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SUMMARY

Pregnant and lactating females were fed soy-rich breeding diet. Their male
progeny, immediately after weaning (postnatal day — PND 22) and after
reaching puberty (PND 60), were studied to determine reproductive tissue
growth and secretion of reproductive hormones. Similarly, the response of
adult males to a soy maintenance diet over shorter (PND 160) and longer
(PND 280) periods of time was examined. The relative weights (standardized
by body weight) of the testes, epididymis and prostate, and the concentrations
of luteinizing hormone (LH), testosterone and prolactin (PRL) were used as
the examined end points. In rats on PND 22, no significant differences in the
relative organs weights and the plasma hormones concentrations were found
between the experimental and control groups. In rats on PND 60 which
continued consuming a soy breeding diet, the relative tissue weights did not
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differ significantly, while the mean plasma LH and PRL concentrations were
higher (p<0.01-0.001) compared to the controls. In rats on PND 160 fed soy
maintenance diet, the higher relative testes (p<0.01) and epididymis (p<0.05)
weights as well as plasma testosterone (p<<0.001) concentration were recorded
compared to the controls. In rats on PND 280 fed a soy maintenance diet, the
relative weights of all reproductive tissues were similar to those of controls,
however, the weight of the body and the real weights of the reproductive tissues
were lower (p<0.05) than in the controls. The mean plasma concentrations
of the reproductive hormones did not differ significantly between the two
groups. In conclusion, a supplement of soy in the rat diet may affect growth
and/or development of the reproductive tissues in male rats and also affect
concentrations of reproductive hormones. The effects depend on the period of
life when the soy diet is applied. Reproductive Biology 2006 6 (3):275-290.
Key words: soy meal, soy isoflavones, testes, epididymis, prostate,
testosterone, LH, prolactin, male rats

INTRODUCTION

It is generally recognized that soy products are valuable components of
human and animal diets. Various physiologically active compounds such as
isoflavones that belong to a large family of phytoestrogens, are present in
soybean and its products. Following ingestion, isoflavones, which include
i.e. genistein and daidzein, are biotransformed by intestinal microflora,
absorbed by enterocytes and undergo enterohepatic recycling, reaching the
circulating concentrations that in some circumstances exceed the amounts of
endogenous estrogens [34, 35]. The chemical structure of isoflavones and their
metabolites is similar to estrogens enabling them to bind to estrogen receptor
(ER) a and B [5, 16, 17]. The response to isoflavones was demonstrated in
numerous biological effects at a molecular, cellular or physiological level
[21, 36]. Although isoflavones have various health promoting effects [8, 33,
34], the question has been recently raised of the possible effects of feeding
commercial diets containing soy to laboratory animals on the hormonal
factors as well as on behavioral and social interactions [7, 13, 24].
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Two main types of diets composed of natural feeds, including soy
products, are fed to laboratory animals: breeding diets, designed for growth
and reproduction, and the so-called maintenance diets fed to adult animals
in long-term experiments. Thus, the laboratory animals may be exposed
to isoflavones during different life stages including fetal, neonatal and
growing period until maturity. It may be assumed, that any modifications
in the development of reproductive organs or hormonal status due to
isoflavones, may depend on time and duration of exposure. It was found
that there is efficient transplacental passage of isoflavones [7] and that the
fetuses and neonates are more sensitive than adults to estrogenic exposure
resulting from maternal diet [18, 24, 42].

The objective of the study was to evaluate the effects of feeding a
breeding diet containing soy products to pregnant and lactating females on:
1/ growth of the reproductive tissues and 2/ secretion of the reproductive
hormones in their male progeny, immediately after weaning and after
reaching puberty. Similarly, the response of adult males to a maintenance
soy diet over shorter and longer periods of time was examined. The relative
weights (standardized by body weight) of testes, epididymis and prostate
and the concentrations of luteinizing hormone (LH), testosterone and
prolactin (PRL) were used as the examined end points.

