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Abstract: The expected prevalence of Alzheimer's disease (AD), the most common neurodegenerative 
disease triggered by aging, has become a critical problem. Although the cause is clear, accumulation of 
amyloid-β (Aβ), we still cannot totally cure this disease. Hence, it is essential to prevent the symptoms 
that have appeared. Α number of studies have reported that soybean supplementation prevents cogni-
tive dysfunction. Besides being a rich source of vegetable proteins, soybean contains other functional ingredients such as 
phytoestrogens, oligosaccharides, and dietary fibers. Εspecially, recent studies suggested greater functions with green 
soybean. Comprehensive analysis of gene expression in the brains of mice that ingested soybean using high-density oli-
gonucleotide microarray suggests that an increase of an endogenous Aβ-chaperone, lipocalin-type prostaglandin D2 syn-
thase (Ptgds), leads to suppressed Aβ accumulation, resulting in the prevention of cognitive dysfunction. Here we will re-
view relevant patents and estimated effective components and underlying mechanisms of soybeans, suggested by compar-
ing effects of green and yellow soybean breeds to mice. 

Keywords: Aging, amyloid-β accumulation, amyloid chaperone, cognitive function, green soybean, prostaglandin D2 synthase, 
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1. INTRODUCTION 

 Besides containing nutrients such as proteins, lipids and 
carbohydrates, soybean (Glycine max L.) has several benefi-
cial physiological functions. For example, soy proteins re-
duce blood pressure; they also reduce the neutral lipid and 
total cholesterol in the blood [1-3] by decreasing de novo 
synthesis in the liver [4]. Phospholipid, an abundant lipid in 
soybean, also reduces the neutral lipid and total cholesterol 
in blood [5, 6]. Soybean oligosaccharides cause the prolifera-
tion of the intestinal beneficial bacteria, bifidobacteria and 
lactobacilli [7, 8]. Isoflavones, which are polyphenolic com-
pounds, making up only 0.2% of dried soybean, are also an 
important component with a number of functions; actually, 
soybeans and soy products are the richest sources of isofla-
vones among the human diet [9]. Isoflavones include a class 
of phytoestrogens, which are capable of exerting estrogen-
like effects, because of their structural similarity with estra-
diols, such as 17β-estradiol, the most abundant circulating 
estrogen [10, 11]. The isoflavones can interact with estrogen 
receptors and mediate estrogenic responses; hence they are 
considered as the most bioactive components in soybean, 
and thus many studies have been conducted to assess their 
cognitive function [12] and benefit in alleviating menopausal 
symptoms [13, 14], cancer [15-19], heart disease [13], osteo-
porosis [14, 20, 21], metabolic syndrome [22], and 
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rheumatoid arthritis [23]. In addition, a patent of soybean 
isoflavones for improving memory of mouse has been re-
ported [24].  
 This review focuses on the effect of soybean compo-
nents, mainly isoflavone, on brain aging and amyloid-β 
(Aβ) accumulation. Aging is the principal risk factor for Alz-
heimer's disease (AD), the most common neurodegenerative 
disease, and a major cause of AD is the accumulation of Aβ 
that induces neuronal loss and cognitive impairment. As the 
number of elderly people is rapidly increasing worldwide, 
the expected prevalence of AD would be a critical health 
problem. Since AD cannot yet be completely cured at pre-
sent, prevention of the disease by avoiding accumulation of 
Aβ is essential.  

2. BRAIN AGING 

 Aging is a promoting factor of senescence and several 
diseases such as cancer, lifestyle-related diseases, cardiovas-
cular disease and dementia. Although genetic factors are 
involved in senescence, the main cause of senescence is a 
decrease in biological functions with aging: i.e., decreased 
immune capacity, changes in metabolism, and mutation or 
chemical modification of biopolymers or their deposition in 
tissues [25-27]. Additionally, some posteriori factors are 
heavily involved during senescence, including the accumula-
tion of damage caused by reactive oxygen species (ROS). 
Since the progression of senescence is greatly affected by 
those factors, even at the same age, the degree of senescence 
may differ.  
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 In addition, the levels of hippocampal neurogenesis de-
crease steadily along with aging [28]. During senescence, 
brain weight decreases. However, the number of neurons in 
non-demented control subjects is stable across the sixth to 
ninth decades, even though more than 50% of the superior 
temporal sulcus neurons were lost in AD [29]. Therefore, the 
decrease in brain weight is primarily due to a decrease in 
dendrites and myelinated axon fibers, rather than a decrease 
in the number of nerve cells. 
 Brain makes up only 3% of the body weight, but it con-
sumes 20-25% of the total oxygen and glucose. Lowering 
cerebral blood flow reduces brain function; this can be 
caused by cardiopulmonary function, arteriosclerosis, and 
decreased capillary density [30]. Besides, the metabolism of 
nerve cells is also reduced by aging [31]. 
 An exhaustive transcriptome analysis in the brain of hu-
mans between 26 and 106 years of age demonstrated that 
patterns of gene expression changed significantly upon age 
[32]. Genes relating to synaptic plasticity and vesicle trans-
port reduces their expression levels by aging; also, those 
relating to mitochondrial functions are reduced. On the other 
hand, genes involved in stress response, antioxidative activ-
ity, and DNA repair were elevated upon age. Thus, damage 
to the elderly brain may cause the loss of brain functions. 

