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Abstract. 
Genistein is a phytoestrogen, particularly abundant in soybeans, that is able to bind 

estrogen receptors exerting both estrogenic and antiestrogenic activity. Genistein is 

largely present in the human diet even during pregnancy. Embryos and fetuses are 

therefore, commonly exposed to genistein during the development and after birth. In the 

present study, we used a murine model as a test end-point to investigates the effects of 

early exposure to genistein on adult male behavior and related neural circuits. Exposure 

of dams to genistein (100µg/g of body weight) daily during late pregnancy and early 

lactation, produced in male offspring, when adults, significant changes in anxiety 

behavior and statistically significant variations in the number of neuronal nitric-oxide 

synthase positive cells in the amygdala. In conclusions, these data indicate that early 

exposure to phytoestrogens may induce life-long effects on the differentiation of brain 

structures and behaviors. 

 
Key words: Phytoestrogens; brain development; nitric oxide synthase; anxiety. 
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1. INTRODUCTION  

 

Genistein is a phytoestrogen (estrogen-like chemical compounds produced by plants, 

specially abundant in soy beans) that binds to estrogen receptors (ERs) and has both 

estrogenic and anti-estrogenic effects [1]. The main classes of phytoestrogens are the 

isoflavones (genistein, daidzein, glycitein, equol and biochanin A), the lignans 

(enterolactone, enterodiol), the coumestanes (coumestrol), the flavonoids (quercetin, 

kaempferol), the stilbenes (resveratrol) and the mycotoxins (zearalenol) [2]. In 

particular, genistein is able to bind both ERs with a similar affinity. However, ER beta 

is more efficient than ER alpha in recruiting coactivator proteins in vitro when genistein 

or other xenoestrogens are bound to it [3]. 

Estrogens and/or androgens mediate the sexual differentiation of brain and behavior [4, 

5]. In fact, gonadal steroid hormones may exert permanent organizational effects on 

several developing neural circuits. These effects are directly reflected on adult sexually 

differentiated behaviors and functions [6]. 

According to the organizational hypothesis, gonadal hormones act during an early 

sensitive period (critical period) during which the sexual differentiation of brain circuits 

takes place. The effects of gonadal steroids during this sensitive period are generally 

permanent, and, in many cases, these sexually differentiated neural substrates are 

controlled in adulthood by the appropriate gonadal steroid (activational effect) to 

produce stereotypic sexually differentiated behaviors or functions [7]. For that reason, 

the exposure to exogenous androgens or estrogens, like genistein, during the critical 

period of development, could have several long-term consequences on the nervous 

system of males and females, as well as on related behaviors [8, 9]. These effects have 

been observed in several species from different vertebrate’s classes [10, 11]. 

Among phytoestrogens, genistein is particularly abundant and it is a common 

component of normal diets. In addition, phytoestrogens and genistein are highly present 

in plant-based dietary supplements, such as milk substitutes based on soy formulas for 

infants that are intolerant to cow protein-based formulas [8]. 

Because of normal food consumption, in human beings, genistein is largely present in 

the diet even during pregnancy and lactation [12]. Through the placenta or the milk, this 
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compound may reach embryos, fetuses, and newborns that are, therefore, commonly 

exposed to genistein during all the phases of the development [13, 14]. 

The endocrine disrupting potential of phytoestrogens was first noticed in Australia in 

the 1940s when abnormally high rates of infertility, abortion, and reproductive 

abnormalities in newborn lambs were observed in ewes grazing on clover rich pastures. 

It was ultimately determined that coumestrol (a phytoestrogen) was responsible for the 

observed effects [15]. Decades later, a singular case of infertility and liver disease in 

captive cheetahs placed on a soy-based diet was ultimately attributed to the same class 

of compounds [16]. In parallel with these indications of adverse effects, there are many 

evidences and studies about beneficial effects of phytoestrogens during the adult life. In 

particular, genistein or other phytoestrogens are commonly used as hormone-

replacement therapy during menopause [17, 18]. 

In animal models, previous studies, have suggested the influence of dietary soy 

phytoestrogens on anxiety-related [9, 19], aggressive [20], and sexual behavior [21, 22]. 

