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Abstract. Caenorhabditis elegans (C. elegans) was used as an animal model to study the 

influence of isoflavone daidzein and daidzein metabolites, including dihydrodaidzein (DHD), 

O-desmethylangolensin (O-Dma) and equol, on lifespan in C. elegans at the concentration of 

0.1 mmol/L. The results showed that equol significantly increased the lifespan of C. elegans; 

however, O-Dma significantly shortened the lifespan of C. elegans. No obvious difference in 

lifespan was observed when the worms were exposed to daidzein and DHD, respectively. 

Further study on stress resistance demonstrated that both the thermal and oxidative stress 

tolerance capacity of C. elegans was significantly enhanced after being exposed to equol.  

Introduction 

Isoflavones, which are mainly composed of daidzein and genistein are functional food 

factors recognized in soy. Studies have shown that soy isoflavones can exert multiple biological 

activities, such as antioxidant[1], anti-carcinogenesis[2], a reduced risk of cardiovascular 

diseases[3], and a potentially protective role for menopausal symptoms and osteoporosis[4]. 

However, more recently attention has shifted to isoflavone metabolites, which are the products 

of isoflavone metabolism via specific isoflavone biotransforming bacteria in the gut. 

Accumulative evidences suggest that daidzein metabolites including dihydrodaidzein (DHD), 

O-desmethylangolensin (O-Dma) and equol, are of stronger or wider bioactivities than their 

precursor isoflavones[5-7]. In our previous study, we have demonstrated that the microbial 

metabolites of daidzein, including DHD, O-Dma and equol showed significantly stronger 

free-radical scavenging activity than that of daidzein in vitro[8].  

Caenorhabditis elegans offers many advantages as a model for biological studies due to its 

simplicity, transparency, ease of cultivation, and completely sequenced genome[9].  In 

particular, its short life cycle makes it suitable for aging studies[10]. In the present study, we 

prepared the microbial metabolites of daidzein and investigated the anti-aging activity of 

daidzein and daidzein metabolites by using Caenorhabditis elegans as a model. In addition, 

both the thermal tolerance and oxidative stress tolerance were studied. Our results showed for 

the first time that equol not only significantly increased the lifespan of C. elegans but also 

significantly enhanced the resistance against both thermal and oxidative stress.  

Materials and Methods  

Chemicals and Reagents 

Chemicals daidzein was purchased from Indofine (Somerville, NJ). Daidzein metabolites, 

including DHD[11]., O-Dma[12]. and equol[13]., were prepared by using our previous 
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microbial biotransformation methods. The enantiomeric excess (% e.e.) of the  biosynthesized 

DHD was zero and that of the biosynthesized O-Dma and equol was 88.3% and 100%, 

respectively. In addition, equol is 100% ()-S-equol. FUDR (5-fluoro-2′-deoxyuridine) was 

bought from Sigma (98% purity). Juglone (5-hydroxy-1, 4-naphthoquinone, Sigma-Aldrich, 

97% purity), a reactive oxygen species-generating compound, was used to induce oxidative 

stress in worms.  

Worms and Escherichia Coli OP50  

Wild-type C. elegans N2 and Escherichia coli OP50 used in this study were kindly provided 

by Professor Chonglin Yang, Chinese Academy of Sciences, China. The worms were 

maintained and propagated on nematode growth medium (NGM) with standard 

techniques[14]. Strain E. coli OP50 was grown overnight in LB at 37ºC in an incubator 

followed by being centrifuged (4,000×g) for 10 min at 4ºC. The pellet was resuspended in S 

complete medium to an OD600 of approximately 0.90 and stored at 4ºC. 

Lifespan Analysis  

Lifespan assay were performed at 20ºC in a LRH-250A biochemical incubator. Synchronized 

worms were transferred to 24-well treatment plates when they grew to L4 stage. The worms 

were then transferred to fresh well every 2 days. Dead worms were scored under NTB-4B 

stereoscopic microscope every day. A complete absence of swimming movement even after 

being touched with a small pipette tip was scored as death. Treatment plates were prepared 

using the reproductive suppressant FUDR (50 μmol/L) and the indicated final concentrations 

of daidzein and daidzein metabolites was 0.1 mmol/L.  