MATERIAL AND METHODS
Animals and diets

Wistar rats were used in two experiments. The animals were maintained
in a light-and temperature-controlled environment (14-h light, 10-h dark
cycle; temperature 22°C) with food and water freely available. Breeding
and maintenance diets were formulated to cover nutrient requirement of
rats for growth, gestation and lactation, and that of adult rats, respectively
(National Research Council, NRC [23]). Experimental diets contained
solvent soybean meal (SBM) and soy protein concentrate (breeding diet),
or SBM only (maintenance diet) as the main sources of supplementary
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protein. In soy-free control diets, whey protein concentrate (Lactopol
S.A., Poland) and whole egg powder (Ovopol S.A., Poland) were
substituted for soy products (tab. 1). A content of essential amino acids
in the experimental and control diets, including lysine, threonine and
tryptophane covered rat requirements according to NRC [23]. Although
different crude protein content was noted in the breeding diets (tab. 1),
their nutritional value, defined as available protein content - the product
of crude protein content and net protein utilization (NPU), was similar.
NPU was determined as a product of protein digestibility and biological

Table 1. Proximate composition' of breeding (Experiment 1) and maintenance
(Experiment 2) diets (g/kg)

Components Breeding  diets | Maintenance  diets
Control 1 | Exp. 1 Control 2 Exp. 2

Cereals? 765 695 790 710
Soy products - 1803 - 120*
Milk and egg products’ 130 40 60 -
Other components® 45 45 60 50
Sugar beet pulp 20 - 50 80
Minerals and vitamins 40 40 40 40
Metabolizable energy, MJ/kg 14.3 14.4 12.5 12.6
Crude protein 172 199 157 162
Available protein’ 146 149 nd nd

!detailed composition is a proprietary formulation; >corn, wheat, oat, wheat middlings;
3commercial solvent soybean meal (SBM; 140 g) and soy concentrate Soycomil (40 g);

*SBM; whey protein concentrate (Lactopol S.A., Poland) and whole egg powder (Ovopol S.A.,
Poland); ¢fodder yeast, ground linseed; “crude protein content x net protein utilization;

nd. — not determined; see text for details
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value in the N balance experiments (Pastuszewska et al., unpublished
data) and calculated according to Pellet and Young [27]. Within each
type, soy-containing and control diets had the same metabolizable energy
value (tab. 1).

The total concentrations of isoflavones in our experimental breeding and
maintenance diets were estimated according to data by Wang and Murphy
[40]. The mean concentrations of these compounds in the soy-derived
foods i.e. 2200 pg/g in SBM and 73 pg/g in protein concentrate [40] were
taken for the estimation. Thus the total isoflavone concentration was about
311 pg/g and 264 pg/g in the experimental breeding and maintenance
diets, respectively.

Experiment 1

Two groups of female rats were fed during the growing period, gestation
and lactation a soy meal containing (experimental 1) or soy-free (control
1) breeding diets. Twenty-four males, born within each group, were
weaned at the age of 22 days. Twelve rats from the experimental group and
twelve controls were sacrificed by decapitation at weaning on postnatal
day (PND) 22 and others were fed respective maternal diets until PND
60. Before decapitation, all animals were weighed and anesthetized by
CO, inhalation. Blood was collected by cardiac puncture, centrifuged in
heparinized tubes and plasma was stored at -20 °C until hormone assays
were performed. The testes, epididymis and prostate were dissected and
weighed (real weights). The real tissues’ weights were next standardized
by body weight, as the relative weights.

Experiment 2

Sixty-day old rats (n=40), fed standard commercial chow from weaning
at PND 22, were divided into two groups: fed soy meal-containing
(experimental 2) or soy-free (control 2) maintenance diets. From each
group, ten rats were decapitated at PND 160 and 10 at PND 280 and the
same procedures as in the Experiment 1 were applied.
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Analytical techniques

The plasma LH and PRL concentrations were determined by
radioimmunoassay (RIA) methods [15] using specific standards and
antibodies supplied by Dr A.F. Parlow and NIDDK (Baltimore, MD,
USA). The assay sensitivity was 49 pg/ml for both LH and PRL and intra-
assay coefficients of variation were 8.5% and 9.5%, respectively. The
plasma concentration of testosterone was assayed by a direct RIA method,
routinely used in our laboratory [15] with a sensitivity of 6.25 pg/ml.

