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A B S T R A C T   

Soya consumption can decrease oxidative stress in animal models. Moreover, phytoestrogens such as genistein, 
present in soya, can mimic some of the beneficial effects of estrogens and are devoid of significant side effects, 
such as cancer. In this study, we have performed a controlled lifelong study with male OF1 mice that consumed 
either a soya-free diet or a soya-rich diet. We show that, although we found an increase in the expression and 
activity of antioxidant enzymes in soya-consuming mice, it did not increase lifespan. We reasoned that the soya 
diet could not increase lifespan in a very healthy population, but perhaps it could extend health span in stressed 
animals such as type 2 diabetic Goto Kakizaki (GK) rats. Indeed, this was the case: we found that male GK rats 
consuming a soya-rich diet developed the disease at a lower rate and, therefore, lived longer than soya-free diet- 
consuming rats.   

1. Introduction 

Ageing is a very complex process and more than 300 theories have 
been described to explain its process (Vina et al., 2007). There is a 
continued interest of gerontologists to delay this normal process by 
preventing the deleterious consequences, and therefore preserve health 
span the closest to lifespan. Finding good models of ageing is a major 
aim in Gerontology. The different longevity between genders, i.e., fe-
males live around 10 % longer than males in many species, including 
humans, offers a unique opportunity to study fundamental aspects of 
ageing (Vina et al., 2011). We found several years ago that mitochondria 
from females were protected against oxidative stress compared with 
males (Borras et al., 2003), and that this advantage was due to the 
presence of estrogens (Borras et al., 2005). Similarly, we recently 
demonstrated that female diabetic rats had lower glycaemia levels with 
age than male diabetic rats and that estrogens enhanced insulin sensi-
tivity in diabetic female rats (Diaz et al., 2019). However, estrogen 
administration could have clinical problems and, obviously, cannot be 
given to males. Phytoestrogens offer an interesting alternative to 

estrogens (Vina et al., 2008). Although ubiquitous in their occurrence in 
the plant kingdom, these bioactive non-nutrients are found in particu-
larly high concentrations in soybeans, and have been found to have a 
wide range of hormonal and non-hormonal activities, that serve to 
provide plausible mechanisms for the potential health benefits of diets 
rich in phytoestrogens (Setchell and Cassidy, 1999). Cross-sectional 
studies have shown that higher phytoestrogen levels in urine and 
plasma are associated with a lower risk of diseases such as cardiovas-
cular diseases, osteoporosis, or cancer (Adlercreutz et al., 1982, 1991; 
Coxam, 2008; Gonzalez Canete and Duran Aguero, 2014; Kim et al., 
2021; Kuhnle et al., 2011). Genistein, a phytoestrogen present in soya, is 
used in clinical practice to prevent menopause-associated hot flushes 
(D’Anna et al., 2009) and is devoid of significant side effects (Squadrito 
et al., 2013). Indeed, despite its structural similarity with estrogen, 
genistein does not promote breast cancer cell growth (Marik et al., 
2011). Moreover, lifelong genistein consumption has faced scrutiny over 
the potential to exhibit adverse effects; only a few studies have reported 
side effects at very high doses of genistein in rats, such as hepatotoxicity 
or reduced reproductive capabilities (Yu et al., 2021). The mechanisms 
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mariona.jove@udl.cat (M. Jové), raul.lopez@uv.es (R. López-Grueso), cristina.mas@uv.es (C. Mas-Bargues), daniel.monleon@uv.es (D. Monleón), reinald. 
pamplona@udl.cat (R. Pamplona), jose.vina@uv.es (J. Viña).  

Contents lists available at ScienceDirect 

Mechanisms of Ageing and Development 

journal homepage: www.elsevier.com/locate/mechagedev 

https://doi.org/10.1016/j.mad.2021.111596 
Received 4 May 2021; Received in revised form 20 October 2021; Accepted 3 November 2021   

mailto:consuelo.borras@uv.es
mailto:moabk@alumni.uv.es
mailto:ana.diaz@uv.es
mailto:juan.gambini@uv.es
mailto:mariona.jove@udl.cat
mailto:raul.lopez@uv.es
mailto:cristina.mas@uv.es
mailto:daniel.monleon@uv.es
mailto:reinald.pamplona@udl.cat
mailto:reinald.pamplona@udl.cat
mailto:jose.vina@uv.es
www.sciencedirect.com/science/journal/00476374
https://www.elsevier.com/locate/mechagedev
https://doi.org/10.1016/j.mad.2021.111596
https://doi.org/10.1016/j.mad.2021.111596
https://doi.org/10.1016/j.mad.2021.111596
http://crossmark.crossref.org/dialog/?doi=10.1016/j.mad.2021.111596&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


