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Introduction
Menopause is characterized by, and defined as a 

cessation of cyclic menstruation [1]. Exhaustion of ovarian 
follicular reserves appears to drive menopause and various 
replenishment therapies have been advocated to supplement 
hormones during menopause [2,3]. As estrogen levels  drop, 
the estrogen/androgen ratio changes in postmenopausal 
women, which may result in many age related diseases such 
as decreasing bone density, cardiovascular diseases, cognitive 
diseases, metabolic syndromes and possibly some cancers 
[4,5]. In the United States 4,000 women enter menopause 
each day and by 2025 postmenopausal women will make up 
to 20% of the US population [1]. When menopause symptoms 
become severe they can drastically reduce the quality of life 
of menopausal women and interfere with daily activities [6]. 
Hormone replacement therapy (HRT) is effective in most 
cases to alleviate menopause symptoms; however this option 
has fallen out of favor because of its association with the 
increased risk of developing breast cancer. Therefore, to delay 
menopause, phytoestrogens such as soy isoflavones have been  

 
suggested as an alternative for HRT that may also improve the 
quality of life of postmenopausal women [7,8]

Soy isoflavones and endogenous estrogen are similar in 
structure and bind to the same receptors, but the potency of 
soy isoflavones is estimated to be ~1000-fold lower than that 
of 17-α estradiol [7,8]. Apart from the antioxidant effects, 
the estrogenic effects of soyisoflavones have been suggested 
to benefit the cardiovascular system, bone, and vasomotor 
systems in pre- and postmenopausal women [9]. Soybeans 
contain six types of isoflavones: three of each are glyconic 
(genistin, daidzin and glycitin) and aglyconic (genistein, 
glycitein and daidzein) [10]. Each of these isoflavones can 
exist in four isomeric forms with varying estrogenic activities 
[7,10]. Recently we screened soy isoflavone extracts from 54 
cultivars and identified three cultivars each with high and low 
estrogenic activity [10].

Among isoflavones, there was a positive correlation 
between daidzin concentration and estrogenic activity 
whereas high concentration of genistin was negatively 
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associated with estrogenic activity [10]. Based on these results 
we hypothesized that a soybean extract with a high daidzin 
to genistin ratio will delay the onset of menopause in mice. 
This hypothesis was tested in a 4 vinylcyclohexene diepoxide 

(VCD)-induced menopause mouse model that closely simulates 
human menopause [3]. Unlike ovariectomy (OVX), menopause 
induced by VCD creates a well characterized model for the 
gradual onset of menopause [11,12].

Conclusion

Figure 1: Effects of soy isoflavone extracts weight change in mice. A and B) Representative HPLC chromatograms of soy isoflavone 
extracts from soybean cultivars. Peaks were identified using standard control mixtures of isoflavones as described [10]. Chromatograms 
depict a cultivar with a high daidzin to genestin concentration ratio, and another with low daidzin to genestin ratio. C) Isoflavone extracts 
had no siginificant effect on weight change. Mice were weighed daily for the duration of the study (95 days) and percentage weight change 
for each mouse was calculated. Each bar on the graph represents mean ± SEM of percentage weight for each group. A p value of 0.05 is 
considered significant in one way ANOVA.

The overall objective of this study was to investigate the 
effect of soy isoflavones during transition into menopause in 
a VCD-induced menopause mouse model that closely mimics 
human menopause. Menopause was induced in seven month 
old mice as described [3,13,14]. Isoflavones were extracted 
from soy bean cultivars with high and low daidzin to genistin 
ratios that were identified in our prior study [10] and were 
used to fortify mouse stock feed that was devoid of any 
isoflavones or soy product (Harlan Teklad Global Diets 2014 
14% Protein Rodent Diet). HPLC analyses of soy isoflavone 
extracts identified daidzin, genestin and glycitin as the 
main constituents. Representative chromatograms depict a 
cultivar with a high daidzin to genestin concentration ratio, 
and another with low daidzin to genestin ratio (Figure 1A & 
1B). After obtaining IACUC approval (AUP# P13-05-01), 24 
mice were selected by randomized block design and allocated 
evenly into six different diet groups (Groups 1-6). Group 1 was 
fed a normal isoflavone free diet (ND) and received no VCD 
injection. Group 2-6 all received VCD injections; however group 
2 was fed a normal isoflavone free diet (ND + VCD). Groups 
3-6 received an isoflavone fortified diet with soy isoflavone 
extracts (SIE) from four different soybean cultivars (SIE1-4 + 
VCD). At the beginning of the investigation, a pilot study was 
conducted to rule out potential toxicity or any bias towards 
fortified diets. The average consumption of unfortified (ND) 
and soy isoflavone fortified diets were 109.13 ± 2.6g during 

the six days (p=0.42, data not shown). Consequently, during 
the study period, mice in all cohorts had similar weight gain/
loss (Figure 1C).