MODEL MOUSE FOR BRAIN AGING 

 A group at Kyoto University in Japan has produced some 
series of model mouse for aging researches [33]. The senes-
cence-accelerated mice (SAM) are inbred mice exhibiting 
shorter lifespan and various senescence-related symptoms. 
SAM strains are a group of related inbred strains developed 
by crossbreeding between the AKR/J strain and a few other 
strains. Senescence-prone inbred strains (SAMP) and senes-
cence-resistant inbred strains (SAMR) display accelerated 
senescence and normal aging, respectively. Substrains of 
SAMP mice had been established based on pathological 
phenotypes such as amyloidosis and immune system defi-
ciency (SAMP1) [34, 35], osteoporosis (SAMP6) [36], ac-
celerated deficits in learning and memory (SAMP8) [37], 
and deficits in learning and memory with brain atrophy 
(SAMP10) [38]. We can expect to investigate fundamental 
mechanisms of age-related cognitive dysfunction through 
studies using those model animals. 
 Among SAMP strains, SAMP8 and SAMP10 mice show 
age-related behavioral deterioration such as deficits in learn-
ing and memory, emotional disorders (reduced anxiety-like 
behavior and depressive behavior) and altered circadian 
rhythms associated with certain pathological, biochemical 
and pharmacological changes [39].  
 SAMP8 mice showed similar changes in AD brains in 
humans, namely the deposition of Aβ protein [40]. Age-
related increases were observed in the levels of Aβ in the 
hippocampi of SAMP8 mice from 4 to 12 months of age [41, 
42]. SAMP8 mice display many features that are known to 
occur early in the pathogenesis of AD such as increased oxi-
dative stress, Aβ alterations, and tau phosphorylation. There-
fore, SAMP8 mice are considered to be an excellent model 
for studying the earliest neurodegenerative changes associ-
ated with AD [43-45]. 

 SAMP10 mice exhibit brain atrophy in the frontal region 
and cognitive dysfunction with aging, showing characteris-
tics close to physiological brain senescence of humans [46]. 
Thus, brain atrophy in the prefrontal cortex and a decrease in 
learning and memory abilities can be observed in many eld-
erly people. On the other hand, the degree of atrophy is less 
in elderly people who are active and healthy, suggesting the 
importance of suppressing brain atrophy. Since the lifespan 
of a mouse or rat is as short as 2-3 years, atrophy in the brain 
cannot be fully observed in these model animals. Using 
SAMP10 mice, studies on brain atrophy have just started. 
The level of superoxide was measured in the brain of 
SAMP10 and was compared with the level of SAMR1 [47]. 
The results showed that ROS generation was higher in the 
aged mouse brain than in the young brain, and increased 
with additional aging. The increased ROS generation may 
further accelerate senescence. The level of Aβ accumulation 
was higher in aged SAMP10 than in age-matched SAMR1 
(control mice) and young SAMP10 mice (unpublished data).  