Statistical analysis

The significance of differences in the weights of the reproductive
tissues and in the concentrations of the hormones between rats fed a soy
containing diet and control diet were determined by the non parametric
ANOVA rank Kruskal-Wallis test within each group of age. The relative
testes, epididymis and prostate weights and plasma concentrations of the
hormones are expressed as a mean+SEM.

RESULTS
Experiment 1

In rats of PND 22, no significant differences were found between the
experimental and control groups in the relative weight of testes (tab. 2) as
well as in the mean plasma concentrations of LH, testosterone and PRL
(fig. 1). The weights of epididymis and prostate were not recorded in this
age group.

In rats of PND 60 which continued consuming an experimental
breeding diet, the relative testes, epididymis and prostate weights did not
differ significantly from the controls (tab. 2). The significant differences
between these groups were recorded in the mean plasma LH and PRL
concentrations: (p<0.01-0.001, fig. 1). Only an increased tendency in
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Figure 1. Mean (=SEM) plasma LH, testosterone and prolactin concentrations in rats

on postnatal days (PND) 22 and 60 born to dams fed soy-containing or soy-free (con-
trol) breeding diets. ab: p<0.01; AB: p<0.001.
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Table 2. The relative (standardized by body weight) weights of testes, epididymis
and prostate (mean=SEM) of male rats born to dams fed control or soy meal-
containing breeding diets after weaning at PND 22 and following exposure to the
same maternal diets until PND 60

PND 22 PND 60
Age
control diet soy diet control diet soy diet
Testes 0.75+£0.03 | 0.79+0.03 | 0.96+0.03 | 1.01+0.01
Epididymis - - 0.21£0.01 | 0.22+0.01
Prostate - - 0.29+0.01 0.29 £0.01

PND: postnatal day

testosterone concentration was observed in rats fed experimental breeding
diet as compared with the controls.

Experiment 2

Rats of PND 160 fed experimental maintenance diet had significantly
(p<0.05-0.01) higher relative testes and epididymis weights than in the
controls (tab. 3). While no significant differences were found between
these groups in the relative weight of prostate, the real weight of prostate

Table 3. The relative (standardized by body weight) weights of testes, epididymis
and prostate (mean+SEM) of male rats fed control or soy meal-containing
maintenance diets from PND 60 until PND 160 and PND 280

PND 160 PND 280
Age
control diet soy diet control diet soy diet
Testes 0.69£0.02% | 0.78 £0.028 | 0.66+0.01 | 0.63+0.03
Epididymis 0.26£0.01* | 0.30+0.01° | 0.24+0.01 | 0.23+0.01
Prostate 0.31+0.02 | 0.30+0.03 | 0.37+0.01 | 0.35+£0.01

ab: p<0.05; AB: p<0.01 (significant differences within age groups); PND: postnatal day
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Figure 2. Mean (£SEM) plasma LH, testosterone and prolactin concentrations in rats
on postnatal days (PND) 160 and 280, fed soy-containing or soy-free (control) main-
tenance diets. AB: p<0.001.
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was significantly (p<0.05) lower in the experimental group (data not
shown). No significant differences in the mean plasma LH and PRL
concentrations were recorded between the experimental and control
groups (fig. 2). Only plasma testosterone concentration was significantly
(p<0.001) higher in rats fed an experimental maintenance diet, compared
with the controls (fig. 2).

In rats of PND 280, no significant differences in the relative weights of
the studied reproductive tissues (tab. 3) and in the mean concentrations of
the reproductive hormones (fig. 2) were recorded between the experimental
and control groups. However, the weight of the body and real weights of
the reproductive organs were significantly (p<0.05) lower in rats fed the
experimental diet, than in the controls (data not shown).

DISCUSSION

The results of the present study indicate that soy-rich diet fed to male rats
may affect the growth and/or development of the reproductive tissues
and also change the secretion of LH, testosterone and PRL. The influence
of such a diet is diverse and dependent on the age and/or stage in which
animals were under the impact of phytoestrogens. It should be pointed
out that the most significant changes in the concentrations of the studied
hormones were recorded before and during puberty.

