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EFFECTS OF SOY PROTEIN AND SOYBEAN ISOFLAVONES ON BONE HEALTH
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Abstract

Soybeans and soyfoods are for practical purposes, the only nutritionally relevant dietary sources of isoflavones. Soybean isoflavones are
structurally similar to estrogen, bind to estrogen receptors, and exhibit weak estrogenic activity. Soyfoods and soybean constituents have come
under investigation for their role in chronic disease prevention, especially for heart disease and cancer. Two factors, in particular, provided
the basis for initial speculation that soy might contribute to bone health. These are the estrogenic properties of soybean isoflavones and the
effectiveness of the synthetic isoflavone, ipriflavone, in reducing bone loss in perimenopausal and postmenopausal women. In addition, several
human studies have shown that soy protein, when substituted for animal protein, decreases calcium excretion. This review will focus on some
of the clinical researches relevant to the effects of both soy protein and soybean isoflavones on bone health.
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Introduction

Soybeans have been consumed in Asia since ancient times. Compared with Caucasians, the low incidence
of heart disease, reproductive cancers, hip fracture, and climacteric symptoms in Asians has been
considered to be associated with their high intake of soy foods. Recent growing interest in health and
diet has led to an increased focus on soy foods and their functional components, e.g. isoflavones. Soybean
isoflavones are structurally similar to estrogen, bind to estrogen receptors, and exhibit weak estrogenic
activity. Isoflavones exert beneficial health effects by acting as antioxidants, tyrosine kinase and
topoisomerase inhibitors as well as estrogenic activity. It has been reported that they play an important
role in the prevention of chronic diseases, including osteoporosis, cardiovascular diseases, hormone-
dependent cancer, and postmenopausal syndrome (Adlercreutz, 2002; Lampe, 2003; Magee and Rowland
2004; Messina et al., 2006).

During the past several years, soyfoods and soybean constituents have come under investigation for their
role in chronic disease prevention, especially for heart disease and cancer. (Lampe, 2003; Magee and
Rowland 2004; Messina et al., 2006). In fact, recently, the US Food and Drug Administration approved
a health claim for the cholesterol lowering properties of soy protein. In addition to heart disease and
cancer, there is limited research indicating that soy protein favorably affects renal function. For example,
several studies have found that unlike animal protein, soy protein does not increase postprandial
glomerular filtration rates or renal blood flow (Kontessis et al., 1990; Pecis et al., 1994; Nakamura et al.,
1989). Also, some research indicates that soy protein, when substituted for animal protein, decreases
proteinuria in individuals with chronic renal disease (Chan et al., 1988; Barsotti et al., 1988; D’amico
and Gentile, 1993) It can be argued, however, that despite the many potential health benefits, the most
natural role for soy may be its role in reducing risk of osteoporosis. Two factors, in particular, provided
the basis for initial speculation that soy might contribute to bone health. These are the estrogenic
properties of soybean isoflavones (Markiewicz et al., 1993; Mayr et al., 1992) and the effectiveness of
the synthetic isoflavone, ipriflavone, in reducing bone loss in perimenopausal and postmenopausal
women (Valente et al., 1994; Brandi, 1992; Civitelli, 1997). In addition, as discussed below, several
human studies have shown that. soy protein, when substituted for animal protein, decreases calcium
excretion (Breslau et al., 1988; Anderson et al., 1987). This review will focus on some of the clinical
researches relevant to the effects of both soy protein and soybean isoflavones on bone health.

Soy Isoflavones

Isoflavones are a subclass of the more ubiquitous flavonoids and have a similar chemical structure to
estrogen. However, unlike flavonoids, isoflavones have an extremely limited distribution in nature. Only
in soybeans are isoflavones present in nutritionally relevant amounts. The primary isoflavones in
soybeans are genistein and daidzein, although a third isoflavone, glycitein, is also present, but in much
smaller amounts.