The enzyme neuronal nitric oxide (NO) synthase (nNOS) seems to be deeply involved 

in the control of these and others behaviors, as demonstrated by studies using nNOS-

KO mice [23, 24] or using specific inhibitors of nNOS [25, 26]. Finally, a large number 

of studies demonstrated close relationships between estrogens and NO producing 

system (for a review see [27]).  

In the present study, we wondered if perinatal exposure to genistein (during late 

pregnancy and early lactation) may induce alterations of estrogen-dependent adult 

behaviors and NO-producing brain circuits implicated on the control of these behaviors. 
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2. MATERIALS AND METHODS   
 

2.1. Animals and Experimental design 
 

Ten one month-old CD-1 (Mus musculus domesticus) male mice and sixteen female 

mice were purchased from Harlan laboratories (Milan/ Italy) and placed in the animal 

house for two weeks. Six week-old virgin females were placed into the cage of a stud 

male (two females per each male), until they mate as indicated by the presence of a 

vaginal plug (generally 3-5 days). After mating, pregnant females were randomly 

housed in 3 groups (3-4 per cage, 45x25x15 cm) corresponding to the control treatment 

and the two different hormonal treatments. They were maintained in a 12:12 light/dark 

cycle (lights on at 8:00 am - lights off at 8:00 pm). The animal room was kept at 22 ± 2 

°C. Food and water were provided ad libitum (standard mouse chow 4RF25-GLP with 

certificated non-detectable estrogenic activity, i.e. lower than 20µg/kg of DES 

equivalent, Mucedola srl, Settimo Milanese, Italy). 

One week after the detection of vaginal plug, females were trained daily to suck water 

from a pipette. This training ensured that the treatment procedures were not stressful. 

Female mice were subjected to the following treatments administered daily from day 11 

of gestation to day 8 post partum (corresponding with the critical period in which sexual 

differentiation of neural circuits is determined in rodents [28]): a) control, receiving 

only the solvent (sesame oil, cat. Number S33547, Sigma-Aldrich, Milano, Italy); b) 

GEN5, receiving 5µg of genistein/g body weight diluted in sesame oil (Genistein, cat. 

number G6649, Sigma–Aldrich, Europe, Italy); c) GEN100, receiving 100µg of 

genistein/g body weight diluted in sesame oil. 

The dams gave birth on day 21 of pregnancy, which is postnatal day (PND) 1. At the 

end of the treatment, the body weight of the females was not differing among the 

groups. 

When offspring were 3 week-old (PND21) we separated pups from their mothers. One 

or two randomly chosen male pups from each mother were utilized for the behavioral 

and immunohistochemical analysis (a total of 12 males for control group, and 9 male for 

GEN5 and GEN100). The offspring were housed in groups of 3-5 males in 45x25x15 

cm polypropylene mouse cages at 22±1°C, under a 12:12 light/dark cycle (light on at 
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10:00 am). Food and water were available ad libitum (standard mouse chow 4RF21, 

Mucedola srl, Settimo Milanese, Italy). 

At PND 70 we started the behavioral tests, and one week after the last test (PND 97), 

animals were sacrificed. At the beginning of behavioral tests, the body weight of 

animals was not differing among the groups. For the histological analysis we choose 6 

animals per each group based on the behavior displayed so that subjects in all groups 

were representative of the distribution of behavioral responses.  

Animal care and handling were according to the European Union Council Directive of 

24th November 1986 (86/609/EEC); the Italian Ministry of Health and the Ethical 

Committee of the University of Turin approved all the procedures reported in the 

present study  

 

2.2. Behavioral tests  
The aim of our tests was to evaluate anxiety [29], aggressive [30], and sexual [31] 

behaviors in our males born from treated or untreated mothers.  

Each animal was subjected to all tests, with a period of 10 days between one test and the 

next, with the exception of the two tests for anxiety that were performed in the same 

day. One day before each test, the animal was weighted. One hour before the test 

(around 9 a.m. at the end of the dark cycle), the cage with 3-5 animals was transferred to 

the experimental sound-proof room (dark and temperature controlled, at 22±1°C) and 

took back to the animal house when the test ended. Every test has been recorded by a 

VHS camera (Handycam DCR-TRV145, Sony, Japan), directly connected to a 

MacBook computer and performed with the experimenter out of the animal’s sight. 

 

2.2.1. Anxiety behavior tests 
The levels of anxiety were determined by two different tests (elevated plus maze and 

open field) based on thigmotaxis, i.e. the natural aversion of rodents for open spaces. 