Mechanisms of Ageing and Development 200 (2021) 111596

2

by which isoflavones exert their beneficial effects are not totally un-
derstood. In our laboratory, we observed that, at concentrations found in 
plasma of people fed with a traditional diet with soya, there was an 
increase in the expression of antioxidant enzymes (Borras et al., 2006; 
Mahn et al., 2005). Moreover, other laboratories have shown that it 
could also have a beneficial impact on metabolism by enhancing adipose 
tissue function (Chen et al., 2021). 

In this study, we tested the effects of lifelong soya consumption in 
control conditions (male OF1 mice) and then, in stressful conditions 
(male GK rats). To this end, we first aimed to assess whether lifelong 
soya consumption in male OF1 mice could increase lifespan by modu-
lating the antioxidant capacity. Secondly, we aimed to analyze whether 
lifelong soya consumption could also increase healthspan in GK male 
rats, which represent a model of type 2 diabetes mellitus. 

2. Materials and methods 

2.1. Animals and experimental design 

2.1.1. Control mice 
In the current study, we performed a longevity curve of 157 male 

Swiss mice (OF1). Animals were divided into two groups, depending on 
the type of diet the animals were consuming since weaning either a soya- 
free diet (modified 2018 Teklad Global Rodent Diets ®, Harlan Labo-
ratories, ISO9001-2000) or a soya-rich diet (containing 150-250 mg 
isoflavones per kilogram of diet, 2018 Teklad Global Rodent Diets ®, 
Harlan Laboratories, ISO9001-2000) and tap water ad libitum. 

The animals were maintained in individual cages at 23 ± 1 ◦C, 
relative humidity was 60 %, and with 12/12 h light/dark cycles. Mice 
were checked daily for health and survival. Food intake and body weight 
were recorded weekly. Food consumption was determined weekly by 
subtracting the amount of food remaining from the amount offered. 

Five mice were sacrificed by cervical dislocation in each group at 
100, 80, 50, and 10 per cent of survival. These animals were sacrificed to 
obtain blood and livers which were used fresh or frozen in liquid ni-
trogen immediately after excision and stored at -80 ◦C. 

2.1.2. Diabetic rats 
Male Goto-Kakizaki (GK) rats were used. GK rats are an excellent 

model of type 2 diabetes mellitus, as it does not present obesity and 
develop the disease progressively with age. They also show similar 
metabolic, hormonal, and vascular disorders than those shown in human 
diabetes. Its characteristics include hyperglycemia, defects in the 
secretion of insulin in response to glucose both in vivo and in isolated 
pancreatic cells, and insulin resistance, both hepatic and peripheral. The 
control of the diabetization was carried out through clinical observation 
(polydipsia, polyphagia, and thinning) and by determining biochemical 
parameters as the measurement of fasting glucose, using a glucosimeter 
(Accu-Chek Aviva de Roche). 

We established an endpoint criterion for the sacrifice of rats which 
reached 200 mg/dL of blood glucose. These animals were sacrificed by 
cervical dislocation to obtain blood and livers which were used fresh or 
frozen in liquid nitrogen immediately after excision and stored at -80 ◦C. 

2.1.3. Ethical approval 
Mice and rats were housed at constant temperature and humidity 

and with a 12 h light/12 h dark cycle. Non-soya animals were fed on a 
free soya diet (modified 2018 Teklad Global Rodent Diets ®, Harlan 
Laboratories, ISO9001-2000) and soya animals were fed on a rich soya 
diet (containing 150− 250 mg isoflavones per kilogram of diet, 2018 
Teklad Global Rodent Diets ®, Harlan Laboratories, ISO9001-2000) and 
tap water ad libitum. 