Soybeans and soy-based foods, i.e. soybean meal, are an excellent source
of protein and are used extensively in feeds for all classes of livestock and
in preparation of the laboratory animal diets. They are also a rich source
of the biologically active isoflavones, especially genistein and daidzein [6,
40]. The soy protein concentrate, additionally used in our experimental
breeding diet, supplied proteins of high nutritional value, which are crucial
for the proper growth and development of the neonates and young animals.
Due to the processing used during manufacture of a concentrate, it contains
reduced levels of isoflavones in comparison with soybean meal [40]. As
estimated above, the amounts of isoflavones in our experimental breeding
and maintenance diets were close to the lower range of the total isoflavone
content of the commercial rodent diets containing soy as evaluated by
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Brown and Setchell [7]. On the other hand, the ground linseed, which may
be an additional source of phytoestrogens — lignans, was included in the
same amounts into the experimenal and control diets. However, the effects
of lignans on the reproductive functions, although possible [36], are not
well recognized. Due to the small and similar amounts of linseed in our
diets, the effect of lignans on the examined end points could be comparable
and of minor importance.

In the numerous studies, the effects of biological activity of soy-derived
phytoestrogens were widely described as reproductive disturbances resulted
in the action of these compounds within the brain and/or peripheral tissues
[21, 25, 26, 33, 42]. During animal development, one of the most critical
period is the organogenesis, when the fetus is highly susceptible to toxic
agents [30]. In rats, this process occurs between days 7-17 of gestation
[11]. A further sensitive period in the development occurs during the rapid
acceleration of brain growth, which in rats corresponds to the first 3-4
weeks of postnatal life [11]. For the most part, no changes in the relative
reproductive tissues weights were found in our male rats of PND 22 and
PND 60 born to dams fed soy-rich breeding diet from their childhood
and next through gestation and lactation. This is partly in agreement with
the study by Weber et al. [41] who found that rats fed a diet containing
soy-derived isoflavones showed no change in prostate weight when
measured before puberty. Although Fritz et al. [12] demonstrated dose-
dependent reduction in androgen receptor and ERa and ER[ expression
in the prostate of male rats exposed to genistein throughout gestation to
PND 70, no differences in the histopathology or weight of the reproductive
tract were evident between treatment and control groups. No differences in
reproductive organs’ weights or histology were also observed in studies by
Kang et al. [14]. Also male rabbits, whose mothers received a supplement of
soy meal or soy isoflavones, throughout gestation and lactation, had similar
morphology of genital organs and sexual behavior to the control group [9].

The obtained results, however, contrast with some other data. Odum
et al. [24] showed a reduction of testes and epididymis weights in
young (PND 68) rats fed a soy-containing diet. Wisniewski et al. [42],
in turn, showed that exposure to genistein during gestation and lactation
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demasculinizes the reproductive system in male rats. In females, more
visible estrogenic effects of soy isoflavones on reproductive organs were
reported — an increased uterine weight and advanced vaginal opening in
immature animals [10, 20, 39].

Interestingly, our results showed that clear effects of a soy-containing
diet occurred in young animals with reference to the reproductive hormones
secretion. While the marked elevation of testosterone concentration could
result in the increased LH secretion, the highly elevated plasma PRL
concentration seems to be a clear estrogenic response to soy isoflavones
[32]. The mechanism, by which isoflavones modulate LH and PRL secretion
is not substantially recognized. It is possible that the apparent stimulatory
effect of an experimental diet on the secretion of these pituitary hormones
results in the action of isoflavones within the central nervous system (CNS).
However, very little data concerning this aspect is available, especially related
to rodent males. Ashby et al. [1] demonstrated that soy-based formulae
elicited estrogenic effects in an ovariectomized mouse model and suggested
participation of the CNS in these effects via stimulation of the hypothalamic
gonadotropin-releasing hormone and subsequent production of exogenous
estrogens mediated by gonadotropins released from the pituitary gland. The
stimulatory effect of genistein on prolactin secretion following infusion of
this isoflavone directly into the CNS was, in turn, showed in ovariectomized
ewes [31]. The data obtained in our rat model are most of all in agreement
with a suggestion that the CNS — gonadal axis of males is highly sensitive to
phytoestrogenic compounds during development [33].

