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Phytoestrogens decrease brain calcium-binding proteins but do not alter
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Abstract
Phytoestrogen wplant estrogenic-like moleculeŽs.x research has grown rapidly in recent years due to their potential health benefits.
However, little is known about phytoestrogen’s effects on the CNS. Androgen metabolizing enzymes are known to regulate neuroendocrine functions and reproductive behaviors, while calcium-binding proteins are associated with protecting against neurodegenerative
diseases. Therefore, we examined aromatase and 5a-reductase enzyme activities in the medial basal hypothalamic and preoptic area
Žmbh–poa. and characterized mbh–poa and amygdala Žamy. calbindin and calretinin levels Žvia Western analysis. from animals fed a
phytoestrogen-free ŽP-free. vs. a phytoestrogen-containing diet wŽP-600.; that had 600 mgrg of phytoestrogensx. After approximately 5
weeks on the diets, the male rats were killed at 105 days. P-600 plasma phytoestrogen levels were 78-fold higher than the P-free values
and the mbh–poa phytoestrogen content was 8-fold higher than the P-free group, demonstrating the passage of phytoestrogens into brain.
In general, brain aromatase or 5a-reductase activity levels were not significantly altered by the experimental diets. However, independent
of brain site Ži.e., mbh–poa or amy. the abundance of calbindin from male P-600 rats was significantly lower than P-free animals.
Conversely, for calretinin there were no significant alterations in the mbh–poa tissue site, while in the amy a similar pattern of expression
was seen to that of the calbindin results. These data suggest that consumption of phytoestrogens via a soy diet for a relatively short
interval can significantly: Ž1. elevate plasma and brain phytoestrogens levels and Ž2. decrease brain calcium-binding proteins without
altering brain androgen metabolizing enzymes. q 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction
Phytoestrogens are estrogen-like molecules found in
many plants Žthat have a diphenolic, nonsteroidal structure.,
such as, fruits, vegetables, legumes, whole-grain and especially soy products w1,6,34,39,41,42x. These estrogen mimics have the ability to selectively bind estrogen receptors
Žb ) a . w18x, and recently have received a great deal of
investigative attention due to the potential protective effects against age-related diseases Že.g., cardiovascular disease and osteoporosis. and hormone-dependent cancers
Ži.e., breast and prostate cancer. w1,3,17,33,43x. However,
little is known about the effects phytoestrogens have on
the central nervous system ŽCNS..
)
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We recently reported that a soy diet containing moderate levels of phytoestrogens can alter the brain calcium-binding protein, calbindin, during prenatal development w49x
and exert slight but significant effects on the androgenmetabolizing enzyme, 5a-reductase, in the hypothalamus
of adult male rats w52x. Both biological parameters represent important elements in the structurerfunction relationship of the development of the rat CNS perinatally and the
operationrsurvival of neurons postnatally w4,5,13,20,
21,35x. Calbindin ŽCALB. and calretinin ŽCALRET. are
calcium-binding proteins that serve potentially important
roles in the development and function of the central nervous system ŽCNS. w4,13x. However, the most abundant
calcium-binding protein in neurons is calbindin that apparently sequestersrregulates intracellular calcium during
genesis of the CNS. Also, it is thought to act as a potential
neuroprotective factor against programmed cell death
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Žapoptosis. that is associated with neurodegenerative diseases, such as Parkinson’s and Huntington’s disease w13x.
On the other hand, the aromatase and 5a-reductase enzymes are major pathways of androgen metabolism in
brain w5,20,21,35x. Both enzymes activities in peripheral
tissue sites have been shown to be inhibited by phytoestrogens Žin vitro. w2,7,14,16,50x. The aromatase and 5a-reductase pathways represent important mechanisms of
steroid hormonal action in the CNS, especially in the
hypothalamic region during perinatalrpostnatal development and both play regulatory roles in neuroendocrine
functions, reproductive endocrine physiology and sexual
behaviors w5,20,21,35x. To determine whether a soy diet
containing relatively high levels of phytoestrogens influence brain androgen metabolizing enzymes and calciumbinding proteins levels in adult male rats, we examined
aromatase and 5a-reductase enzyme activities in the medial basal hypothalamic and preoptic area Žmbh–poa. and
characterized mbh–poa and amygdala Žamy. CALB and
CALRET levels Žvia Western analysis. from animals fed a
phytoestrogen-free vs. a phytoestrogen-containing diet.
wDue to the fact that brain calcium-binding proteins have
not been characterized in female rats Žduring the estrous
cycle. only male rats were examined in this study.x