All the animals employed in this study were stored at the animal 
house of the Faculty of Medicine of the University of Valencia. Handling, 
supervision, and experimentation with rats were done in accordance 
with the recommendations of the Federation of European Laboratory 

Animal Science Associations. All the work complies with both national 
and EU legislation—Spanish Royal Decree RD 53/2013 and EU Directive 
63/2010/CEE—for the protection of animals used for research experi-
mentation and other scientific purposes. All the protocols were previ-
ously subjected and approved by the Ethical Committee of the 
University of Valencia. 

2.2. Determination of plasma isoflavone levels 

Isoflavones were extracted, processed and purified from plasma 
samples based on a previously described method (Williams et al., 2006). 
Briefly, 100 μl of acetonitrile were added to 100 μl of plasma with all 
labelled internal standards: d4 genistein 0.1μM and d4 daidzein 0.05μM 
(Cluzeau Info Labo), vortexed for 1 min and centrifugated at 12.000 g 
for 2 min for protein precipitation. The supernatants were collected and 
subjected to enzymatic hydrolysis by adding 2.3 units of sulfatase/glu-
curonidase H1 (Sigma Aldrich) in 25 mM sodium citrate pH5. The 
resulting solutions were then purified using a solid-phase extraction 
(SPE) method. We used Bond Elut C18 96 round-well plate (Agilent 
Technologies) under reduced pressure. Conditioning of the cartridge 
was achieved with 1 mL acetonitrile followed by 1 mL of 25 mM sodium 
citrate buffer at pH5. Then, enzyme-treated plasma samples were 
applied to the plate and subsequently washed with 1 mL water followed 
by 1 mL of 10 % aqueous methanol. Analytes were eluted with 
6 × 200 μL aliquots of 5% formic acid in acetonitrile. The eluate was 
dried in a SpeedVac (Fisher Scientific) and resuspended in 50 μl of water 
0.1 % formic acid/acetonitrile (60/40, v/v). Final extracts were filtered 
in an eppendorf UltraFree 5 kDa filter (Millipore). 

For detection and quantification of the isoflavones, 15 μl of filtered 
final extracts were submitted to ultraperformance liquid chromatog-
raphy (UPLC) using a Waters Acquity ultraperformance liquid chroma-
tography system (Waters), equipped with a binary pump system using an 
Acquity UPLC BEH C18 column (1.7 μm, 2.1 * 50 mm) with a binary 
mobile phase. Solvent A was water 0.1 % formic acid, and solvent B was 
acetonitrile. The gradient started with 40 % solvent B and held it during 
1.2 min, 100 % B from 1.21 min to 2.5 min and re-equilibrate to 40 % 
from 2.6 min to 3.5 min. The UPLC system was coupled to a TQD mass 
spectrometer using a Z-spray ESI source operating in positive mode. The 
data were acquired in selected reaction monitoring. The ionization 
source working conditions were as follows: capillary voltage, 3 kV; 
source temperature, 150 ◦C; desolvation temperature, 350 ◦C. Nitrogen 
(>99 % purity) and argon (99 % purity) were used as nebulizing and 
collision gases, respectively. Data acquisition was carried out with 
MassLynx v 4.1 software. Optimized MRM conditions are: 
254.9 ≥ 199.0 for daidzein, 270.9 ≥ 214.9 for genistein, 249.9 ≥ 132.9 
for equol, 259.0 ≥ 203.0 for d4 daidzein and 275.0 ≥ 218.9 for d4 
genistein. The amounts of product were expressed as nmolar of genis-
tein, daidzein and equol being adjusted from their respective deuterated 
internal standard. 

2.3. Mitochondrial isolation 

Livers were quickly removed from sacrificed animals. Mitochondria 
from fresh livers were obtained by differential centrifugation, as 
described by Rickwood et al. (Rickwood et al., 1987). 

2.4. Mitochondrial hydrogen peroxide production 

The mitochondrial rate of peroxide production was determined using 
a modification of the method described by Barja (Barja de Quiroga, 
1999). Mitochondria were incubated at 37 ◦C with 10 mM succinate in 
2 ml of phosphate buffer, pH 7.4, containing 5 mM KH2PO4, 0.1 mM 
EGTA, 3 mM MgCl2, 30 mM Hepes, 145 mM KCl, 0.1 mM homovanilic 
acid and 6 U/mL horseradish peroxidase. The incubation was stopped at 
5, 10 and 15 min with 1 ml of cold 2 M glycine buffer containing 2,2 M 
NaOH and 50 mM EDTA. Supernatants’ fluorescence was measured 
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using 312 nm as excitation wavelength and 420 nm as emission wave-
length. Peroxide production rate was then calculated using a standard 
curve of H2O2 (Borras et al., 2003). 

