for postmenopausal bone loss: a follow-
up study;” Journal of Clinical Endocrinology and Metabolism, vol.
93, no. 12, pp. 4787-4796, 2008.

[12] H. Marini, L. Minutoli, E Polito et al., “Effects of the phy-
toestrogen genistein on bone metabolism in osteopenic post-
menopausal women: a randomized trial,” Annals of Internal
Medicine, vol. 146, no. 12, pp. 839-847, 2007.

[13] H. Marini, L. Minutoli, F. Polito et al., “OPG and sRANKL
serum concentrations in osteopenic, postmenopausal women
after 2-year genistein administration,” Journal of Bone and
Mineral Research, vol. 23, no. 5, pp. 715-720, 2008.



BioMed Research International

(14]

[15]

[16]

(17]

(18]

[19]

[20]

(21]

(22]

(23]

(24]

[25]

[26]

(27]

(28]

M. Atteritano, S. Mazzaferro, A. Frisina et al., “Genistein
effects on quantitative ultrasound parameters and bone mineral
density in osteopenic postmenopausal women,” Osteoporosis
International, vol. 20, no. 11, pp. 1947-1954, 2009.

A. Bitto, B. P. Burnett, E Polito et al., “Effects of genistein
aglycone in osteoporotic, ovariectomized rats: a comparison
with alendronate, raloxifene and oestradiol,” British Journal of
Pharmacology, vol. 155, no. 6, pp. 896-905, 2008.

K. D. R. Setchell, “Phytoestrogens: the biochemistry, physiol-
ogy, and implications for human health of soy isoflavones,
The American Journal of Clinical Nutrition, vol. 68, no. 6,
supplement, pp. 13335-13468, 1998.

X. Xu, K. S. Harris, H. J. Wang, P. A. Murphy, and S.
Hendrich, “Bioavailability of soybean isoflavones depends upon
gut microflora in women,” Journal of Nutrition, vol. 125, no. 9,
pp. 2307-2315, 1995,

A. Scalbert and G. Williamson, “Dietary intake and bioavail-
ability of polyphenols,” Journal of Nutrition, vol. 130, no. 8, pp.
$2073-52085, 2000.

B. Yuan, H. Zhen, Y. Jin et al., “Absorption and plasma
disposition of genistin differ from those of genistein in healthy
women,” Journal of Agricultural and Food Chemistry, vol. 60, no.
6, pp. 1428-1436, 2012.

S. Teekachunhatean, S. Techatoei, N. Rojanasthein, M.
Manorot, and C. Sangdee, “Influence of fructooligosaccharide
on pharmacokinetics of isoflavones in postmenopausal
women,” Evidence-Based Complementary and Alternative
Medicine, vol. 2012, Article ID 783802, 9 pages, 2012.

S. L. Morgan and J. E. Baggott, “Medical foods: products for the
management of chronic diseases,” Nutrition Reviews, vol. 64, no.
11, pp. 495-501, 2006.

B. E Thomas, S. H. Zeisel, M. G. Busby et al.,, “Quantitative
analysis of the principle soy isoflavones genistein, daidzein and
glycitein, and their primary conjugated metabolites in human
plasma and urine using reversed-phase high-performance lig-
uid chromatography with ultraviolet detection,” Journal of
Chromatography B, vol. 760, no. 2, pp. 191-205, 2001.

T. Larkin, W. E. Price, and L. Astheimer, “The key importance of
soy isoflavone bioavailability to understanding health benefits,”
Critical Reviews in Food Science and Nutrition, vol. 48, no. 6, pp.
538-552, 2008.

J. Sfakianos, L. Coward, M. Kirk, and S. Barnes, “Intestinal
uptake and biliary excretion of the isoflavone genistein in rats;”
Journal of Nutrition, vol. 127, no. 7, pp. 1260-1268, 1997.