The United States Department of Agriculture as well as several other groups have published values for
the isoflavone content of a variety of soy products (Coward et al., 1993; Reinli and Block, 1996; Murphy
etal., 1999). One serving of a traditional soyfood, such as a cup of soymilk or 3 to 4 oz of tofu, contains
about 30 mg of isoflavones. Isolated soy protein (90% protein) and defatted soy flour (about 50% protein)
contain about 0,5 to 2 mg and 2 to 3 mg isoflavones/gram protein, respectively. Isoflavones are quite
heat stable. Baking or frying does not alter total isoflavone content (Coward et al., 1998).

Recent data indicate that the isoflavone intake of Japanese adults in Japan is about 30 mg/d (Nagata et

al., 1998). Not unexpectedly, intake in United States is likely no more than a few miligrams per day, with

the exception of certain subpopulations such as vegetarians and Asian-Americans (Juturu et al., 1999).
Human Studies

A. Bone Turnover

Neverthless, studies are somewhat consistent in showing that soy inhibits bone turnover in post-

menopausal women. The first group to examine this issue, Murkies and colleagues(1995), conducted a
short-term study (12 weeks) in which diets of postmenopausal women were supplemented with either
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wheat or soyflour (45 g/day, 52 mg isoflavones). Although the primary end point of this study was hot
flashes, urinary hydroxyproline, a nonspecific marker of bone resorption, increased significantly in the
women in the wheat group but not in the soy flour group, although there were no statistically significant
differences between groups.

Three other studies also found that soy feeding was associated with a decrease in bone resorption.
Postmenopausal women fed 40 g soy protein (76 mg of isoflavones) per day for 12 weeks exhibited
decreases in urinary d-pyridinoline (P<0.05) and decreases in urinary N-telopeptide (NTX)
concentrations (P<0.001), whereas there were no changes in these bone- specific markers in the placebo
(casein) group (Pansini et al., 1997; Albertazzi et al., 1998). In another study, soyfood (60 to 70 mg
isoflavones/day) consumption was found to decrease urinary excretion of NTx by 13,9% (P<0.02) and
to increase serum osteocalcin by 10,2% (P<0.03), suggesting an increase in osteoblastic activity
(Scheiber et al., 1999). However, there was no control group in this study. Interestingly though, there
was a significant negative correlation between urinary NTx and serum isoflavone concentrations. Finally
Wong, (1999) reported that isoflavone supplementation (160 mg/day) decreased urinary concentrations
of deoxypyrindinoline (Dpd) and increased serum concentrations of osteocalcin and bone-specific
alkaline phosphatase activity, although differences were not statistically significant. However, since the
magnitude of the changes were similar to those seen with estrogen administration, the lack of statistical
significance was likely due to the very small sample size (N=6).

The final study in postmenopausal women was by Washburn and colleagues (1999), who reported the
effects of soy protein on alkaline phosphatase activity, a nonspecific marker for bone formation, in a
double-blind randomized crossover study in which three different diets were fed to subjects for 6 weeks
each. One of the diets was supplemented with 20 g carbohydrate and the other two were supplemented
with 20 g soy protein (34 mg of isoflavones); one of these groups consumed soy protein once per day
and the other twice per day. Alkaline phosphatase activity decreased significantly in women on either
soy diet compared with the carbohydrate-supplemented diet (P<0.05), suggesting that bone formation
declined. However, since bone resorption markers were not examined, the significance of this finding, if
any, is difficult to determine.