2.5. Determination of mRNA gene expression 

Liver mRNA expression of antioxidant enzymes GPx and MnSOD was 
determined by real time PCR with glyceraldehyde-3P-dehydrogenase 
(GAPDH) as reference gene. 

For this purpose, total RNA was isolated by extraction with TRIzol® 
Reagent (Invitrogen ™), according to the manufacturer’s protocol. 
cDNA was synthesized from 1 μg total RNA using a reverse transcriptase 
(RT) system kit of Applied Biosystems (High-Capacity cDNA Reverse 
Transcription Kits). The reaction was incubated, as recommended by the 
manufacturer, for 10 min at 25 ◦C, followed by 120 min at 37 ◦C, then 
for 5 min at 85 ◦C, and finally cooled to 4 ◦C to collect the cDNA and 
then stored at − 20 ◦C prior to the real-time PCR assay. 

Quantitative RT-PCR was performed using the detection system 
7900 H T Fast Real-Time PCR System (Applied Biosystems) with Max-
ima® SYBR Green/ROX qPCR Master Mix (2X) (Fermentas). Specific 
primers utilized, sense and antisense for each gene respectively, were 
GPx, 5′-GAC ATC AGG AGA ATG GCA AG-3′ and 5′-CAT CAC CAA GCC 
AAT ACC AG -3′; MnSOD, 5′-CGT GCT CCC ACA CAT CAA TC-3′ and 5′- 
TGA ACG TCA CCG AGG AGA AG-3′; GAPDH, 5′-CCT GGA GAA ACC 
TGC CAA GTA TG-3′ and 5′-GGT CCT CAG TGT AGC CCA AGA TG-3′. 
Target cDNAs were amplified in separated tubes using the following 
procedure: 10 min at 95 ◦C and then 45 cycles of: denaturation 95 ◦C for 
15 s and annealing and extension at 62 ◦C for 1 min per cycle. 

In this work, the standard curve method was used to evaluate the 
relative expression levels of GPx and MnSOD in liver of male OF1 mice 
fed with soya-rich diet or soya-free diet. The increase in fluorescence 
was measured during the extension step. The threshold cycle (Ct) was 
determined and converted to a relative amount with a standard curve 
prepared from dilutions of cDNA mix of all samples. GAPDH mRNA 
levels measured in parallel reactions were used to calculate relative 
abundance of each mRNA (mRNA/GAPDH RNA ratio). 

2.6. Determination of protein expression 

Protein expressions of GPx and MnSOD were determined by western 
blotting in liver. 

In brief, after doing homogenates of liver tissues, we measured the 
protein concentration and aliquots of these homogenates containing 
40 μg of protein were denatured by heating at 95 ◦C in 40 mm Tris pH 
6.8, SDS 4% (w/v), sucrose 40 %(w/v), β-mercaptoethanol 10 % (v/v), 
and bromophenol blue 0.01 %(w/v), and subjected to SDS- 
polyacrylamide gel electrophoresis (SDS-PAGE) and then blotted onto 
PVDF (polyvinyl difluoride) membrane. 

Membranes were blocked with 5% dried milk or BSA in TBS con-
taining 0.1 % Tween-20 and then incubated overnight at 4 ◦C with the 
corresponding antibodies following manufacturer’s recommendations: 
GPx (abcam), MnSOD (Assay designs) and α-Tubulin (Santa Cruz). 

The blots were washed three times with a wash buffer (TBS, 0.1 % 
Tween-20) for three times, 15 min each time and then incubated for 1 h 
with a secondary horseradish peroxidase-linked anti-rabbit IgG antibody 
(Cell Signaling Technology). Then we proceeded to reveal the mem-
branes with a chemiluminescent reaction with Luminol / ECL (Amer-
sham™). For this purpose, each membrane was incubated for 1 min with 
this reagent and is revealed through the Image GaugeV4.0 of FUJIFILM. 
Films were scanned and the results were quantified by densitometric 
analysis using Image Gauge V4.0 software. For comparison between 
blots, one aliquot of the same homogenate was loaded as a standard in 
each gel to allow data normalization. 