 

2.2.1.1. Elevated Plus Maze (EPM)  

The device is a cross-shaped maze made in plexiglas, with two open arms (30x5x0.3 

cm) and two closed arms (30x5x15cm), extending from a common central platform 

(5x5 cm), elevated 60 cm from the floor. Open arm exploration was encouraged by the 

inclusion of a slightly raised edge (0.3 cm) around the perimeter.  
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The mouse, removed from its home cage, is placed in the center of the apparatus, facing 

on open arm, and its behavior is video-recorded for 5 minutes. Tests were performed 

between 8.00 a.m.-11.00 a.m. Before placing each animal, the maze was cleaned with 

deionized water, 2% alcohol, and deionized water again, in order to eliminate the 

possible bias due to the smell left by the previous animal. 

Conventional behaviors were scored by means of the software Ethovision (Noldus 

Information Technology, Inc.). These include the total time spent in the open arms, the 

total time spent in the closed arms, the number of entries into the open arms and the 

number of entries into the closed arms 

 

2.2.1.2. Open Field Test (OF) 

The device consists in an empty square floor made of dark Plexiglas (40x40 cm), 

divided in 2 zones, center (a square of 18x18 cm) and periphery, surrounded by walls to 

prevent animals from escaping. Each mouse was placed in the periphery of the open 

field and allowed to freely explore the space for 10 minutes while it was video-

recorded. The experimenter was always out of the animal’s sight. After each run, feces 

were counted and removed and the arena has been thoroughly wiped (deionized water, 

then 2 % alcohol, then deionized water again). Conventional behaviors were scored by 

means of the software Ethovision (Noldus Information Technology, Inc.). These 

include: distance (in cm) covered in the central as well as in the peripheral zone (total 

distance covered was the sum of the two), and the time spent in the central and in the 

peripheral zone. This test was performed the same day of the EPM, between 6.00 p.m.-

9.00 p.m. 

 

 

2.2.2. Aggressive behavior test (neutral cage test) 
 

Ten days after the anxiety test, each male mouse was subjected to the neutral cage test 

(an opaque box of 30x30 cm) between 06:00 p.m. and 09:00 p.m. One experimental and 

one unfamiliar opponent mouse were left physically interact within the neutral cage 

while video-recorded. Opponent mice were CD1 males (similar in weight and age to the 

experimental ones and housed in groups of 3 in the same conditions) that did not receive 

any treatment and that were bought specifically for this purpose. The experimental 

mouse was always introduced as first, and the opponent as second, each one on the 
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opposite corners of the box. Each experimental mouse was tested once only. Test 

duration (15 minutes) was timed after 5 minutes of social interaction, and video-

recorded. Videos were scored by a trained observer, who remained blind to treatment 

conditions, using the freeware JWatcher, V. 1.0 [32]. At the end of each test, the box 

was cleaned with deionized water, 2% alcohol and deionized water, and the sawdust 

was changed.  

Observed behaviors were scored according to Ferrari et al. [30]. In particular, for the 

offensive behaviors we scored the latency to attack (i.e. time from initial contact to first 

attack), the number of attack (forward motion toward the opponent combined with 

direct physical contact), chase (going after the opponent) and aggressive-grooming 

(strong and persistent allo-grooming). We have also considered defensive/subordination 

and avoidance behaviors that were scored as: number of flight (rapid escape from the 

opponent), immobility-attack related (being immobile during an attack by the 

opponent), immobility-contact related (being immobile while the opponent is in 

physical contact but is not attacking), and on the back (lying motionless on the back 

with ventral surface exposed to the opponent).  

 

 

2.2.3. Sexual behavior test 
 

Ten days after the neutral cage test, male mice were tested for sexual behavior in a 

transparent 15x30 cm plexiglas box equipped with a mirror placed at 45° under the box, 

in order to allow ventral viewing [31]. Tests were performed between 06:00 and 08:00 

p.m. 

Male mice were tested only once for sexual behavior during a 30-min test starting when 

an unfamiliar female mouse in estrus (determined by vaginal smears) was placed into 

the cage and video recorded. For each male, the latency (i.e. time from the beginning of 

the test to the first attempt) and number of attempted mounts (including head mounts), 

as well as the latency (i.e. time from the beginning of the test to the first full mount) and 

number of mounts, were recorded.  