In contrast to the above studies, Alekel and colleagues (2000) recently completed a trial a in peri-
menopausal women (N=69) randomly assigned (double-blind) to one of three treatment groups who did
not exhibit any decline in bone resorption during the course of treatment. These women entered the study
in four waves or cohorts with approximately equal presentation from each of the three treatments
(isoflavone-rich soy protein isolate, or SPI+; isoflavone- deficient soy protein isolate, SPI-; and whey
protein, control)in each cohort. Subjects consumed 40 g of protein (soy or whey) for 24 weeks. Repeated
measures of ANCOVA indicated that both time (P<0,005) and baseline value (P<0,0001) were very
significant, whereas treatment had no significant effect on either NTx (P= 0,12) or bone alkaline
phosphatase (P= 0,32). Interestingly, cohort had a significant effect on NTx (P=0,0089), but not
phosphatase (P=0,56), suggesting that cohort may reflect a seasonal effect on bone resorption.

B. Bone Mineral Density

Dalais and colleagues (1998) fed postmenopausal women 45 g of soy grits (flour)/day (52 mg of
isoflavones) for 12 weeks and found that bone mineral content (BMC) significantly increased 5,2%
(P<0.03) although there was no change in bone mineral density (BMD). However, not only is the
magnitude of this increase surprising, but there were also increases in BMC, albeit not significant, in
both the control group who were fed wheat flour and a group of woman fed flaxseed. Clearly, these
results need to be followed up to draw meaningful conclusions.

The next two studies provide support for he hypothesis that isoflavones are the component of soy
responsible for the protective effects on bone. In the study by Alekel and colleagues (2000) previously
described, percentage change in lumbar spine BMD or BMC did not decline in the SPI+ or SPI- groups;
however, significant loss occurred in the control group. Absolute values for bone at baseline and post-
treatment were not statistically different among the three groups. Results of ANCOVA indicated that
treatment has a significant effect on percentage change in BMC (P=0.021), but not on percentage change
in BMD (P=0.25). However, when various contributing factors were taken into account using multiple-
regression analysis, SPI1+ had a significant positive treatment effect on the percentage change in both
BMD (5,6%, P=0.023) and BMC (10,1%, P=0.0032), while the other treatments had no effect. There
was no effect of any treatment on bone sites other than the lumbar spine.
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In agreement with the study by Alekel and colleagues (1999) are results from Potter and colleagues
(1998), who found that in postmenopausal women consuming 40 g of soy protein/day (90 mg of
isoflavones) for 6 months there was a statistically significant increase in lumbar spine BMD, whereas
there were decreases in BMD in the woman fed 40 g of soy protein containing a lesser amount of
isoflavones (56 mg) or 40 g of casein-based milk protein. However, as was also observed by Alekel and
colleagues (1999), there were no differences among treatments at the other bone sites measured. The
findings by Alekel and colleagues and Potter and colleagues, which suggest that isoflavones are
responsible for the bone-sparing effects of soy protein, are consistent with those of Arjmandi and
colleagues (1998) in animals and Scheiber and colleagues (1999) in women.

In contrast to the three previously cited studies, Gallagher and colleagues (1999) found that soy protein,
regardless of isoflavone content, had no effect on BMC. Over a 9-month period, early postmenopausal
women were fed 40 g soy protein containing one of three levels of isoflavones: (1) little or no isoflavones,
(2) 52 mg, or (3) 96 mg per day. There were no significant differences among the three groups in spinal,
femoral neck, or trochanteric BMD during the intervention phase. Gallagher has commented that the lack
of effect may have been because women in the study were 1 to 5 years postmenopausal (personal
communication). During this period of time twice the dose of estrogen may be needed compared with
that required by older women to reduce bone loss. Another consideration is that if components in soy
other than isoflavones are responsible for the purported effects on bone, this study would not have been
able to identify protective effects since soy protein was fed to each group.