2.7. Enzymatic activities determinations 

All activities were determined in fresh liver tissue homogenate. The 
GPx activity was measured using an adaptation of the spectrophoto-
metric method of Flohe and Gunzler (Flohe and Gunzler, 1984). For 
MnSOD activity we used the kit of Cayman Chemical “Superoxide Dis-
mutase Assay Kit” and followed the protocol proposed by the manu-
facturer. The enzymatic activity was expressed as each enzyme units per 
mg protein. Protein concentration in the samples was determined by the 
method of Lowry (Lowry et al., 1951) using bovine serum albumin as the 
standard. For these we used “Total Protein Kit, Micro Lowry, Peterson’s 
Modification” of Sigma-Aldrich, which contains Lowry and Folin 
reactives. 

2.8. Blood glucose determination 

Lateral saphenous vein puncture was performed for blood sampling 
of rats following the procedure described by Hem (Hem et al., 1998). 
Blood sampling was performed weekly, and a maximum volume of 
10− 20 μL of blood was obtained using a 25− 27 G needle each time. 
Blood glucose was determined using the glucose meter Accu-Check 
Aviva meter (Roche) following manufacturer’s instructions. The estab-
lished end-point criterion was 200 mg/dL of glucose since this value is a 
hyperglycemia compatible with the diabetic disease. 

2.9. Statistics 

Data denote the means ± SD of measurements in n animals (n = 35 
mice for the isoflavone determination, n = 5 mice for the antioxidant 
enzymes determination and n = 157 mice for the longevity curve and 
n = 12 rats). Normality of distribution was checked with the Shapir-
o–Wilk test, and homogeneity of variance was tested by Levene’s sta-
tistics. Comparison between groups was performed with a one-way 
ANOVA and two tailed tests. Values of P < 0.05 were considered sta-
tistically significant. To estimate lifespan differences between groups, a 
Kaplan-Meier curve was performed. 

3. Results 

3.1. Plasma isoflavone concentration in male OF1 mice 

We determined plasma isoflavone concentration in mice consuming 
soya and no soya diet at 50 % of the lifespan. As expected, we found that 
mice consuming soya showed significant higher levels of the most 
abundant isoflavones in soya, genistein and daidzein, and the most 
important metabolite, equal, than the no soya feeding mice (Table 1). 

3.2. The effect of lifelong soya feeding on antioxidant defense in male 
OF1 mice 

We evaluated the effect of soya intake on antioxidant genes, specif-
ically, GPx and MnSOD at different points of the longevity curve. As 
shown in Fig. 1A and B, we found and increase of the GPx mRNA and 
protein expression at 80 %, 50 % and 10 % points of survival curve in 
mice consuming soya diet. This increase was only shown at 10 % of 
survival in the activity of the enzyme (Fig. 1C). 

Moreover, we didn’t find any change of the enzyme expression or 
activity with age, i.e., comparison of different points of the survival 
curve didn’t show any significant difference. 

Regarding MnSOD, we found that mRNA and protein levels were 
increased in mice feeding with soya at 10 % of the longevity curve 
(Fig. 2A and B), but at this point there were no significant differences in 
the activity of the enzyme (Fig. 2C). 

In this case, we showed a decrease of the mRNA expression of 
MnSOD with age, but this was not translated into similar results at the 
protein or activity level. 
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3.3. Lifespan in male OF1 mice fed with a soya-free or soya-rich diet 

Fig. 3 shows the survival curve of male OF1 mice fed with soya-free 
or soya-rich diet since weaning. As it can be clearly shown, no differ-
ences in lifespan were shown, either in half lifespan or in maximal 
lifespan. 

3.4. Lifespan in male type 2 diabetic rats fed with a soya-free or soya-rich 
diet 

As we didn’t find any difference in lifespan under optimal situation 
in male mice, we hypothesized that maybe this was since mice were 
healthy and soya could not increase lifespan, although it increases 
antioxidant capacity in the mice. For this reason, we used a model of 
metabolic stress in rats which are the Goto-Kakizaki rats. These animals 

Table 1 
Plasma isoflavone concentration in male OF1 mice.  