limits of HPLC detection. wThe P-600 diet contained the
following isoflavones Žmean expressed in mgrg.: daidzin
s 224.1; genistins 319.0; glycitins 39.5; and the aglycones detected were, daidzeins 8.9 and genisteins 8.6.x
After 35 days on the treatment diets Žstarting at 70 days
old., the male rats were killed at 105 days of age. At this
time, blood Žfor phytoestrogen plasma content analysis.
and the brain tissue sites were collected using landmark
boundaries Žfor phytoestrogen content analysis, aromataser5a-reductase activity determination and the abundance of the calcium-binding proteins, CALB and CALRET. as outlined elsewhere w15,22,25,49,52x. The animals
and methods of this study were approved by the Institute
of Animal Care and Use Committee ŽIACUC. at Brigham
Young University.
2.2. Plasma phytoestrogen leÕels

2. Materials and methods

The concentration and typeŽs. of phytoestrogens were
analyzed from pooled Žby treatment. plasma Ž n s 18. samples by gas chromatographyrmass spectrometry. This was
performed by liquid–solid extraction and liquid–gel chromatographic techniques to isolate the phytoestrogen fractions using standard methods with internal controls to valid
the assay w45x. The assay precision for the individual
isoflavones was 6% to 10%, coefficient of variation. The
obtained values were expressed in nanograms per milliliter.

2.1. Animals and phytoestrogen diets

2.3. Brain phytoestrogen leÕels

Sprague–Dawley Ž50-day-old. male rats were obtained
from Simonsen Lab. ŽGilroy, CA, USA. and were housed
in a controlled environment on a reverse light–dark cycle
Žlights on 1600–0600 h; red light illumination during the
dark cycle from 0600–1600 h.. The animals were given
free access to water and standard rat chow for approximately 20 days Ždays 50–70..
At 70 days of age, 36 rats were randomly assigned to
two treatment groups: Ž1. Phytoestrogen sterol-free diet
Žreferred to hereafter as the P-free diet. or, Ž2. the Phytoestrogen-containing diet Žreferred to hereafter as the P-600
diet.. There were no significant differences in body weight
before the animals were assigned to the treatment groups
and the animals continued to have free access to tap water
and the diets. The P-free rat diet was obtained from Ziegler
Bros. ŽGardner, PA, USA., balanced and matched for
equivalent percentage content of protein, carbohydrate, and
fat to that of the commercially available P-600 diet
ŽHarlan-Teklad.. The concentration and typeŽs. of phytoestrogens in the two diets were analyzed in duplicate by
reverse-phase high pressure liquid chromatography ŽHPLC.
using a 25 = 0.46 cm Aquapore ŽC8; particle size 7 mm.
column under gradient elution conditions, with internal
controls, as described elsewhere w6,44x. The P-600 diet
contained a total of 600 mgrg of phytoestrogens while the
phytoestrogen content in the P-free diet was below the