Effects of Soy on Bone Health: Possible Mechanisms

A variety of mechanisms have been proposed for the favorable effects of soy protein/isoflavones on bone
health. The effects of soy protein on renal function may have been responsible for the higher BMD in
soy-fed rats in a long-term study (Kalu et al., 1988). Additionally, when substituted for animal protein,
soy protein has been shown to result in lower urinary calcium excretion. However, these effects are likely
not responsible for the favorable effects observed in clinical and epidemiological studies since both
isoflavone-poor and isoflavone-rich soy protein would be expected to have similar effects on renal
function and calcium excretion. In contrast, two human studies found that isoflavone-rich but not
isoflavone-poor soy protein favorably affected BMD (Alekel et al., 1999; Potter et al., 1998).
Furthermore, Scheiber and colleagues (1999) found there was a significant negative correlation between
urinary NTx and serum isoflavone concentrations. Thus, although the effects of soy protein on calcium
excretion, and to a lesser extent renal function, may be clinically relevant, there is considerable evidence
indicating that isoflavones have direct beneficial skeletal effects. In addition to the three human studies
cited above, supporting evidence emerges from work in cells, (Anderson and Garner, 1997; Yoon et al.,
1998; Stephan and Dziak, 1994; Williams et al., 1998; Blair et al., 1996; Gao and Yamaguchi, 1999;
Yamaguchi and Gao, 1998) organ culture, (Yamaguchi et al., 2000; Yamaguchi and Gao, 1998; Gao and
Yamaguchi, 1998; Gao and Yamaguchi 1999) and animal models (Blair et al., 1996; Ishimi et al., 1999;
Fanti et al, 1998; Ishida et al., 1998; Anderson et al., 1998) in which isolated isoflavones have been
employed.

The estrogenic effects of isoflavones are well established. Yet it is not clear that isoflavones exert their
effects on bone by binding to estrogen receptors. Of interest are the results from several studies which
found that soy protein or isolated isoflavones exerted favorable effects on BMD with either minimal or
no increase in uterine weight in contrast to the markedly increased uterine weight in response to estrogen
administration (Blair et al., 1996; Ishimi et al., 1999; Fanti et al., 1998; Ishida et al., 1998, Arjmandi et
al., 1996). These data do not in any way preclude the possibility that isoflavones exert estrogenic effects
on bone tissue. In fact, in culture, Yamaguchi and Gao (1998) reported that the antiestrogen tamoxifen
blocks the ability of genistein to inhibit parathyroid-induced bone resorption. However, they do indicate
that isoflavones are tissue selective. Many researches in this area, thus, consider soy isoflavones as
naturally occurring selective estrogen receptor modulators (SERMs).

Several human studies found that bone resorption markers were decreased relative controls; (Murkies et
al., 1995; Pansini et al., 1997; Albertazzi et al., 1998; Scheiber et al., 1999; Wong, 1999) however, other
findings suggest soy may also stimulate bone formation (Scheiber et al., 1999; Wong, 1999).
Interestingly, in rodents, Ishida and colleagues (1998) found that while both daidzin and genistin retarded
done loss, daidzin but not genistin inhibited bone turnover induced by ovariectomy. Thus, genistin
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appeared to retard bone loss by increasing bone formation. Fanti and colleagues (1998) suggested that
genistein stimulates bone formation by suppressing the activity of one or more cytokines, whereas Blair
and colleagues (1996) suggested that genistein may suppress osteoclastic activity through its ability to
inhibit tyrosine kinases.

Potentially important insight into the action of genistein comes from a study that found that, in culture,
blocking the action of transforming growth factor-factor § (TGF-B) has been shown to prevent the
inhibitory effects of estrogen on bone breakdown (Hughes et al., 1996). Kim and colleagues (1998) have
found that, at least in breast cells, genistein increases TGF-f levels.