After each single test, the box was cleaned with deionized water, 2% alcohol and 

deionized water. Videos were scored using JWatcher by a trained observer, who 

remained blind to treatment conditions.  

 



AC
CE

PT
ED

 M
AN

US
CR

IP
T

ACCEPTED MANUSCRIPT

 

2.3. Histological procedures 

 

Seven days after the sexual behavior test, 18 animals (6 per each group) were choosen 

for histological analysis. They were selected based on the behavior displayed in order to 

be representative of their group. After an anesthesia overdose with intraperitoneal 

injection of tri-bromoethanol, (250 mg/kg, Sigma–Aldrich, Europe), animals were 

decapitated, and brains were quickly dissected and fixed in 5% acrolein in saline-

phosphate buffer 0.1M, pH 7.3-7.4 (PBS) for 150 min. at room temperature. After 

fixation, they were washed in PBS (2 x 30min), moved in bottles containing PBS–30% 

saccharose and stored in the refrigerator (+4°C) until their precipitation to the bottom of 

the bottles (generally one night). The next day, all the brains were frozen in isopentane 

pre-cooled in dry ice at -30°C / –40°C. Brains were stored at –80°C up to the day before 

criosectioning when they were moved at –20°C. 

 

2.3.1. Neuronal Nitric Oxide Synthase (nNOS) immunohistochemistry  

Coronal sections were cut with a cryostat (Leica CM 1900) at 40 µm of thickness 

obtaining 3 series of adjacent serial sections. In each series, each section is 120 µm 

distant from the following one. Sections were collected for free-floating procedure in 

multiwell plates filled with a cryoprotectant solution [33] and kept at −20 °C. One series 

of sections was stained for nNOS immunohistochemistry [34]. Briefly, after a washing 

of 15 minutes in sodium borohydride (0.1 % in PBS) to remove the acrolein, and an 

overnight washings in PBS (at 4°C), sections were exposed to Triton X-100 (0.2% in 

PBS) for 30 min and then treated for blocking endogenous peroxidase activity (PBS 

solution containing methanol/hydrogen peroxide, 20 min, at room temperature). 

Sections were incubated with normal goat serum (Vector Laboratories, Burlingame, 

CA, USA) for 30 min and incubated overnight at room temperature with the rabbit 

polyclonal antibody against nNOS (Diasorin, Stillwater, MN, USA) diluted 1:12,000 in 

PBS-Triton X-100 0.2%. The next day, sections were incubated for 60 minutes in 

biotinilated goat anti-rabbit IgG (Vector Laboratories, Burlingame, CA, USA) 1:200. 

The antigen–antibody reaction was revealed by 60 min incubation with biotin–avidin 

system (Vectastain ABC Kit Elite, Vector Laboratories, Burlingame, CA, USA). The 

peroxidase activity was visualized with a solution containing 0.400 mg/ml of 3,3′-
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diamino-benzidine (DAB, Sigma, Milan, Italy) and 0.004% hydrogen peroxide in 

0.05 M Tris–HCl buffer, pH 7.6. Sections were collected on slides pre-treated with 

chrome alum, air-dried, washed with xylene and cover slipped with Entellan mounting 

medium (Merck, Milano, Italy). Specificity of this antibody was reported in our 

previous studies [34, 35]. We have performed the following controls in our material: (a) 

the primary antibody was omitted or replaced with an equivalent concentration of 

normal serum (negative controls); (b) the secondary antibody was omitted. In these 

conditions, cells and fibers were totally unstained. 

 

2.3.2. Quantitative analysis  

Behavioral tests reported significant results only for anxiety behavior (see results), 

therefore we limited the quantitative analysis to two forebrain regions that are important 

for this behavior and that have a wide distribution of nitrergic circuits [34]: the 

amygdaloid complex and the hypothalamic paraventricular nucleus [36]. The 

cytoarchitecture of these two nuclei is particularly complex and we have circumscribed 

the analysis to two subdivisions of the amygdala [the anterior part of the basolateral 

amygdaloid nucleus (BLA) and the lateral amygdaloid nucleus (La)] and three 

subdivisions of the paraventricular hypothalamic nucleus [the anterior parvicellular part 

(PaAP), lateral magnocellular part (PaLM) and the ventral part (PaV)]. 