Next, the stages of estrous cycles (proestrus, estrus, 
metestrus, and diestrus) were determined using a simple non-
invasive method as described [15]. Proestrus phase consisted 
of round nucleated epithelial cells; during the estrus phase 
the majority of cells were cornified epithelial cells; cells in 
metestrus were a combination of leukocytes (arrows) and a 
few round cells; cells in the diestrus phase were predominantly 
leukocytes which contained bi lobed darkly stained nuclei 
(Figure 2A). The number of estrous cycles for each mouse was 
plotted, counted and represented (Figure 2B). One way ANOVA 
analyses indicated a significant difference in estrous cycles 
(p=0.0002) among the six groups (Figure 2C). Compared 
to the ND group (8.0±0.7 cycles) the VCD group (4±0 cycles) 
displayed significantly decreased estrous cycling (p<0.05) 
(Figure 2B). However cycling did not abruptly cease due to 
VCD, suggesting progressive onset of menopause which  is 
consistent  with prior studies [13,16]. Compared to the ND+VCD 
group, fortification of feed with a high daidzin to genistin ratio 
extract (SIE1+VCD and SIE2+VCD) increased estrous cycles to 
11±1.1 cycles and 8.25±0.9 cycles respectively (p=0.0004 and 
p=0.034 respectively). The increased estrous cycling observed 
in the SIE1+VCD and SIE2+VCD groups of mice can be attributed 
to the estrogenic effect of the daidzin-rich SIE1 and SIE2 
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extracts (Figure 2C). Estrous cycling in SIE1+VCD group was 
also significantly increased compared to SIE3+VCD (4.8±0.5 
cycles) and SIE4+VCD (5.5±1.1 cycles) groups (p=0.0006 and 
p=0.0052 respectively, Figure 2C). Interestingly, cohorts fed 
with low estrogenic isoflavone extract (SIE 3 and SIE 4) did not 
increase estrous cycling compared to either of the normal diet 
groups . SIE3 and SIE4 both contained a low daidzin to genestin 
ratio compared to SIE1 suggesting that the ratio of daidzin and 
genestin are key in determining the estrogenic effect of soy 
isoflavone extracts.

These results suggest that exposure to lower dosages 
of estrogenic compounds during premenopause may not be 
effective in alleviating menopause symptoms. Moreover, some 
isoflavones have been implicated as competitive inhibitors of 
estrogen during premenopause by exhibiting an antiestrogenic 
effect [9]. If low estrogenic isoflavones do participate in 
competitive inhibition during premenopause they could 
augment menopause symptoms instead of preventing them, 
therefore women approaching menopause could increase their 

health risks by taking soy isoflavone supplements with low 
estrogenic activity. The disparity of estrogenic activity among 
soybean cultivars, as indicated in this study, emphasizes the 
importance of understanding the isoflavone composition in 
soy products before they are advocated as supplements to 
manage pre- and post-menopause.

In summary, our results identified that soy isoflavone 
extracts with high daidzin to genistin ratio from two cultivars 
significantly increased estrous cycling in mice to delay VCD-
induced menopause. This result suggests that these extracts 
may have increased functional estrogen activity during 
transition into menopause without significantly affecting 
weight changes in mice and without producing any evident 
palpable mammary tumors. In addition our results suggest 
that some soy isoflavone extracts with low estrogenic activity 
and low daidzin to genistin ratio may not be effective for 
alleviating menopause symptoms and as potential alternatives 
for HRT in menopausal women (Figure 1 & 2). 

*P < 0.05, **P≤ 0.01, ***P < 0.001. Statistical analyses were carried out using GraphPad Prism 7 software.

Figure 2 :Daidzin-rich soy isoflavone extracts increased estrous cycling in mice. A) Cell typology of vaginal cells. Cells collected by vaginal 
lavage were stained using crystal violet to determine the phases of estrous cycle. Proestrus phase consisted of round nucleated epithelial 
cells; during the estrus phase the majority of cells were cornified epithelial cells; cells in metestrus were a combination of leukocytes (black 
arrows) and a few round cells; cells in the diestrus phase were predominantly leukocytes which contained bi lobed darkly stained nuclei. 
Each image is representative of estrous smear analyses carried out daily for each mouse. B) Representative plots of estrous cycles for one 
mouse from each of the groups ND, ND+VCD, SIE1+VCD and SIE3+VCD. Numbers on y axis correspond to stages of the estrous cycle: 
1, proestrus; 2, estrus; 3, metestrus; 4, diestrus. Cycles peaking in proestrus or estrus stages were counted as estrous cycles; for example 
13 estrous cycles are depicted for one mouse from SIE1+VCD group. C) One way ANOVA analyses of estrous cycles among the cohorts. 
Each bar on the graph represents mean ± SEM estrous cycles for each group of mice.
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