Finally, as noted at the outset, the soybean isoflavones have a similar chemical structure to the syntehetic
ipriflavone, which has been shown to be quite effective in inhibiting bone loss in perimenopausal and
postmenopausal women (Valente et al., 1994; Brandi, 1992; Civitelli, 1997). In fact, daidzein is a
metabolite of ipriflavone. There are data indicating that ipriflavone favorably affects both bone resorption
and bone formation (Ohta et al., 1999; Arjmandi et al., 2000). However, the standard dose of ipriflavone
is 600 mg/day and daidzein does not appear to be one of the metabolites of ipriflavone responsible for
its effects on bone (Cheng et al., 1994; Petilli et al., 1995). Interestingly, Ishida and colleagues (1998)
found that while both genistin and daidzin retarded bone loss in ovariectomized rats, ipriflavone was
without effect. Thus, the extent to which insight on the mechanism of action of isoflavones on bone tissue
can be gained by looking at ipriflavone is not clear. Clearly though, there are data indicating that
isoflavones may both inhibit bone resorption and stimulate bone formation and that the proposed
mechanisms for the effects of isoflavones on bone tissue include both estrogenic and nonestrogenic
effects.

Conclusions and Public Health Implications

Overall, the evidence that soy protein and/or its isoflavones favorably affect BMD is promising.
However, because of the limited data, no firm conclusions can be made at this time. Fortunately, several
human studies are under way. Therefore, considerably more knowledge about this area of research will
be available within just a few years.

Thus far, with only one exception, the existing human studies are supportive of protective effects of soy
with studies having only been conducted in women. Neverthless, the strength of the evidence clearly
justifies conducting long-term human studies using either isolated isoflavones or soyfoods. Isoflavone
supplements may allow for better compliance and for less confounding by other dietary variables as when
soyfoods are added to the diet. Data clearly suggest isoflavones are the primary components of soy acting
on bone tissue. However, to date, human studies have used only soy protein. Moreover, the use of soy
protein allows for the possibility that nonisoflavone components of soy, although unlikely, contribute to
the bone-related effects. Therefore, before conducting long-term human trials using isolated isoflavones,
the effects of using isoflavone supplements vs. soy protein on bone turnover and BMD should be directly
compared in short-term studies.

Soyfoods cannot be recommended at the present time as a substitute for estrogen replacement. But
soyfoods can be strongly recommended for those women who choose not to use estrogen. How much
soy should be consumed? Few dose-response studies have been conducted. Neverthless, human data
suggest 60 to 90 mg of isoflavones per day may be needed, or about two to three servings of traditional
soyfoods. From a practical perspective, incorporating an amount of soy into the diet that will provide this
level of isoflavones will be a challenge for many consumers. However, the food industry is responding
with new soy products that should make such dietary changes possible. Furthermore, it may be that lesser
amounts of soy protein or soy isoflavones consumed over the course of a lifetime will exert favorable
effects on bone tissue. This remains to be determined.

14



References
Adlercreutz H, Mazur W: Phyto-oestrogens and Western diseases. Ann Med 29:95-120, 1997.
Adlercreutz H: Phyto-oestrogens and cancer. Lancet Oncol 3:364-373, 2002.

Albertazzi, P., Pansini, F., Bonaccorsi, G., Zanotti, L., Forini, E., and De Aloysio, D., The effect of
dietary soy supplementation on hot flashes, Obstet. Gynecol., 91:6-11, 1998.

Alekel DL, Peterson CT: Isoflavone-rich soy protein isolate exerts significant bone-sparing in the lumbar
spine of perimenopausal women. Third International Symposium on the Role of Soy in Preventing and
Treating Chronic Disease. Washington, DC, October 1999.

Alekel, D.L., St. Germain, A., Peterson, C.T., Hanson, K. B., Stewart, J.W., and Toda, T., Isoflavone-
rich soy protein isolate exerts significant bone-sparing in the lumbar spine of perimenopausal women,
Am. J. Clin. Nutr., 72(3):844-52, 2000.

Anderson JJB, Thomsen K, Christiansen C: High protein meals, insular hormones and urinary calcium
excretion in human subjects, in Christiansen C, Johansen JS, Riis BJ (eds): Osteoporosis 1987. Viborg,
Denmark, Norhaven A/S, pp 240-245, 1987.

Anderson, J.J.B. and Garner, S., C., The effect of phytoestrogens on bone, Nutr. Res., 17: 1617-1632,
1997.