For each animal, four standardized serial sections of comparable level (see mouse brain 

atlas [37]) per nucleus were examined: BLA, corresponding to Bregma from -0.7mm to 

-1.06 mm; La, corresponding to Bregma from -0.7mm to -1.06 mm; PaAP, 

corresponding to Bregma -0.58mm; PaLM, corresponding to Bregma from -0.58mm to 

-0.94mm, and PaV, corresponding to Bregma from -0.58mm to -0.70mm.  

Selected sections were photographed with a Nikon eclipse 80i microscope equipped 

with a Nikon Digital Sight DS-Fi1 video camera. Images were semiautomatically 

analyzed by Image J (version 1.45s, Wayne Rasband, NIH, Bethesda, MD, USA), using 

the cell counting routine. For each level of the analyzed nuclei we selected a frame with 

a standardized area (area of interest, AOI) placed within the boundaries of the nucleus 

(150,000 µm2 for each subdivision of PVN, 200,000 µm2 for BLA, 150,000 µm2 for La) 

and counted the immunoreactive cells within this frame [38-40]. 
Positive neurons were identified for the presence of clearly labeled cell body and 

proximal processes. The intensity of the immunoreaction was variable, but we have not 

used this criterion to classify different subtypes. For each nucleus, we calculated the 
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density of immunoreactive cells as a ratio between the number of immunopositive cells 

and the AOI area in micrometers. The values are reported as number of cell /106m
µm2.  

 

2.4. Statistical analysis 

 

Behavioral and morphometrical data were analyzed using the statistic software Prism 5 

(Graph Pad Software, San Diego, Ca, USA). All data sets have not passed the KS 

normality test (alpha=0.05), therefore they were subjected to Kruskal-Wallis analysis of 

variance, followed by Dunn's Multiple Comparison Test .The differences were 

considered significant when p value was less than 5% (p ≤0.05).  

 

 

3. RESULTS  
 

3.1. Anxiety (Table 1) 
We have characterized the pattern of anxiety in our male mice by analyzing a number of 

behavioral parameters with both EPM and OF tests. Quantitative results and related 

statistical analysis are reported in table 1. In case of significant differences, the results 

are also reported in histograms. 

 

3.1.1. Elevated Plus Maze 

In EPM test, we observed an increase of both the time spent and the number of entries 

in the open arms for the group of G100 mice (they were almost double than the others), 

whereas only small differences were observed among G5 and control mice (Fig.1). The 

statistical analysis confirmed this observation. In fact, for the number of entries in the 

open arms, the Kruskal-Wallis (KW) analysis was statistically significant (H= 

8.706, p= 0.0129) with an increase for the number of entries in the open arms of G100 

respect to the other groups, the comparison G100 vs both G5 and control was 

statistically significant (Dunn test, p≤0.05). For the time spent in the open arms the KW 

analysis was statistically significant (H= 8.846 p= 0.012) and the Dunn test indicated 

that G100 mice spent more time in open arms in comparison to both control and G5 

mice (p≤0.05).  
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3.1.2. Open Field  

As reported in table 1, both the distance covered in the center and the time spent in the 

center were not statistically different among the 3 groups.  

 

3.2.  Sexual behavior (Table 1) 
Data reported for sexual behavior (see table 1) show variations only for number of 

mounts and number of attempted mounts, the latency parameters were not affected at 

all. The number of attempted mounts and of mounts is clearly higher in G5 mice than in 

controls or in G100 mice. However, statistical analyses have shown no significant 

differences for all the considered parameters. 

 

3.3.  Aggressivity  (Table 1) 
3.3.1.  Offensive behaviors 

Data reported in table 1 show some variations for the offensive behaviors. In particular, 

G100 mice have shown almost the double of the attack number than controls and G5, 

whereas G5 have shown a lower number of chase in comparison with G100 and 

controls, whereas the aggressive grooming was reduced in both G100 and G5 animals. 

However, the statistical analysis has not confirmed the presence of significant 

differences. 

 

3.3.2. Defensive behaviors 

In the case of the defensive behaviors, G5 mice have shown a higher number of flight 

than G100 and controls. There were no differences for the immobility contact-related 

behavior, an increase for immobility attack-related for both G100 and G5, and a higher 

number of on the back behavior for G5 in comparison to G100 and controls. Statistical 

analyses reported a significant difference only for the number of flights (H=6.118, 

p≤0.05) and the Dunn test confirmed a significant difference for the comparison G5 vs 

control (p≤0.05). All the other behaviors were not significantly different, with the 

exception of the immobility attack-related showing a tendency (p=0.09) to significance. 