The levels of the phytoestrogens, genistein and daidzein
were determined by time-resolved fluoroimmunoassay
ŽTR-FIA. in lyophilized brain tissue Ži.e., the mbh–poa.
samples win a subset of animals, Žpooled by treatment,
n s 6 per group.x using standard methods with internal
controls.
2.4. Brain aromatase and 5a-reductase actiÕities
Aromatase activity was determined in the mbh–poa
brain tissue region. In animals by treatment group Žrepresenting two independent experiments, total n s 20 per
treatment., the isolated brain tissue samples were incubated in 200 ml of DMEM with a saturating concentration
of w1 b-3 Hxtestosterone Ž2.5 mM; DuPontrNew England
Nuclear, Boston, MA, USA. for 1 h. Using standard assay
procedures w24,25x, the rates of aromatase activity in each
tissue sample were determined by the ‘tritiated water’
release assay where aromatization of the substrate was
isolated from the aqueous phase of the reaction mixture.
Subsequently, an aliquot of the isolated and purified aqueous phase was quantified by scintillation counting for
aromatase activity. The protein content of each tissue
fragment was determined by the method of Lowry et al.
w30x. Aromatase activity rates were expressed in femtomoles per hour Žof incubation. per milligram protein.
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Table 1
A. Phytoestrogen concentrations in plasma samples from adult male rats on phytoestrogen diets
P-600 diet

P-free diet

Daidzein Žngrml.
1000.5 q 226.8
16.9 q 0.9
Genistein Žngrml.
433.5 q 98.5
10.0 q 1.1
Equol Žngrml.
1031.0 q 26.3
4.8 q 0.0
Total Žngrml.
2465.0 a
31.7
Pooled plasma samples Ž n s 18 per treatment group.. Each value represents the meanq S.E.M.; the pooled samples were analyzed twice. Phytoestrogen
concentrations were measured by gas chromatographyrmass spectrometry w45x.
B. Phyotestrogen levels in the medial basal hypothalamic Žmbh. and preoptic area Žpoa. from adult male rats on phytoestrogen diets
P-600 diet

P-free diet

Daidzein Žngrg.
41.9
4.9
Genistein Žngrg.
27.2
3.9
Total Žngrg.
69.1b
8.8
Pooled brain samples Ž n s 6 per treatment group.. Each value represents the mean from duplicate assayed samples. Phytoestrogen concentrations were
determined by time-resolved fluoroimmunoassay.
a
b

Significantly different vs. P-free diet.
Significantly higher vs. the P-free group. There were no significant differences in food intake during the treatment interval.

To determine 5a-reductase activity in the brain tissue
samples, an aliquot of the chloroform phase Ž100 ml.
Žfrom the extracted reaction mixture. was evaporated to
dryness, redissolved in 30 ml chloroform containing 10 mg
each of five nonradioactive steroids w5a-androstane3b,17-dione, androstenedione, 5a-dihydrotestosterone
Ž5a-DHT., testosterone and 5a-androstane-3a ,17b-diol
Ž3a-diol.x. Each prepared sample was applied to precoated
silica gel plastic thin layer chromatography ŽTLC. plates
Ž20 = 20 cm.. The TLC plates were developed with one
ascent of the solvent system Ždichloromethane, ethyl acetate, methanol; 85:15:3 vrvrv., which resolves the major
5a-reduced metabolites from 5b-androgen metabolites,
estradiol and estrone. The tritium corresponding to the cold
5a-reduced steroids was quantified by scintillation counting to calculate the 5a-reductase activities w23x. Using
these conditions, the predominate enzyme activity measured was 5a-reductase type 1 which apparently is the
major 5a-reductase type expressed in adult rats of this
brain tissue site w38x. The 5a-reductase activities were
expressed as specific activity rateŽs. in picomoles per hour
Žof incubation. per milligram protein.

vided by A.M. Iacopino at Baylor College of Dentistry,
Dallas, TX. or a rat CALRET antibody Ž1:10,000. purchased from Swant Antibodies ŽBellinzona, Switerland..
ŽAdult rat cerebellum served as positive controls in these
experiments and the specificity of the CALB antibody has
been previously reported by our laboratory w49x.. The
bound antibody-complex for each sample on the immunoblots was detected by enhanced chemiluminescence
ŽECL. Western blotting system ŽAmersham, Arlington