Anderson, J.J.B., Ambrose, W.W., and Garner, S.C., Biphasic effect of genistein on bone tissue in the
ovariectomized, lactating rat model, PSEBM, 217: 345-350, 1998.

Arjmandi, B.H., Alekel, L., Hollis, B. W., Amin, D., Stacewicz-Sapuntzakis, M., Guo, P., and Kukreja,
S.C., Dietary soybean protein prevents bone loss in an ovariectomized rat model of osteoporosis, J.,
Nutr., 126: 161-167, 1996.

Arjmandi, B.H., Birnbaum, R.S., Juma, S., Barengolts, E., and Kukreja, S.C., The synthetic
phytoestrogen, ipriflavone, and estrogen prevent bone loss by different mechanisms, Calcif. Tissue Int.,
66: 61-65, 2000.

Barsotti G, Navelesi R, Giampietro 0, et al: Effects of a vegetarian, supplemental diet on renal function,
proteinuria, and glucose metabolism in patients with ‘overt” diabetic nephropathy and renal insufficiency.
Contrib Nephrol65:87-94, 1988.

Blair, H.C., Jordan, S.E., Peterson, T.G., and Barnes, S., Variable effects of tyrosine kinase inhibitors
on avian osteoclastic activity and reduction of bone loss in ovariectomized rats, J. Cell Biochem., 61:
629-637, 1996.

Brandi, M.L., Flavonoids: biochemical effects and therapeutic applications, Bone Miner., 19: S3-564,
1992.

Breslau NA, Brinkley L, Hill KD, et al: Relationship of animal protein-rich diet to kidney stone formation
and calcium metabolism. J Clin Endocrinol Metab 66:140-146, 1988.

Cassidy A: Physiological effects of phyto-oestrogens in relation to cancer and other human health risks.
Proc Nutr Sot 55:399-417,1996.

Chan AYM, Cheng MLL, Keil LC, et al: Functional response of healthy and diseased glomemli to a
large protein-rich meal. J Clin Invest 81:245-254,1988.

Cheng, S.L., Zhang, S.F., Nelson, T.L., Warlow, P.M., and Civitelli, R., Stimulation of human osteoblast
differentiation and function by ipriflavone and its metabolites, Calcif. Tissue Int. 55: 356-362, 1994.

15



SANITAS MAGISTERIUM

Civitelli, R., In vitro and in vivo effects of ipriflavone on bone formation and bone biomechanics, Calcif.
Tissue Int., 61: S12-14, 1997.

Coward L, Barnes NC, Setchell KDR, et al: Genistein, daidzein, and their J3-glycoside conjugates:
Antitumor isoflavones in soybean foods from American and Asian diets. J Agric Food Chem 41:1961-
1967, 1993.

Coward L, Smith M, Kirk M, et al: Chemical modification of isoflavones in soyfoods during cooking
and processing. Am J Clin Nutr 68: 1486S-1491S, 1998.

D’amico G, Gentile MG: Influence of diet on lipid abnormalities in human renal disease. Am J Kidney
Dis 22:151-157,1993.

Dalais, F.S., Rice, G.E., Wahlqvist, M.L., Grehan, M., Murkies, A.L., Medley G., Ayton, R., and Strauss,
B.J.G., Effects of dietary phytoestrogens in postmenopausal women. Climacteric, 1: 124-129, 1998.

Fanti, P., Monier-Faugere, M.C., Geng, Z., Schmidt, J., Morris, P.E., Cohen, D., and Malluche, H.H.,
The phytoestrogen genistein reduces bone loss in short-term ovariectomized rats, Osteoporosis Int., 8:
274-281, 1998.

Gallagher, J.C., Rafferty, K., Haynatzka, V., and Wilson, W., The effect of soy protein on bone
metabolism, presented at Third International Symposium on the Role of Soy in Preventing and Treating
Chronic Disease, Washington, D.C., Abst., p.18, 1999.