 

3.4. nNOS immunoreactive circuits (Table 2) 
 

The immunostaining for nNOS reported a distribution of cells and fibers that was 

comparable with previous data reported by our and other laboratories [34]. In particular 
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a large population of positive cells was observed in the paraventricular nucleus as well 

as in the amygdaloid complex that were quantitatively analyzed. Morphological data of 

amygdala and PVN are reported in table 2. 

 

3.4.1. Amygdala 

The number of nNOS positive cells showed a decrease in the basolateral amygdala of 

G100 mice in comparison to G5 and controls (Fig. 2). No variations were observed in 

the lateral amygdala. Kruskal-Wallis tests confirmed that only in the BLA there were 

significant variations in cell number (H= 6.117, p≤ 0.05), with G100 mice having a 

lower number of positive cells than G5 and control mice. 

 

3.4.2. Paraventricular nucleus 

In all the 3 subdivisions of the nucleus we have not observed any difference in the 

number of nNOS positive cells. This was confirmed by the statistical analysis. 

 

 

4. DISCUSSION  
 
Our data indicate that exposure of females during late gestation and early lactation 

period to high levels of genistein (100µg/g body weight) may affect both anxiety-related 

behavior and nNOS circuitery within the medial amygdala of male offsprings (when 

adult). In particular, perinatal exposure to high dose of genistein induced an anxiolitic 

effect indicated by a significant increase of the number of entries and of the time of 

presence within the open arms of the EPM. At the same time, in these animals we 

observed a decrease of about 60% of the nNOS positive cells in the basolateral 

amygdala, but not in the lateral amygdala, or in the paraventricular nucleus. Other 

behaviors, like sexual behavior and resident-intruder test have not shown significant 

alterations, while the exposure to low level of genistein (5µg/g body weight) induce a 

higher defensive behavior than high level or vehicle.  

The anxiolitic effect observed in mice treated with high dose of genistein is comparable 

to the effect observed in rat exposed to comparable doses for a longer time (from 

conception until adulthood) [9].  

Also the defensive behavior is affected by genistein exposure, but this effect is observed 



AC
CE

PT
ED

 M
AN

US
CR

IP
T

ACCEPTED MANUSCRIPT

in low dose exposed mice. This is in agreement with a previous experiment showing 

that the same concentration of genistein, administered from conception until PND 21 in 

C57BL/6J mice, induces more defensive behavior and less aggressivity [20]. It must be 

said that this nonlinear-dose responses (i.e. effects at low level, no effects at high level) 

have been reported in several other studies using a variety of endocrine disrupting 

chemicals (for a review see [41]).  

In contrast to the cited experiments, we obtained similar effects by administering 

genistein for a shorter period covering only the so-called critical period for the action of 

gonadal hormones. Hence, the exposure to exogenous estrogens, like genistein, during 

the critical period of development, may have long-term consequences on neural circuits 

and on related behaviors.  

According to several experimental studies [14, 42], genistein is not blocked by the 

placental barrier, therefore, it can easily reach the fetal blood. On the contrary, only a 

limited amount of genistein and other isoflavones is transferred into the milk. Therefore, 

our present findings are more likely to result from fetal exposure rather than to postnatal 

one.  

Genistein may have particular and unexpected effect if combined with other endocrine 

disruptor: rats exposed, from embryonic period until adulthood, to BPA increase their 

anxiety, but a concomitant intake of a diet with high doses of genistein counteract this 

effect [19]. This result was obtained in a particular strain of rats reared on a 

phytoestrogen-free diet over several generations. Anyway, this data suggests that the 

critical windows in which endocrine disruptors produce effects, their mechanisms of 

action and interaction on neural systems, must be more clearly elucidated. 

The mean individual exposure to phytoestrogens in eastern societies is about 47.2 mg/d, 

whereas in western societies is <2 mg/d [43]; the higher levels of exposure are in some 

way comparable  (about 1µg/g/d) with our lower dose of genistein (5µg/g/d). However, 

due to the recent trend towards to commercialize soy-derived isoflavones, the highest 

dose used in our and previous studies [44] may potentially mimic higher exposures 

induced by self-administered megadose of plant-based dietary supplementation [45].  