A stimulatory effect of a soy-containing diet on the growth of the
testes and epididymis and in consequence on the testosterone secretion
was observed in rats on PND 160, during the period corresponding to
full sexual activity. It could be attributed to the low levels of circulating
isoflavones following treatment with the experimental diet. As suggested
by Attanasova et al. [3], the effect of low levels of potent estrogens can
resultin significant advancement of testicular/spermatogenic development
at puberty. The apparent selectivity of action of soy/phytoestrogens and its
estrogenic potency could perhaps be related to the reported relatively high
affinity of phytoestrogens for ERB [17] which is expressed in both Sertoli
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and germ cells [28]. On the other hand, the accumulating concentration
of isoflavones in the organism could increase the plasma concentration of
testosterone by displacement of this hormone from a-fetoprotein — a blood
glycoprotein which bounds circulating sex hormones in rats [4].

Contrary to our results, some data exist, showing adverse effects of
soy diet or soy-derived isoflavones on the genital organs and testosterone
secretion in adult rodent males [37, 41]. According to Odum et al. [24],
administration of different diets to rats can affect in a different way the
timing of both male and female sexual development. It is worth noting,
that the opposite effect, although not significant in the relative weights, was
observed in prostate of our rats on PND 160. It is in agreement with the
studies by Weber et al. [41] who showed that after puberty when androgen
levels increase, prostate weights decreased in rats fed a phytoestrogen-
containing diet. Even as short as after ten days of exposure, a soy meal
containing diet could affect the androgenic response to testosterone
propionate in prostate [38]. As further demonstrated, such an effect could
result in the action of equol, the main metabolite of soy-derived isoflavone
daidzein, which blocked the androgenic influence of testosterone/Sa-
dihydrotestosterone within the prostate cells [19].

A lack of the significant differences in the relative reproductive organs’
weight between the experimental and control group of rats on PND 280
may be improperly interpreted, since a clear and significant decrease in
the body and real reproductive organs weights was recorded in rats fed a
soy-rich diet. A decrease in the body weight was reported earlier in both
male and female rodents exposed to different doses of soy or soy-derived
isoflavones and was explained, in part, by an increased locomotor activity
and/or lesser food intake [9, 22, 41]. On the other hand, reproductive
organs’ diminished weight, especially that of prostate, strongly support
the protective effects which isoflavones exert in male reproductive
disorders such us benign prostatic hyperplasia and prostate cancer [2, 29].
Concomitantly, clearly diminished reproductive hormone concentration in
both groups of rats on PND 280 could indicate a parallel decrease in both
the secretory activity of the CNS — gonadal axis and in its sensitivity to
endogenous steroids and/or soy-derived isoflavones during aging.
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In conclusion, a supplement of soy in a rat diet may affect growth and/

or development of the reproductive tissues in male rats and also change
the concentrations of the reproductive hormones. The effects depend on
the period of life when the phytoestrogenic diet is applied. The obtained
data also support an opinion that choice of diet may alter functioning of
estrogenic/androgenic compounds in the clinical studies and skew estrogen/
androgen-sensitive experimental end points.

REFERENCES

10.

11.

Ashby J, Tinwell H, Odum J, Kimber I, Brooks AM, Pate I, Boyle CC 2000 Diet and aetiology
of temporal advances in human and rodent sexual development. Journal of Applied Toxicology
20 343-347.

Adlercreutz H, Mazur W, Bartles P, Elomaa V, Vatanabe S, Vahala K, Landstrom M, Lundin
E, Bergh A, Damber JE, Aman P, Wimark A, Johansson A, Zhang JX, Hallmans G 2000
Phytoestrogens and prostate disease. Journal of Nutrition 130 658S-659S.

Atanassova N, McKinnell C, Turner KJ, Walker M, Fisher JS, Morley M, Millar MR, Groome
NP, Sharpe RM 2000 Comparative effects of neonatal exposure of male rats to potent and weak
(environmental) estrogens on spermatogenesis at puberty and the relationship to adult testis size
and fertility: evidence for stimulatory effects of low estrogen levels. Endocrinology 141 3898-
3907.

Baker ME, Medlock KL, Sheehan DM 1998 Flavonoids inhibit estrogen binding to rat alpha-
fetoprotein. Proceedings of the Society for Experimental Biology and Medicine 217 317-321.
Beck V, Unterrieder E, Krenn L, Kubelka W, Jungbauer A 2003 Comparison of hormonal
activity (estrogen, androgen and progestin) of standardized plant extracts for large scale use
in hormone replacement therapy. Journal of Steroid Biochemistry and Molecular Biology 84
259-268.