A.]. Day, M. S. Dupont, S. Ridley et al., “Deglycosylation of
flavonoid and isoflavonoid glycosides by human small intestine
and liver 3-glucosidase activity,” FEBS Letters, vol. 436, no. 1,
pp. 71-75, 1998.

M. J. Ronis, J. M. Little, G. W. Barone, G. Chen, A. Radominska-
Pandya, and T. M. Badger, “Sulfation of the isoflavones genistein
and daidzein in human and rat liver and gastrointestinal tract,”
Journal of Medicinal Food, vol. 9, no. 3, pp. 348-355, 2006.

M. Hu, K. Krausz, J. Chen et al., “Identification of CYP1A2
as the main isoform for the phase I hydroxylated metabolism
of genistein and a prodrug converting enzyme of methylated
isoflavones,” Drug Metabolism and Disposition, vol. 31, no. 7, pp.
924-931, 2003.

K. D. R. Setchell, N. M. Brown, and E. Lydeking-Olsen, “The
clinical importance of the metabolite equol—a clue to the

effectiveness of soy and its isoflavones,” Journal of Nutrition, vol.
132, no. 12, pp. 3577-3584, 2002.

[29]

(30]

(31]

[32]

[42]

[43]

B. N. Singh, “Effects of food on clinical pharmacokinetics,”
Clinical Pharmacokinetics, vol. 37, no. 3, pp. 213-255, 1999.

Guidance for Industry: Food-Effect Bioavailability and Fed
Bioequivalence Studies, U.S. Department of Health and
Human Services Food and Drug Administration, Center
for Drug Evaluation and Research (CDER), 2002, http://
www.fda.gov/downloads/regulatoryinformation/guidances/
ucm126833.pdf.

B. P. Burnett, L. Pillai, A. Bitto, F. Squadrito, and R. M.
Levy, “Evaluation of CYP450 inhibitory effects and steady-state
pharmacokinetics of genistein in combination with cholecalcif-
erol and citrated zinc bisglycinate in postmenopausal women,”
International Journal of Women’s Health, vol. 3, no. 1, pp.
139-150, 2011.

J. M. Custodio, C. Y. Wu, and L. Z. Benet, “Predicting drug
disposition, absorption/elimination/transporter interplay and
the role of food on drug absorption,” Advanced Drug Delivery
Reviews, vol. 60, no. 6, pp- 717-733, 2008.

C. Reppas, G. Eleftheriou, P. MacHeras, M. Symillides, and
J. B. Dressman, “Effect of elevated viscosity in the upper
gastrointestinal tract on drug absorption in dogs,” European
Journal of Pharmaceutical Sciences, vol. 6, no. 2, pp. 131-139,
1998.

A. Courts, “Citrate-promoted helix formation in gelatin. The
viscosity-time effect} The Biochemical journal, vol. 83, pp.
124-129, 1962.

D. D. K. Rolston, M. J. Kelly, M. M. Borodo, A. M. Dawson,
and M. J. G. Farthing, “Effect of bicarbonate, acetate, and citrate
on water and sodium movement in normal and cholera toxin-
treated rat small intestine,” Scandinavian Journal of Gastroen-
terology, vol. 24, no. 1, pp. 1-8, 1989.

M. R. Islam, A. R. Samadi, and S. M. Ahmed, “Oral rehydration
therapy: efficacy of sodium citrate equals to sodium bicarbonate
for correction of acidosis in diarrhoea,” Gut, vol. 25, no. 8, pp.
900-904, 1984.

L. Torsdottir, M. Alpsten, G. Holm, A. S. Sandberg, and J.
Tolli, “A small dose of soluble alginate-fiber affects postprandial
glycemia and gastric emptying in humans with diabetes,”
Journal of Nutrition, vol. 121, no. 6, pp. 795-799, 1991.

B. W. Wolf, C. S. Lai, M. S. Kipnes et al., “Glycemic and
insulinemic responses of nondiabetic healthy adult subjects to
an experimental acid-induced viscosity complex incorporated
into a glucose beverage,” Nutrition, vol. 18, no. 7-8, pp. 621-626,
2002.