Anxiety-related behaviors appear as one of major targets of precocious exposure to 

phytoestrogens [9, 46]. This is probably due by the fact that the neural action of 

phytoestrogens, in particular genistein, is mediated both by classical and non classical 

estrogen receptor action. In fact, several studies utilizing ER knockout mice or selective 

ER modulators suggest that ER-mediated effects of E2 on anxiety and depressive 
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behavior may require ERβ� [47, 48]. Moreover, increasing data suggest that E2 (and 

genistein) binds also with high affinity to GPR30, a G protein-coupled estrogen 

membrane receptor [49-51]. 

The major anatomical targets for anxiety-related behaviors are represented by the 

hippocampus [52] and the amygdala [53]. In mice, the deletion of ERβ was associated 

with an increased anxiety, a reduced threshold for the induction of synaptic plasticity in 

the basolateral amygdala and a local increase of 5-hydroxytryptamine 1a receptor 

expression in medial amygdala [54]. Furthermore, GPR30 is highly expressed in BLA 

of the amygdala and maybe involved in the reduction of anxiety [51]. 

Relationships among serotonin system and NO-producing system are well-known [55]. 

In addition, several studies have shown that nNOS inhibitors may alter defensive 

behavior [56] and produce anxyolitic-like effects in animal models  [25, 26]. Hence, it is 

not surprising that we have observed a significant reduction in the number of the NO 

producing neurons at the level of the basolateral amygdala of males exposed to high 

dose of genistein inducing a significant decrease of anxiety-related behavior.   

Previous studies, in mice and other species, have shown alterations of other behaviors 

after precocious exposure to genistein, as reproductive or aggressive behaviors [20, 22]. 

In our experiment (see table 1), male sexual behavior and offensive behavior were not 

influenced.. 

In conclusion, our study demonstrate that perinatal exposure to genistein (during late 

pregnancy and early lactation) can induce alterations of estrogen-dependent adult 

behaviors and NO-producing brain circuits implicated on the control of these behaviors 

only with the use of high doses that are not usual in the regular food. However, the 

increasing use of soy-based food and/or extracts and the essential lack of close 

regulation in their use should stimulate further studies to evidence their beneficial or 

harmful effects, mainly during pregnancy.  
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LEGENDS 
 
Table 1 - Summary of behavioral analysis performed on different groups of males 

(Control, G5 and G100). The column S indicate if the Kruskal-Wallis analysis is 

significant  (Yes) or not (n.s.).  n= number of males tested for each experimental 

group. Data are expressed as Mean ± Standard Error.  

 * p ≤ 0.05 in comparison to control. ° p≤0.05 in comparison to G5 

 

 

Table 2 -  Mean number of neuronal nitric oxyde synthase (nNOS) positive cells (± 

Standard Error) counted within the Amygdala or the Paraventricular nucleus of 

male mice belonging to different experimental groups (Control, G5 and G100). 

The column S indicate if the Kruskal-Wallis analysis is significant  (Yes) or not 

(n.s.).  n= number of males tested for each experimental group. BLA = Basolateral 

amygdaloid nucleus, La = Lateral amygdaloid nucleus; PaAP  = anterior 

parvicellular part, PaLM = lateral magnocellular part, PaV = ventral part of the 

hypothalamic paraventricular nucleus.  

 * = p<0.05 in comparison to Control, ° = p<0.05 in comparison to G5. 

 

Fig. 1 – Histograms illustrating the number of entries in the open arms of EPM (A) and 

the time spent in the open arms (B). * p<0.05 in comparison to both Control and 

G5 group. 

 

Fig. 2 - Micrographs illustrating the nNOS positive cell distribution within the 

Amygdala of Control (A), GEN5 (B) and GEN100 (C) animals. La=lateral 

amygdaloid nucleus; BLA=basolateral amygdaloid nucleus. The bar is equivalent 

to 200 µm.  