GROUP n  GENISTEIN (nM) DAIDZEIN (nM) EQUOL (nM) TOTAL (nM) 

NO SOYA 18 MEAN 0,24 0,44 29,64 30,32 
SD 0,36 0,68 49,12 

SOYA 17 
MEAN 9,32 8,59 575,08 

592,99 SD 8,56 7,42 336,07   
p value 0,000080 0,00005318 0,00000009 0,000066  

Fig. 1. mRNA, protein expression and activity of GPx in liver of male OF1 mice fed with a soya-free or soya-rich diet at different survival percentages in the longevity 
curve. A. mRNA expression, B. Protein expression, C. Enzymatic activity. Data are expressed as mean ± SD of 5 mice in each group. Significance is shown as: 
*P < 0.05, **P < 0.01. 

Fig. 2. mRNA, protein expression and activity of MnSOD in liver of male OF1 mice fed with a soya-free or soya-rich diet at different survival percentages in the 
longevity curve. A. mRNA expression, B. Protein expression, C. Enzymatic activity. Data are expressed as mean ± SD of 5 mice in each group. Significance is shown 
as: *P < 0.05, **P < 0.01, ***P < 0.001. 

Fig. 3. Survival curve of male OF1 mice fed with a soya-free or soya-rich diet. Total of 157 mice; 81 fed with a soya-free diet and 76 fed with a soya-rich diet.  
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develop type 2 diabetes with age. We fed with soya or no soya diet the 
rats at a starting point of 16 weeks of age and followed the levels of 
glycaemia along the time. 

We established an endpoint criterion of glycaemia above 200 mg/dL 
for sacrificing the rats. Fig. 4 shows that male GK rats fed with a soya diet 
lived longer than male GK rats fed with a no soya diet. Indeed, the half 
span was 31 weeks for no soya fed rats and 52 for soya fed rats. 
Therefore, soya diet protected male GK rats from the development of the 
disease, increasing their health span. 

However, when we determined antioxidant gene expression, we did 
not find any difference in male GK rats when comparing soya-free and 
soya-rich fed animals (Fig. 5a). Moreover, we determined peroxide 
production in isolated mitochondria, and again we did not find any 
difference between both groups. 

Therefore, in this case, we do find a beneficial effect of soya con-
sumption in healthspan, but this is not due to its antioxidant effect. 

4. Discussion 

The health beneficial effects of soya have been demonstrated, as well 
as the lack of side effects. Indeed, in our study we didn’t find any signal 
of side effects. However, soya effect on lifespan in control animals is 
controversial. Bartke et al. showed that soya protein intake can increase 
lifespan in two cases but not in all the mice tested (Bartke et al., 2004). 
In our case, we have employed male OF1 mice as control conditions and 
have found that in this particular strain, lifelong soya intake cannot 
increase lifespan, demonstrating that again this effect is strongly geno-
type dependent. Moreover, the effect of the sex employed might be very 
important, as females have higher levels of estrogens which can interact 
with the phytoestrogens present in soya. Moreover, the effect of the sex 
employed might be very important, as females have higher levels of 
estrogens which can interact with the phytoestrogens present in soya. 
There is a study that analyzed the effect of increasing genistein con-
centrations on the longevity of male and female populations of 
Drosophila melanogaster and their authors found that females lived 
longer than males in all cases either with genistein or without (Altun 
et al., 2011). 

To assess the beneficial effect of soya consumption in stressful con-
ditions, instead of stressing male OF1 mice with corticoids or a high-fat 
diet to induce diabetes, we used the GK rat model of diabetes, because 
this model develops the disease with age and they are not obese, which 
could interfere with the results. Moreover, fasting hyperglycemia in 
commonly used rodent models of type 2 diabetes is associated with 
increased corticosterone levels, and thus the underlying mechanism for 
hyperglycemia differs significantly from type 2 diabetes mellitus in 
humans (Beddow and Samuel, 2012). We show that male type 2 diabetic 
rats have an increased health span by the consumption of a soya-rich 
diet. This is in line with a recent study which showed that male mice 
supplemented with 0.2 % genistein in a high-fat diet for 12 weeks 