Bingham SA, Atkinson C, Liggins J, Bluck L, Coward A 1998 Phyto-oestrogens: where are we
now? British Journal of Nutrition 79 393-406.

Brown NM, Setchell KDR 2001 Animal Models Impacted by Phytoestrogens in Commercial
Chow: Implications for Pathways Influenced by Hormones. Laboratory Investigation 81 735-
747.

Bryant M, Cassidy A, Hill C, Powell J, Talbot D, Dye L 2005 Effect of consumption of soy
isoflavones on behavioural, somatic and affective symptoms in women with premenstrual
syndrome. British Journal of Nutrition 93 731-739.

Cardoso JR, Bao SN 2006 Effects of chronic exposure to soy meal containing diet or soy
derived isoflavones supplement on semen production and reproductive system of male rabbits.
Animal Reproduction Science (in press).

Casanova M, You L, Gaido KW, Archibeque-Engle S, Janszen DB, Heck HA 1999 Developmental
effects of dietary phytoestrogens in Sprague-Dawley rats and interactions of genistein and daidzein
with rat estrogen receptors alpha and beta in vitro. Toxicological Sciences 51 236-244.

Dencker L, Eriksson P 1998 Susceptibility in utero and upon neonatal exposure. Food Additives
and Contaminants 15 37-43.



Gorski et al. 289

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Fritz WA, Wang J, Eltoum IE, Lamartiniere CA 2002 Dietary genistein down-regulates androgen
and estrogen receptor expression in the rat prostate. Molecular and Cellular Endocrinology 186
89-99.

Hartley DE, Edwards JE, Spiller CE, Alom N, Tucci S, Seth P, Forsling ML 2003 The soya
isoflavone content of rat diet can increase anxiety and stress hormone release in the male rat.
Psychopharmacology 167 46-53.

Kang KS, Che JH, Lee Y'S 2002 Lack of adverse effects in the F1 offspring maternally exposed
to genistein at human intake dose level. Food and Chemical Toxicology 40 43-51.

Kokot F, Stupnicki R 1985 Radioimmunoassay and radiocompetition methods applied in
clinics.(in Polish) PZWL, Warszawa, Poland.

Kuiper GGIM, Carlsson B, Grandien K, Enmark E, Haggbald J, Nilsson S, Gustafsson J 1997
Comparison of the ligand binding specificity and transcript tissue distribution of estrogen
receptors o and B. Endocrinology 138 863-870.

Kuiper GGIM, Lemmen JG, Carlsson B, Corton JC, Safe SH, Van der Saag PT, Van der Burg
B, Gustafsson JA 1998 Interaction of estrogenic chemicals and phytoestrogens with estrogen
receptor B. Endocrinology 101 818-821.

Levy JR, Faber KA, Ayash L, Hughes CR 1995 The effect of prenatal exposure to the
phytoestrogen genistein on sexual differentiation in rats. Proceedings of the Society for
Experimental Biology and Medicine 208 60-66.

Lund TD, Munson DJ, Haldy ME, Setchell KDR, Lephard ED, Handa RJ 2004 Equol is a novel
anti-androgen that inhibits prostate growth and hormone feedback. Biology of Reproduction 70
1188-1195.

Medlock KL, Branham WS, Sheehan DM 1995 The effects of phytoestrogens on neonatal rat
uterine growth and development. Proceedings of the Society for Experimental Biology and
Medicine 208 307-313.

Naciff JM, Overmann GJ, Torontali SM, Carr GJ, Tiesman JP, Daston GP 2004 Impact of
the phytoestrogen content of laboratory animal feed on the gene expression profile of the
reproductive system in the immature female rat. Environmental Health Perspectives 112 1519-
1526.

Nagao T, Yoshimura S, Saito Y, Nakagomi M, Usumi K, Ono H 2001 Reproductive effects in
male and female rats of neonatal exposure to genistein. Reproductive Toxicology 15 399-411.
National Research Council 1995 Nutrient requirements of laboratory animals, National
Academy Press, Washington D.C.