2.5. Brain calbindin and calretinin Western analysis
Calbindin ŽCALB. and calretinin ŽCALRET. levels in
the mbh–poa and amy tissue samples were determined by
Western blot analysis, as previously reported by our laboratory w22,26,49,51x. In brief, the brain tissue samples Ž30
mg; by treatment and brain site. were resolved on 14%
Tris-glycine gels, transferred onto Millipore-Immobilon-P
membranes ŽMillipore, Bedford, MA, USA. and then incubated with a rat CALB antibody Ž1:50,000; kindly pro-

Fig. 1. Effect of phytoestrogen diets on 5a-reductase Žleft panel. and
aromatase Žright panel. activities in the mbh–poa at the end of the
treatment interval. The number of animals per group is shown at the base
of each bar, representing combined data from two separate experiments.
The animals on the phytoestrogen-containing diet, P-600, are shown by
the open bars and the animals on the phytoestrogen-free diet, P-free, are
shown by the gray bars. The bars represent the meanqS.E.M. There were
no significant differences between the treatments for mbh–poa 5a-reductase or aromatase activity levels.
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Height, IL, USA.. The intensities of the immunoreactive
bands were captured using an imaging analysis system
ŽFotodyne, Harland, WI, USA.. The optical densities of
the bands were quantified using the NIH Imaging program
Žversion 1.61.. The presented results are data derived from
three independent immunoblots for CALB or CALRET. In

each immunoblot, the lowest intensity band Žamy P-600.
was assigned an arbitrary value of one Žfor the CALB and
CALRET results.. All other bands were then expressed as
a fraction of this value and analyzed for significantly
differences in band intensities, as previously performed by
our laboratory w22,26,27,29,49,51x.

Fig. 2. ŽA. Western analysis of mbh–poa and amy calbindin abundance in adult male rats fed diets containing phytoestrogens, P-600, or lacking
phytoestrogens, P-free. Prestained molecular weight standards ŽMr = 10 3 . are shown by the horizontal bars on the left in the figure above. Rat cerebellum
ŽCerebel. served as positive controls in each Tris-glycine gel. ŽB. Densitometric analysis of the mbh–poa and amy calbindin Western autoradiograms
Žshown in A.. For each immunoblot, the lowest band intensity Žamy P-600. was assigned an arbitrary unit of 1 and all other band intensities were
expressed as a fraction of this value. The histogram above represents data derived from three independent immumoblots expressed as the meanq S.E.M.
Žw. Significantly greater mbh–poa P-free levels compared to mbh–poa P-600 values. ŽB. Significantly greater amy P-free levels compared to amy P-600
values.
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2.6. Statistical analysis
The data derived from the adult male rats were tested
by analysis of variance ŽANOVA., followed by pairwise
comparisons Žvia Neuman–Kuels analysis. to detect significant differences between the treatment groups Ž a s p 0.05..
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3. Results
3.1. Plasma phytoestrogens
The levels and types of phytoestrogens were determine
in pooled plasma samples by treatment. The animals in the
P-600 group displayed significantly higher levels of phytoestrogens in their plasma Žtotal isoflavones s 2465