Gao, Y.H. and Yamaguchi, M., Inhibitory effect of genistein on osteoclast-like cell formation in mouse
marrow cultures, Biochem. Pharmacol., 58: 767-772, 1999.

Hughes, D.E., Dai, A., Tiffee, J.C., Li, H.H., Mundy, G.R., and Boyce, B.F., Estrogen promotes apoptosis
of murine osteoclasts mediated by TGF-beta, Nat. Med.., 2: 1132-1136, 1996.

Ishida, H., Uesugi, T., Hirai, K., Toda, T., Nukaya, H., Yokotsuka, K., and Tsuji, K., Preventive effects
of the plant isoflavones, daidzin and genistin, on bone loss in ovariectomized rats fed a calcium-deficient
diet, Biol. Pharm. Bull., 21: 62-66, 1998.

Ishimi, Y., Miyaura, C., Ohmura, M., Onoe, Y., Sato, T., Uchiyama, Y., Ito, M., Wang, X., Suda, T.,
and lkegami, S., Selective effects of genistein, a soybean isoflavone, on B-lymphopoiesis and bone loss
caused by estrogen deficiency, Endocrinology, 140: 1893-1900, 1999.

Juturu V, Hsheih G, Kri-Etherton PM: Soy consumption and nutrient intakes of American adults based
on the CSFII data base 1994-1996. Third International Symposium on the Role of Soy in Preventing and
Treating Chronic Disease. Washington, DC, October 1999.

Kalu, D. N., Masoro, E.J., Yu, B. P., Hardin, R.R., and Hollis, B. W., Modulation of age-related
hyperparathyroidism and senile bone loss in Fischer rats by soy protein and food restriction,
Endocrinology, 122: 1847-1854, 1988.

Kim, H., Peterson, T.G., and Barnes, S., Mechanisms of action of the soy isoflavone genistein emerging
role for its effect via transforming growth factor B signalling pathways. Am. J. Clin. Nutr. 68: 1418S-
14258, 1998.

Kontessis P, Jones SL, Dodds R, et alz Renal metabolic and hormonal responses to ingestion of animal
and vegetable proteins. Kidney Int 38:136-144, 1990.

Lampe JW: Isoflavonoid and lignan phytoestrogens as dietary biomarkers. J Nutr 133:9565-964S, 2003.

Magee RJ, Rowland IR: Phyto-oestrogens, their mechanism of action: current evidence for a role in
breast and prostate cancer. Br J Nutr 91:513-531, 2004.

Markiewicz L, Garey J, Adlercreutz H, et al: In vitro bioassays ofnon-steroidal phytoestrogens. J Steroid
Biochem Mel Bid 45:399-405, 1993.

16



Mayr U, Butsch A, Schneider S: Validation of two in Vito test systems for estrogenic activities with
zearalenone, phytoestrogens and cereal extracts. Toxicology 74:135-149, 1992.

Messina M, Kucuk O, Lampe JW: An overview of the health effects of isoflavones with an emphasis on
prostate cancer risk and prostate-specific antigen levels. J AOAC Int 89:1121-1134, 2006.

Messina MJ, Persky V, Setchell KD, et al: Soy intake and cancer risk: A review of the in vitro and in
viva data. Nutr Cancer 21:113-131, 1994,

Murkies, A. L., Lombard, C., Strauss, B.J.G., Wilcox, G., and Morton, M.S., Dietary flour
supplementation decreases post-menopausal hot flashes: effect of soy and wheat, Maturitas,21,189-195,
1995.

Murphy PA, Song T, Buseman G, et al: Isoflavones in retail and institutional soy foods. J Agric Food
Chem 47:2697-2704, 1999.

Nagata C, Takatsuka N, Kurisu Y, et al: Decreased serum total cholesterol concentration is associated
with high intake of soy products in Japanese men and women. J Nutr 128:209-213, 1998.