R. A. Wapnir, J. A. Garcia-Aranda, D. E. K. Mevorach, and E
Lifshitz, “Differential absorption of zinc and low-molecular-
weight ligands in the rat gut in protein-energy malnutrition,”
Journal of Nutrition, vol. 115, no. 7, pp. 900-908, 1985.

Y. Wang, J. Cao, and S. Zeng, “Involvement of P-glycoprotein
in regulating cellular levels of Ginkgo flavonols: quercetin,
kaempferol, and isorhamnetin,” Journal of Pharmacy and Phar-
macology, vol. 57, no. 6, pp. 751-758, 2005.

Y. Imai, S. Tsukahara, S. Asada, and Y. Sugimoto, “Phy-
toestrogens/flavonoids reverse breast cancer resistance pro-
tein/ABCG2-mediated multidrug resistance,” Cancer Research,
vol. 64, no. 12, pp. 4346-4352, 2004.

J. G. J. Hoenderop and R. J. M. Bindels, “Calciotropic and
magnesiotropic TRP channels,” Physiology, vol. 23, no. 1, pp.
32-40, 2008.

J. Chen, H. Lin, and M. Hu, “Absorption and metabolism of
genistein and its five isoflavone analogs in the human intestinal



(44]

(45]

(46]

(47]

(48]

(49]

(50]

(51]

(52]

Caco-2 model,” Cancer Chemotherapy and Pharmacology, vol.
55, no. 2, pp. 159-169, 2005.

T. Sekine, S. H. Cha, and H. Endou, “The multispecific organic
anion transporter (OAT) family;” Pflugers Archiv European
Journal of Physiology, vol. 440, no. 3, pp. 337-350, 2000.

J. K. Griffith, M. E. Baker, D. A. Rouch et al., “Membrane
transport proteins: implications of sequence comparisons,’
Current Opinion in Cell Biology, vol. 4, no. 4, pp. 684-695, 1992.
M. D. Marger and M. H. Saier, “A major superfamily of
transmembrane facilitators that catalyse uniport, symport and
antiport,” Trends in Biochemical Sciences, vol. 18, no. 1, pp.
13-20, 1993.

N. Apiwattanakul, T. Sekine, A. Chairoungdua et al., “Transport
properties of nonsteroidal anti-inflammatory drugs by organic
anion transporter 1 expressed in Xenopus laevis oocytes,
Molecular Pharmacology, vol. 55, no. 5, pp. 847-854, 1999.

A. M. Pajor, “Citrate transport by the kidney and intestine,”
Seminars in Nephrology, vol. 19, no. 2, pp. 195-200, 1999.

K. Ito, H. Suzuki, T. Hirohashi, K. Kume, T. Shimizu, and
Y. Sugiyama, “Molecular cloning of canalicular multispecific
organic anion transporter defective in EHBR,” American Journal
of Physiology, vol. 272, no. 1, pp. G16-G22, 1997.

P. Borst and R. Oude Elferink, “Mammalian ABC transporters
in health and disease,” Annual Review of Biochemistry, vol. 71,
pp. 537-592, 2002.

M. L. H. Vlaming, Z. Pala, A. Van Esch et al., “Functionally
overlapping roles of Abcg2 (Berpl) and Abcc2 (Mrp2) in the
elimination of methotrexate and its main toxic metabolite 7-
hydroxymethotrexate in vivo,” Clinical Cancer Research, vol. 15,
no. 9, pp. 3084-3093, 2009.

B. Steffansen, C. U. Nielsen, B. Brodin, A. H. Eriksson,
R. Andersen, and S. Frokjaer, “Intestinal solute carriers: an
overview of trends and strategies for improving oral drug
absorption,” European Journal of Pharmaceutical Sciences, vol.
21, no. 1, pp. 3-16, 2004.

BioMed Research International