Fig. 3. ŽA. Western analysis of mbh–poa and amy calretinin abundance in adult male rats fed diets containing phytoestrogens, P-600, or lacking
phytoestrogens, P-free. Prestained molecular weight standards ŽMr = 10 3 . are shown by the horizontal bars on the left in the figure above. Rat cerebellum
ŽCerebel. served as positive controls in each Tris-glycine gel. ŽB. Densitometric analysis of the mbh–poa and amy calbindin Western autoradiograms
Žshown in A.. For each immunoblot, the lowest band intensity Žamy P-600. was assigned an arbitrary unit of 1 and all other band intensities were
expressed as a fraction of this value. The histogram above represents data derived from three independent immumoblots expressed as the meanq S.E.M.
ŽB. Significantly greater amy P-free levels compared to amy P-600 values.
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ngrml. compared to the P-free treatment group Žtotal
isoflavoness 31.7 ngrml. ŽTable 1A.. Indeed, the total
circulating concentration of plasma phytoestrogens was 78
times higher in the P-600 versus the P-free animals. In the
plasma of P-600 diet-fed animals, daidzein and equol were
the major components while genistein made up the remaining fraction of the circulating level of plasma phytoestrogens. In the P-free-diet-fed group the phytoestrogens,
daidzein, genistein and equol were present but at very low
circulating levels in plasma.
3.2. Brain (mbh–poa) phytoestrogen content
In evaluating the influence of the phytoestrogen diets on
brain androgen metabolizing enzymes, the content of phytoestrogens was determined in mbh–poa samples by timeresolved fluoroimmunoassay ŽTable 1B.. In the P-600
group there was a significant 8-fold higher level of the
phytoestrogens, daidzein and genistein compared to the
P-free values, indicating that phytoestrogens pass the
blood–brain barrier in a similar manner to that of steroid
molecules.
3.3. Mbh–poa aromatase and 5a-reductase enzyme actiÕities
Since the phytoestrogen content in the brain samples
paralleled that of the P-600 and the P-free circulating
plasma values, we ascertained whether brain aromatase or
5a-reductase enzyme activities were altered by the diet
treatments ŽFig. 1.. In either case, mbh–poa 5a-reductase
activity levels ŽFig. 1, left panel. or mbh–poa aromatase
activity rates ŽFig. 1, right panel. were not significantly
altered by consumption of the P-600 vs. the P-free diets.
3.4. Calbindin and calretinin mbh–poa and amy Western
analysis

4. Discussion
4.1. Phytoestrogens, hormone-dependent diseases and CNS
effects
Substantial research attention has been devoted to phytoestrogens in recent years producing several avenues of
investigation into their putative roles in preventing a number of cancers Že.g., breast and prostate. as well as age-related disorders such as, cardiovascular disease and osteoporosis w1,3,17,33,42,43x. In contrast to the linkage of
phytoestrogens protecting against hormone-dependent and
age-related disorders, there is a clear lack of data on the
effects of phytoestrogens in the CNS. The present study
addressed this issue, in part, by quantifying androgen
metabolizing enzymes in the mbh–poa of the brain Žregions that are known to regulate important neuroendocrine
functions, reproductive endocrine physiology and sexual
behaviors. from adult male rats fed phytoestrogen-containing vs. phytoestrogen-free diets. The impetus to conduct
these studies originates from in vitro data where both the
aromatase and 5a-reductase enzyme pathways of androgen
metabolism are inhibited by phytoestrogens in reproductive tissue sites that are associated with the prevention of
hormone-dependent cancers like breast and prostate w1–
3,14,16,50x. We have therefore quantified the major enzymes involved in androgen metabolism in the brain and
additionally, have determined the influence of dietary
isoflavones on the calcium-binding proteins, CALB and
CALRET because these play important roles in regulating
intraneuronal cellular calcium w4,13,31x. CALB is present
in relatively high abundance in neurons and protects against
neurodegenerative diseases where it apparently defends
against programmed cell death. This neuroprotective
mechanism appears to be important in neurological disorders such as Parkinson’s and Huntington’s disease w13x.
4.2. Diet, plasma and brain phytoestrogen leÕels

Western analysis of the brain immunoblots revealed a
protein band by the CALB specific antibody at approximately 28,000 Da ŽFig. 2A., whereas, the CALRET antibody recognized a protein band with an apparent molecular weight of 29,000 Da ŽFig. 3A.. After the immunoblots
were scanned and quantified the following results were
obtained. The CALB results are displayed in Fig. 2B.
Independent of brain site Ži.e., mbh–poa or amy., the
abundance of CALB from male P-600 rats was significantly lower than animals on the P-free diet. Conversely,
for the CALRET results ŽFig. 3B. there were no significant
alterations in the mbh–poa tissue site, while in the amy a
similar pattern of expression was seen to that of the CALB
results. In the latter instance, amy CALRET abundance
was significantly lower in the P-600 vs. the P-free-fed
male rats. These data suggest that high levels of dietary
phytoestrogens can significantly decrease calcium-binding
proteins in rat brain.