showed enhanced metabolic homeostasis, including reduced obesity, 
improved glucose uptake and insulin sensitivity (Chen et al., 2021). 
Similarly, another study performed in male GK rats proved that a 
soya-rich diet has preventive effects on hypertension as it normalized 
the decreased vasoconstriction following NaCl treatment, suggesting an 
improved vascular function (Pilvi et al., 2006). Moreover, another study 
performed in alloxan-induced diabetic male Sprague-Dawley rats 
showed that genistein treatment decreased weight loss and hypergly-
cemia while increasing blood insulin levels and glucose tolerance (Yang 
et al., 2011). It has also been reported that female ovariectomized Wistar 
rats on a high-fat diet that received genistein-enriched food for 10 weeks 
benefit from the anabolic potency of estrogen receptor beta (ERβ) acti-
vation that ameliorates lipid and glucose utilization in muscle (Weigt 
et al., 2013). Taken together, soya consumption seems to have beneficial 
effects that hamper the development of the diabetic disease. 

Our analysis of the antioxidant defense in male OF1 mice reveals that 
soya significantly increases both GPx and MnSOD gene and protein 
levels. Moreover, GPx activity was higher at 10 % survival and MnSOD 
activity was elevated at 80 % survival. In our group, we found similar 
results when feeding a soya rich diet to healthy rats (Mahn et al., 2005). 
These results are supported by the findings reported by Banz et al. who 
observed elevated liver catalase levels and Cu/Zn SOD activity following 
soya isoflavones injection treatment when compared to vehicle control 
group (Banz et al., 2004). Moreover, the mechanism by which phy-
toestrogens increase antioxidant gene expression has been also previ-
ously shown. They bind to estrogen receptors and activate 
MAPKinase-NFκB signalling pathways, which in turn activate the 
expression of MnSOD (Borrás et al., 2006). However, we have not found 
differences in antioxidant genes expression in the case of GK rats. 
Nevertheless, it is interesting to note that other studies did have found 
differences. Indeed, we showed some years ago that soya consumption 
increased antioxidant enzyme expression in healthy rats (Mahn et al., 
2005) and a more recent study observed in male GK rats that soya iso-
flavones treatment reduced diabetes-related oxidative reactions 
together with enhanced expression of Nrf2, HO-1, and NQO-1, increased 
levels of SOD, GPx, and catalase activities as well as reduced MDA 
content (Ke et al., 2020). Furthermore, it has been demonstrated that 
genistein alone was able to restore the GSH content and the GSH/GSSG 
ratio, as well as the iNOS and eNOS content in thoracic aorta from 
diabetic rats, thus restoring the nitric oxide (NO) physiological con-
centration in vasculature (Valsecchi et al., 2011). 

We have found a paradox: when we don’t find differences in 
longevity between soy and soy-free fed mice we do find differences in 
antioxidant gene expression. However, when we do find differences in 
health span between soy and soy-free fed rats, we do not find differences 
in antioxidant gene expression. This is in keeping with other studies that 
have shown no correlation between lifespan and antioxidant genes 
overexpression in mice (Perez et al., 2009; Ristow and Zarse, 2010; 
Selman et al., 2013; Vina et al., 2013; Yang and Hekimi, 2010). 

Fig. 4. Survival curve of male GK rats fed with a soya-free or soya-rich diet. Total of 12 rats; 6 fed with a soya-free diet and 6 fed with a soya-rich diet.  
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Taken together, we have found that soya consumption exerts bene-
ficial effects under metabolic stress conditions such as type 2 diabetes 
but does not exert a protective effect on longevity when the animals are 
healthy, and that it is not clear whether antioxidant enzyme expression 
in involved in this protective effect. More studies are needed to clarify 
the mechanism by which soya consumption exerts its beneficial effects. 

5. Conclusions 

Lifelong soya consumption does not increase lifespan in male OF1 
mice, despite we find an increase in the mRNA expression, protein 
expression and activity of GPx and Mn-SOD antioxidant enzymes. 
However, male type 2 diabetic rats consuming a soya rich diet, develop 
the disease much slower than those receiving a soya free diet. We 
conclude that soya consumption does not increase lifespan in control 
animals, but it does increase health span under a metabolic stress, such 
as type 2 diabetes mellitus. 
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