The histogram illustrating the number of positive cells (number/106 µm2) detected 

within BLA in each experimental group is reported in D. * p<0.05 in comparison 

to both Control and G5 group. 
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Figure 1 
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Figure 2 
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   Anxiety   
ANXIETY G100 G5 CONTROL Kruskal-Wallis S 

n 9 9 12   
Elevated Plus 
Maze 

     

Entries Open 
Arms (Number) 

31.57± 
5.23 
* ° 

15.00± 3.92 
 

15.28± 
2.11 

 

H=8.706 p= 0.0
12 

YES 

Time Spent Open 
Arms (Seconds) 

106.60± 
15.83 
* ° 

51.89± 
14.39 

 

57.67± 
5.83 

 

H= 
8.846 p= 0.012 

YES 

Open Field      
Distance in the 

center  (Cm) 
733.56± 
158.2 

 

689.91± 
53.62 

 

808.06± 
61.38 

 

H = 2.630 
p=0.268 

n.s. 

Time spent in the 
center (seconds) 

36.99± 
7.30 

 

37.86± 3.93 
 

43.46± 
3.65 

 

H= 
1.708 p= 0.425 

n.s. 

   Sexual 
behavior 

  

SEXUAL 
BEHAVIOR  

G100 G5 CONTROL Kruskal-Wallis S 

n 9 9 12   
Latency mount  

(seconds) 
677.63± 
163.49 

 

634.69± 
131.32 

 

719.14± 
299.49 

 

 
H=1.603 p= 0.4
48 

n.s. 

Latency 
attempted mounts 

(seconds) 

400.99± 
121.47 

 

466.27± 
113.88 

 

539.05± 
111.56 

 

H= 
0,4361 p= 0.804 

n.s. 

Mounts (number) 2.55± 
0.88 

 

11.55± 6.15 
 

1.28± 0.68 
 

H=1.741 p= 0.4
18 

n.s. 

Attempted 
Mounts (number) 

21.00± 
3.35 

 

32.33± 
17.42 

 

10.87± 
3.49 

 

H=4.010 p= 0.1
34 

n.s. 

   AGGRESS
IVITY 

  

AGGRESSIVI
TY 

G100 G5 CONTROL Kruskal-Wallis S 

n 9 9 12   
Attacks 59.87± 

28.92 
 

21.37± 
13.05 

 

24.25± 
6.39 

 

H =   0.4020 
p= 0.817 

n.s. 

Chase 10.37± 
3.61 

 

5.50± 2.10 
 

11.12± 
3.44 

 

H =  3.426 p=  
0.180 

n.s. 

Aggressive 4.12± 6.25± 2.66 19.50± H = 0.791 n.s. 
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TABLE 1 
 

Grooming 1.41 
 

 8.49 
 

p= 0.467 

Flight 4.50± 
2.24 

 

31.25± 
12.08 

* 

7.62± 2.91 
 

H= 
6.118 p= 0.046 

YES 

Immobility contact 
related 

5.87± 
2.57 

 

4.00± 1.50 
 

8.87± 4.91 
 

H= 
0.150 p= 0.927 

n.s. 

Immobility attack 
related 

3.37± 
2.10 

 

5.50± 2.19 
 

0.25± 0.16 
 

H=4.665. p= 0.0
97 

n.s. 

On the Back 8.87± 
5.31 

23.00± 8.27 
 

3.75± 1.95 
 

H=3.314 p= 0.1
90 

n.s. 
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AMIGDALA G100 G5 CONTROL Kruskal-Wallis S 
n 6 6 6   

BLA 8.93± 
1.65 
*° 

26.06± 
8.31 

 

25.71± 
8.55 

 

H = 
6.117, p= 0.047 

YES 

La 23.82± 
4.34 

 

36.55± 
10.39 

33.35± 
4.21 

 

H = 
2.667, p= 0.263 

n.s 

PVN      
PaLM 14.79± 

2.19 
 

12.17± 
1.83 

15.86± 
2.39 

 

H = 
1.766, p= 0.413 

n.s 

PaAP 31.04± 
12.22 

 

17.06± 
0.97 

 

17.58± 
1.55 

 

H = 
0.229, p= 2.940 

n.s 

PaAV 23.75± 
5.62 

 

16.94± 
1.27 

 

16.07± 
1.92 

 

H = 
0.359, p= 2.047 

n.s 

 
Table 2 
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Highlights 

• Genistein is a phytoestrogen largely present in the diet even during pregnancy 

• Fetuses were exposed to genistein during the pre- and early postnatal period 

• Exposure to genistein produced in males significant changes in anxiety behavior 

• The number of nNOS positive cells in the amygdala is significantly reduced  

• Exposure to genistein may induce long-term effects on brain circuits and 

behavior 

 
 