To validate the phytoestrogen composition of the diets
utilized in this study, HPLC analysis revealed that the high
phytoestrogen diet contained 600 mgrg of total phytoestrogens, whereas, the diet lacking phytoestrogens was
below the limits of HPLC detection for phytoestrogens.
After the adult male rats were exposed to these diets for
approximately 35 days Žfrom 70 to 105 days of age. the
plasma phytoestrogen levels in the P-600 group Ž@ 2465
ngrml. were similar to those seen in adult humans on an
Asian soy-based diet Žof 20 to 40 g of soy intake per day.
w1,3x. On the other hand, the very low plasma phytoestrogen levels in the rats fed a P-free diet was similar to that
seen in adults on a Western diet where soy foods are rarely
consumed w1,3x. Given, the physiochemical similarity between phytoestrogens and estradiol it was not surprising to
find high levels of daidzein and genistein in the mbh–poa
brain sites of P-600 fed rats. These data provide evidence
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that phytoestrogens enter the lipophilic environment of the
brain, confirming an earlier report which showed that after
intraperitoneal injection of genistein and daidzein brain
levels increased within 20 min w10,42x. Equol could not be
measured in the brain tissue by TR-FIA, but it is presumed
to also be present and therefore it is reasonable to hypothesize that notably higher levels of equol occur in the P-600
brain samples.
4.3. Phytoestrogens and brain aromatase and 5a-reductase enzyme actiÕity leÕels
Although there were significantly higher levels of phytoestrogens in the plasma and brain sites of the P-600 vs.
the P-free animals, there were no significant alterations in
the brain androgen metabolizing enzymes, aromatase, or
5a-reductase between the animals on the two diets. These
data are in agreement with previous findings where brain
aromatase activity levels were unchanged in adult male
rats receiving 200 mgrg of dietary phytoestrogens vs. a
diet lacking phytoestrogens w52x. Conversely, the slight but
significant changes in brain 5a-reductase of adult animals
on a moderate phytoestrogen Ž200 mgrg. vs. a diet free of
phytoestrogens we reported previously w52x were not observed in the present study when a high phytoestrogen diet
Ž600 mgrg. was examined. One explanation for the difference in these results may be the relative variability of brain
5a-reductase enzyme activity rates we have seen in animals on phytoestrogen-free diets Žunpublished data. vs.
stable brain 5a-reductase levels in animals on phytoestrogen-containing diets w52x. While phytoestrogens inhibit
aromatase and 5a-reductase Žexamining in vitro systems.
w2,14,16,50x, it is known that the factors regulating brain
aromatase are quite different w21,35x, while the regulation
of 5a-reduction in brain is unknown w5,20x. There is
evidence showing pharmacological doses of genistein injected into rats prenatally, increase sexually dimorphic
nuclear volumes in female offspring to male-like patterns
w8,9x, however, it is not known if dietary phytoestrogens
have any effects on the genesis of the CNS.
4.4. Dietary phytoestrogens and brain calbindin and calretinin leÕels
It has been hypothesized that calcium-binding proteins
perform a critical role in the process of programmed
neuronal cell death because of their ability to regulate
intracellular calcium w4,13,31x. It has been postulated that
the primary function of calcium-binding proteins is to
buffer intracellular calcium levels, thus functioning as a
neuroprotective agent against premature apoptosis
w4,13,31x. When neurons are exposed to toxic levels of
calcium, it is thought that cells expressing sufficient levels
of CALB experience less neurodegeneration than cells in
areas where CALB is less abundant w13x. Thus, the concept
that calcium plays an important role as sculptor and destroyer of neural circuitry has been clearly established w31x.
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Previously, experimental evidence was presented showing that CALB Žand CALRET., specifically in the mbh–
poa, is expressed in the rat in a dimorphic fashion w22,29x.