Aβ  ACCUMULATION AND AD 

 Under normal conditions, Aβ should be produced and 
degraded with an equivalent manner, whereas dysmetabo-
lism of Aβ seems to lead to pathological deposition upon 
aging [48]. Monomeric Aβ has no known direct toxicity, and 
is immediately catabolized under normal conditions. In con-
trast, soluble Aβ oligomers are well known as the most toxic 
form of Aβ [49, 50]. Insoluble Aβ has relatively low toxicity, 
and insolubilization process has been proposed to be an in 
vivo mechanism for the removal of soluble Aβ. In recent 
years, an altered balance between production and clearance 
is considered to be responsible for the accumulation of brain 
Aβ. Aβ 1-42 (Aβ42) aggregates more readily than Aβ 1-40 
(Aβ40), and is thought to seed the formation of fibrils, which 
then act as templates for plaque formation. Increased brain 
levels of Aβ appear to be a critical event in triggering a wide 
range of molecular alterations leading to AD. 
 Besides the correction of Aβ-dysmetabolism, an increase 
of endogenous Aβ-chaperone should lead to suppression of 
Aβ-induced neuronal dysfunction, resulting in the prevention 
of cognitive dysfunction. Lipocalin-type prostaglandin D2 
synthase (Ptgds) is a major endogenous Aβ-chaperone in the 
brain [51]. In addition, some molecular chaperones, such as a 
human Brichos domain, peptidyl-prolyl isomerase and 
DNAJB6, have been reported to regulate pathogenic protein 
multimerization and toxicity of Aβ [52-54]. Endogenous Aβ-
chaperones are considered to help maintain protein homeo-
stasis by selectively suppressing the toxic effects of protein 
misfolding and aggregation. 

GREEN SOYBEAN 

 In many of soybean breeds, seeds are colored green be-
fore harvesting, and become yellow during ripening. How-
ever, some soybean breeds retain the green color of the seed 
coat cotyledon even after completely drying. Here we distin-
guish those green soybean from Edamame, which are imma-
ture soybeans and light green in color. In recent studies, 
compared to yellow soybeans, which are the most abundant 
soybean breeds and have mainly been studied, green soy-
beans have been reported to have extra effects: an immune-
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modulating effect [55], an anti-inflammatory effect [56] and 
an effect on cognitive function [57].  
 To investigate the mechanisms of effects of green soy-
beans, Japanese cultivars of green soybean (‘Echigomidori’) 
and yellow soybean (‘Fukuyutaka’) were used on cognitive 
function in SAMP10 mice [57]. In this study, water-soluble 
portions of the soybeans were investigated: soybeans 
crushed into a powder were dispersed in distilled water by 
stirring at 90˚C for 2 h, filtered, and freeze-dried and used as 
the soybean extract [57]. 
 The soybean extracts contain proteins, sugars, lipids and 
isoflavones. Crude sugar and isoflavones were significantly 
higher and crude protein and fat were significantly lower in 
green soybean than in yellow soybean [52]. Isoflavones in 
soybean extract were mostly glycosides (bound to a sugar 
molecule) such as genistin and daidzin Fig. (1). The levels of 
genistein and daizein, aglycones of genistin and daidzin, 

respectively, were very low or were not detected Fig. (2a). 
The content of oligo sugars and dietary fiber were signifi-
cantly higher in green soybean than in yellow soybean Fig. 
(2b). The contents of saponine and carotene in green soy-
bean were slightly higher than in yellow soybean. The con-
tents of other components were not different between green 
and yellow soybeans [57]. 

COGNITIVE FUNCTION AND GENE EXPRESSION 
IN BRAIN OF MICE INGESTED SOYBEAN EX-
TRACT 

A step-through passive avoidance task was carried out us-
ing 11-month-old mice, by measuring learning time [57]; a 
longer learning time implies lower learning ability. The 
learning ability of SAMP10 mice was significantly lowered 
in aged mice. However, the learning time was significantly 
shorter in mice fed with green soybean extract than same 
aged mice of other groups Fig. (3). The patent for suppres-

 
Fig. (1). Structure of soy isoflavones. 
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sion of cognitive dysfunction by green soybean and its ex-
tract has been obtained [58]. To investigate the effect of 
green soybean ingestion on brain gene expression, the hip-
pocampus was applied to transcriptome analysis using 
high-density oligonucleotide microarrays (full set of data 
has been deposited in Gene Expression Omnibus: accession 
code: GSE58811). On two-way ANOVA, (p < 0.001) 1437 
genes were found to be significant. Besides the large num-
ber of “positive” genes, only limited ones showed large 
expressional alterations; 36 were up and 18 were down by 
1.41 fold: i.e., more than 0.5 or less than -0.5 in log2 ratio 
scale Fig. (4). However, there were several outliers: for 
example, in Ptgds, which is involved in neuronal protection 
[51, 59, 60], the level was almost doubled, and in Aplp1, a 

member of amyloid precursor protein, the level was de-
creased to one fifth. Thus, the different breeds altered only 
limited genes with high contrast; this suggests no possible 
side-effect. Top 6 genes that were up- or down-regulated 
following green soybean ingestion are summarized in  
Table 1. 