Nakamura H, Takasawa M, Kasahara S, et al: Effects of acute protein loads on different sources on renal
function of patients with diabetic nephropathy. TohokuJ Exp Med 159:153- 162,1989.

Ohta, H., Komukai, S., Makita, K., Masuzawa, T., and Nozawa, S., Effects of 1 year ipriflavone treatment
on lumbar bone mineral density and bone metabolic markers in postmenopausal women with bone mass,
Horm. Res., 51: 178-183, 1999.

Pansini, F., Bonaccorsi, G., Albertaza, P., Costantino, D., Valerio, A., Negri, C., Ferrazzini, S.,
Bonocuore 1., De Aloysio, D., Fontana, A., Pansini, N., and Molica, G., Soy phytoestrogens and bone,
presented at North Amerikan Menopause Society Meetings, Abstr,n97.061, p.44, 1997.

Pecis M, de Azevedo M, Gross JL: Chicken and fish diet reduces glomular hyperfiitration in IDDM
patients. Diabetes Care 17~665-672, 1994.

Petilli, M., Fiorelli, G., Benvenuti, S., Frediani, U., Gori, F., and Brandi, M.L., Interactions between
ipriflavone and the estrogen receptor, Calcif. Tissue Int., 56: 160-165, 1995.

Potter, S.M., Baum, J.A., Teng, H., Stillman, R.J., Shay, N.F., and Erdman, J.W., Jr., Soy protein and
isoflavones : their effects on blood lipids and bone density in postmenopausal women, Am. J. Clin. Nutr.,
68: 13755-1379S, 1998.

Reinli K, Block G: Phytoestrogen content of food.-A compendium of literature values. Nutr Cancer
26:123-148, 1996.

Scheiber, M.D., Liu, J.H., Subbiah, M.T.R., Rebar, R.W., and Setchell, K.D.R., Dietary soy isoflavones
favorably influence lipids and bone turnover in healthy postmenopausal women, presented at Third
International Symposium on the Role of Soy in Preventing and Treating Chronic Disease, Washington,
D.C., Abstr., pp. 18-19, 1999.

Stephan, E. B., and Dziak, R., Effects of genistein, tyrphostin, and pertussis toxin on EGF- induced
mitogenesis in primary culture and clonal osteoblastic cells, Calsif. Tissue Int., 54. 409-413, 1994.

Valente, M., Bufalino, L., Castiglione, G.N., Angelo, R.D., Mancuso, A., Galoppi, P., and Zichella, L.,
Effects of 1 year treatment with ipriflavone on bone in postmenopausal women with low bone mass,
Calcif. Tissue Int., 54: 377-380, 1994.

Washburn, S., Burke, G., Morgan, T., and Anthony, M., Effect of soy protein supplementation on serum

lipoproteins, blood pressure, and menopausal symptoms in perimenopausal women, Menopause, 6: 7-
11, 1999.

17



N

et

SANITAS MAGISTERIUM

Williams, J.P., Jordan, S.E., Barnes, S., and Blair, H.C., Tyrosine kinase inhibitor effects on avian
osteoclastic acid transport, Am. J. Clin. Nutr., 68: 1369S-1374S, 1998.

Wong, W.W., Effects of soy isoflavones on blood lipids, blood pressure, and biochemical markers of
bone metabolism in postmenopausal women, presented at Third International Symposium on the Role of
Soy in Preventing and Treating Chronic Disease, Washington, D.C., Absr., pp. 35-36, 1999.

Yamaguchi, M. and Gao, Y.H., Inhibitory effect of genistein on bone resorption in tissue culture,
Biochem. Pharmacol., 55: 71-76, 1998.

Yoon, H.K., Chen, K., Baylink, D. J., and Lau, K.H., Differential effects of two protein tyrosine kinase
inhibitors, tyrphostin and genistein, on human bone cell proliferation as compared with differentiation,
Calcif. Tissue Int., 63: 243-249, 1998.

18