Males displayed significantly greater levels than females
and that these differences in calcium-binding protein levels
may be involved in the establishment of sexually dimorphic brain structures w22x. Moreover, the expression of
CALB during prenatal development is regulated by testosterone in a positive manner w51x and CALB is colocalized
with the aromatase enzyme within sexually dimorphic
hypothalamic structures during perinatal development w28x.
Furthermore, we have shown that CALB mRNA levels are
quite abundant in the mbh–poa region of rats compared to
other brain regions such as the hippocampus or cerebellum
w27,48x. Therefore, due to the functional significance of the
hypothalamic region and the importance of calcium-binding proteins in neuronal protectionrsurvival, we examined
the effects of phytoestrogen diets on mbh–poa and amy
CALB and CALRET levels by Western analysis.
In this study, adult male rats fed a phytoestrogen diet
Žof 600 mgrg; essentially equivalent to a typical Asian
diet, based on the obtained plasma phytoestrogen levels.
displayed a significant reduction in mbh–poa CALB levels
compared to animals fed a phytoestrogen-free diet. This
inhibition by high dietary phytoestrogens was also seen in
the amy for both CALB and CALRET, indicating that
dietary phytoestrogens may reduce calcium-binding proteins in different brain sites. However, significant alterations in mbh–poa CALRET were not observed by Western analysis and the reason for the lack of a treatment
effect in this brain site is unknown. Notably, the inhibition
of mbh–poa CALB by dietary phytoestrogens in the present study was somewhat expected since we recently reported similar findings in prenatal female Žbut not male.
animals fed a moderate phytoestrogen diet Ž@ 200 mgrg.
vs. a phytoestrogen-free diet w49x.
It is not known exactly how CALBrCALRET expression is inhibited by phytoestrogens. Nevertheless, it is
intriguing to speculate that the relative high affinity phytoestrogens have for ERbs may: Ža. influence gene expression or Žb. block endogenous estrogen signals w18x, that
may result in decreasing CALB expression. Regulation of
CALB gene expression by estrogen via a 5X flanking
region mechanism is known w11x. Although, the complex
nature of ERb variants expressed in various brain sites in
modulating the hormonal action of phytoestrogens is unknown and will require labor-intensive research efforts to
unravel the pathways of signal transduction via the different forms of ERb receptors w19,36,37x. Another possible
explanation for reduced brain CALB expression may be
due to decreased circulating plasma testosterone levels in
the P-600 vs. the P-free animals Žunpublished data.. A
positive correlation between testosterone and CALB levels
has been established during prenatal development w51x.
In summary, these data suggest that dietary soy phytoestrogens, or the lack thereof, for a relatively short interval

130

E.D. Lephart et al.r Brain Research 859 (2000) 123–131

can significantly influence brain calcium-binding proteins
in adult male rats. While dietary soy phytoestrogens have
been linked to protecting against hormone-dependent cancers and age-related disease w1,3,17,33,42,43x, the present
findings have important implications on the neuroprotective effects of calcium regulating molecules in the brain.
This may be of importance during pre- and postnatal
development and especially in aging. Whether these observations in rats have relevance to humans is not known, but
are important to establish. There is some interest now in
the possible role of phytoestrogens on cognition, memory
and dementia, given the potentially beneficial effects of
estrogen therapy in this area w12,32,46,47x. Likewise, there
is some evidence suggesting a link between high cerebrovascular mortality rates in the Japanese population being associated with high consumption of plant products
w40x. Clearly, the scarcity of data regarding the effects of
phytoestrogens on CNS developmentrfunction justifies
further research given the recognized importance of estrogen in the brain w12,32,46,47x.
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