Odum J, Tinwell H, Jones K, Van Miller JP, Joiner RL, Tobin G, Kawasaki H, Deghenghi
R, Ashby J 2001 Effect of rodent diets on the sexual development of the rat. Toxicological
Sciences 61 115-127.

Patisaul HB, Whitten P, Young LJ 1999 Regulation of estrogen receptor beta mRNA in the brain:
opposite effects of 17f-estradiol and phytoestrogen coumestrol. Molecular Brain Research 67
165-171.

Patisaul HB, Dindo M, Whitten P, Young LJ 2001 Soy Isoflavone Supplements Antagonize
Reproductive Behavior and Estrogen Receptor a- and f-Dependent Gene Expression in the
Brain. Endocrinology 142 2946-2951.

Pellet PL, Young V 1980 Nutritional Evaluation of Protein Foods. U.N. University, Tokyo,
Japan.

van Pelt AMM, de Rooij DG, van der Burg B, van der Saag PT, Gustafsson J-A, Kuiper GGIM
1999 Ontogeny of estrogen receptor-3 expression in rat testis. Endocrinology 140 478-483.
Pollard M, Wolter W 2000 Prevention of spontaneous prostate-related cancer in Lobun-Wistar
rats by a soy protein isolate/isoflavone diet. The Prostate 45 101-105.



290 Soy diets and reproduction of male rats

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Pryor JL, Hughes C, Foster W, Hales BF, Robaire B 2000 Critical windows of exposure for
children’s health: the reproductive system in animals and humans. Environmental Health
Perspectives 108 491-503.

Romanowicz K, Misztal T, Barcikowski B 2004 Genistein, a phytoestrogen, effectively
modulates luteinizing hormone and prolactin secretion in ovariectomized ewes during seasonal
anestrus. Neuroendocrinology 79 73-81.

Santell RC, Chang YC, Nair MG, Helferich WG 1997 Dietary genistein exerts estrogenic
effects upon the uterus, mammary gland and the hypothalamic/pituitary axis in rats. Journal of
Nutrition 127 2263-2269.

Santti R, Makela S, Strauss L, Korkman J, Kostian ML 1998 Phytoestrogens: potential endocrine
disruptors in males. Toxicology and Industrial Health 14 223-237.

Setchell KDR 2001 Soy isoflavones — benefits and risks from nature’s selective estrogen
receptor modulators (SERMS). Journal of the American College of Nutrition 20 354S-362S.
Setchell KDR, Cassidy A 1999 Dietary isoflavones — biological effects and relevance to human
health. Journal of Nutrition 129 758S-767S.

Sprando RL, Collins TFX, Black TN, Olejnik N, Rorie JI, Scott M, Wiesenfeld P, Babu US,
O’Donnell M 2000 The effect of maternal exposure to flaxseed on spermatogenesis in F-1
generation rats. Food and Chemical Toxicology 38 325-334.

Strauss L, Makela S, Joshi S, Huhtaniemi I, Santti R 1998 Genistein exerts estrogen-like effects
in male mouse reproductive tract. Molecular and Cellular Endocrinology 144 83-93.
Stroheker T, Cabaton N, Berges R, Lamothe V, Lhuguenot JC, Chagnon MC 2003 Influence
of dietary soy isoflavones on the accessory sex organs of the Wistar rat. Food and Chemical
Toxicology 41 1175-1183.

Tinwell H, Soames AR, Foster JR, Ashby J 1999 Estradiol-type activity of coumestrol in mature
and immature ovariectomized rat uterotrophic assays. Environmental Health Perspectives
108 631-634.

Wang HJ, Murphy PA 1994 Isoflavone content in commercial soybean foods. Journal of
Agricultural and Food Chemistry 42 1666-1673.

Weber KS, Setchell KDR, Stocco DM, Lephart LD 2001 Dietary soy-phytoestrogens decrease
testosterone levels and prostate weight without altering LH, prostate Sa-reductase or testicular
steroidogenic acute regulatory peptide levels in adult male Sprague—Dawley rats. Journal of
Endocrinology 170 591-599.

Wisniewski AB, Klein SL, Lakshmanan Y, Gearhart JP 2003 Exposure to genistein during
gestation and lactation demasculinizes the reproductive system in rats. Journal of Urology 169
1582-1586.