AMYLOID β  IN AGED BRAIN OF SAMP10 THAT 
INGESTED SOYBEAN EXTRACT 

Since Ptgds has been reported to be a major endogenous Aβ-
chaperone in the brain [51], brain Aβ was measured to exam-
ine whether increased expression of Ptgds affect Aβ accumu-
lation. The amount of Aβ40 and Aβ42 was measured using 

 
Fig. (2). Isoflavones (a) and soya-oligosaccharides and dietary fiber (b) in green and yellow soybean extracts are shown. Each bar represents 
mean ± SEM (n = 2-3, * p<0.05).  
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homogenates of the cerebral cortex from 12-month-old 
SAMP10 mice that ingested soybean extracts. As Aβ in 
soluble fractions were quite low, differences were difficult to 

be detected Fig. (5). However, both Aβ40 and Aβ42 were 
significantly lower in insoluble fractions in mice fed green 
soybean than yellow soybean or mock control. 

 
Fig. (3). Effect of intake of green and yellow soybean extracts on learning ability of young (6 months) and aged (11 months) SAMP10 mice. 
Mice fed a normal diet (CE-2; Clea, Tokyo, Japan) containing 3% soybean extract. Learning time depicts the time needed to learn not to 
enter the dark room. A longer learning time implies lower learning ability. Each column represents the mean ± SEM. (n = 5-17, * p<0.05).  

 
Fig. (4). Histogram of log2 ratio. Expression levels were compared comprehensively between brains of mice that fed a diet containing 3% 
green and yellow soybean extracts; positive values show stronger expressions in those fed with green ones. Most of the genes did not show 
large alterations, gathering at the mode of distribution. However, there were some outliers, although the numbers were too small to be detect-
able in this histogram.  
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ISOFLAVONES IN SOYBEAN 

 In soybeans, isoflavones are present as glycosides, which 
contain sugar attached to the molecule. Fermentation or di-
gestion of soybeans or soy products results in the release of 
the sugar group from the isoflavone glycoside, leaving an 
isoflavone aglycone. Soy isoflavone glycosides are called 
genistin, daidzin, and glycitin, while the aglycones are called 
genistein, daidzein, and glycitein. Effective absorption of 
genistin and daidzin, the main isoflavone glycosides in soy-
bean, requires the conversion to aglycones by intestinal flora 
[61]. Additionally, soy isoflavones are known to have 
weaker estrogenic or hormone-like activity. The soy isofla-
vone daidzein may be metabolized in the intestine to equol, a 
metabolite that has greater estrogenic activity than daidzein. 
Individual differences in the metabolism of isoflavones 
could have important implications for the biological activi-
ties of these phytoestrogens [62]. 

 Estrogens are signaling molecules that exert their effects 
by binding to estrogen receptors within cells. The estrogen-
receptor complex interacts with DNA to change the expres-
sion of estrogen-responsive genes. Estrogen receptors are 
present in numerous tissues including bone, liver, heart, and 
brain. The extent to which soy isoflavones exert estrogenic 
and anti-estrogenic effects in humans is currently the focus 
of considerable scientific research. In tissues other than 
brain, there may be other effects that were not detected in the 
study. 

ISOFLAVONES AND Aβ 

 Soybean isoflavones, especially glycitein and genistein, 
are reported to have anti-amyloidogenic effects by directly 
binding to the Aβ monomer or oligomer in vitro [63]. How-
ever, the effect of isoflavones requires concentrations of at 
least 250 µM in their in vitro system. Although the levels of 
isoflavones in the central nervous system have never been 

Table 1. Effect of soybean ingestion on gene expression in hippocampus. 

 Symbol Full name ΔZ p 

Up- Krtap4-13 keratin associated protein 4-13 0.445 7.68E-04 

regulated Rps2 ribosomal protein S2 0.422 2.45E-03 

  Ptgds prostaglandin D2 synthase (brain) 0.396 5.46E-11 

  Krtap5-3 keratin associated protein 5-3 0.333 1.54E-04 

  Scn9a sodium channel, voltage-gated, type IX, alpha 0.299 3.25E-03 

  Nrbf2 nuclear receptor binding factor 2 0.284 2.92E-04 

Down- Aplp1 amyloid beta (A4) precursor-like protein 1 -0.943 1.06E-14 

regulated ATP6 ATP synthase F0 subunit 6 -0.442 2.44E-03 

  Nr4a1 nuclear receptor subfamily 4, group A, member 1 -0.348 2.80E-14 

  Gm12191 ribosomal protein L30 pseudogene -0.311 4.46E-03 

  Egr1 early growth response 1 -0.305 8.86E-09 

 Rpl29 ribosomal protein L29 -0.299 9.89E-04 

ΔZ = expression level (green - yellow). 
 

  
Fig. (5). The amount of soluble and insoluble Aβ40 and Aβ42 in the cerebral cortex of mice that ingested a diet containing 3% green and 
yellow soybean extracts and control mice. Each bar represents mean ± SEM (n = 3, * p<0.05).  
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reported in animals fed isoflavones, the concentration of 
isoflavones is unlikely to be higher than 10 µM in habitual 
dietary conditions. Therefore, an indirect effect of isofla-
vones on Aβ through an estrogen receptor is more convinc-
ing than direct binding to Aβ. Since the expression of Ptgds, 
a major endogenous Aβ-chaperone in the brain, is regulated 
by estradiol directly and indirectly [64-66], soybean isofla-
vones may suppress the accumulation of Aβ through an in-
creased level of endogenous Aβ-chaperone. 
 In an experiment using green soybean, isoflavone gly-
cosides ingested in mice fed with green and yellow soybeans 
were about 30 mg/kg/day and 20 mg/kg/day, respectively. 
The difference in isoflavone glycosides between green and 
yellow soybeans could not fully explain the difference of 
learning ability and Aβ accumulation. The estrogenic effects 
of isoflavones can be attributed to the aglycones. When 
isoflavone glycosides were provided, effective absorption of 
genistin and daidzin depended on the conversion to agly-
cones by intestinal flora [61]. The alleviating effects of soy-
bean isoflavone aglycones on Aβ-induced  synaptic damage 
[67-69] have been reported at 80 mg/kg/day in rats. The 
higher learning and memory abilities than the control were 
suggested through the regulation of acetylcholine esterase 
and β-secretase in SAMP8 mice fed isoflavone aglycones at 
50-100 mg/kg [70]. In mice treated with D-galactose, the 
attenuating effect at low dose isoflavone aglycones, 0.1-2.5 
mg/kg, was reported on oxidative stress and aging [71]. Pat-
ents of soy isoflavones for prevention of AD have been sub-
mitted [72, 73]. However, it is not unclear how much isofla-
vone aglycone is needed to prevent Aβ-related phenomena in 
the brain. 
 Since the production of aglycones depends on the activity 
of intestinal flora, activation of intestinal flora may help to 
increase isoflavone aglycones. Oligo sugars activate Bifi-
dobacterium in intestinal flora [74]. The additive effect of 
soya-oligosaccharides and dietary fiber, which are higher in 
green soybean than in yellow soybean, may help to increase 
isoflavone aglycones. While neuroprotective effects of 
isoflavones have been demonstrated in animals and culture 
cells, the effects in humans are inconclusive [12]. Further 
investigations on the activation of soy isoflavones are needed 
to assess the neuroprotective effect of soybeans in humans. 

CURRENT & FUTURE DEVELOPMENTS 

 Green soybean contained significantly higher crude sugar 
and isoflavones. It showed higher effects on learning ability 
of mice. Comprehensive analysis of gene expression in the 
brain hippocampus using high-density oligonucleotide mi-
croarray showed significant expressional changes in several 
genes, including increased level of an endogenous Aβ-
chaperone, Ptgds, and decreased level of a precursor of amy-
loid protein, Aplp1. Both Aβ40 and Aβ42 were significantly 
lower in insoluble fractions in mice fed with green soybean 
than yellow soybean. Since the expression of Ptgds is regu-
lated by estradiol directly and indirectly, soybean isoflavones 
may suppress Aβ accumulation in aged mice by increasing 
the level of endogenous Aβ-chaperone, and this could result 
in the prevention of cognitive dysfunction. Additionally, the 
conversion of soy isoflavone glycosides to aglycones by in-
testinal flora is critical for the effective absorption of isofla-

vones. Therefore, oligosaccharides of green soybean may 
have synergy effect by activating the intestinal flora that 
increase uptake of isoflavone aglycones.  
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