Thermotolerance Assay 

Thermotolerance assay was performed with worms on adult day 2. Synchronized L4 worms 

exposed to 0.1 mmol/L of equol dispersed in live E. coli OP50 suspension were maintained at 

20ºC and shifted to 35ºC when the thermotolerance assay started. The numbers of surviving 

and dead worms were scored every 1 h.  

Oxidative Stress Assay 

Juglone sensitivity was assayed at 20ºC using 1-day-old adults. At that time the worms 

exposed to 0.1 mmol/L of equol dispersed in live E. coli OP50 suspension were transferred 

onto 24-well plate with 300 mol/L of juglone.   

Statistical Analyses  

Statistical analyses were carried out using the Kaplan-Meier method and differences in 

survival rates were tested using the Log-Rank test with 95% confidence. Analysis of variance 

in group comparisons was performed by One-way ANOVA and significance of differences 

between groups were determined by a Tukey’s multiple comparison tests. All statistical 

procedures were carried out in spss18.0 software.  

Results  

Biosynthesis of Daidzein Metabolites 

Daidzein metabolites, including dihydrodaidzein (DHD), O-desmethylangolensin (O-dma) and 

equol, were prepared from the substrate daidzein by using microbial biotransformation method. 
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Different daidzein metabolites were purified by semi-preparative high-performance liquid 

chromatography (HPLC). The purity of each biosynthesized DHD, O-Dma and equol is more 

than 99%. 

 

Fig.1 HPLC profiles for biosynthesis of daidzein metabolites  

Influence of Daidzein and Daidzein Metabolites on the Lifespan of C. elegans N2 

To determine whether daidzein and daidzein metabolites could affect the worm’s lifespan, we 

presented daidzein and daidzein metabolites, including DHD, O-Dma and equol, to the worms 

(Fig.2). The mean lifespan (in mean number of days ± standard error) of the control worms fed 

the standard laboratory food OP50 with 0.1 mmol/L of daidzein was 11.900 ± 1.154 d; that 

of the worms exposed to 0.1 mmol/L of DHD, O-Dma and equol were 11.100 ± 1.350 d, 

9.467 ± 0.859 d and 15.300 ± 1.079 d, respectively. Statistical analysis indicated that the 

mean lifespan of the worms exposed to 0.1 mmol/L of equol (P < 0.05) was significantly 

longer than those of the control worms exposed to 0.1 mmol/L of daidzein. However, on the 

contrary, the mean lifespan of the worms exposed to 0.1 mmol/L of O-Dma (P < 0.05) was 

significantly shortened. No obvious difference in lifespan was observed when the worms were 

exposed to the same concentration of DHD. In addition, we did not observe any change in 

body size when the worms exposed to daidzein and different daidzein metabolites in 

comparison with the control worms fed with OP50.  
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Fig.2 Effect of daidzein and daidzein metabolites  on the lifespan of C. elegans 

Influence of Equol on Thermal Stress Resistance in C. elegans N2  

In order to investigate whether the increased longevity was associated with the improved 

survival capability under stress condition, we detected the thermal stress resistance of the 

worms exposed to 0.1 mmol/L (Fig.3). The results showed that the mean survival time for the 

control and treated worms at 35ºC were  13.467 ± 0.782 h and 15.933 ± 0.835 h (P < 0.05) 

respectively.  

 

Fig.3 Effect of equol on resistance against thermal of C. elegans 

Influence of Equol on Oxidative Stress Resistance in C. elegans N2  

To evaluate the potential effect of equol on wild-type C. elegans N2 under oxidative stress, 

the worms were exposed to 300 μmol/L of juglone after being treated with 0.1 mmol/L of 

equol for 1 days (Fig.4). When the worms exposed to 0 mmol/L of equol (the control) and 0.1 

mmol/L of equol (the treatment) were continuously exposed to juglone for 10 h, the average 
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survival rate were 26.7% and 63.3%, respectively. Statistical analysis indicated that equol 

treatment significantly improved the mean survival of C. elegans under juglone-induced 

oxidative stress (P < 0.01). 

 

Fig.4 Effect of equol on resistance against oxidative stress of C. elegans caused by juglone 

Conclusions 

Our study demonstrated that equol  not only significantly increased the lifespan of C. elegans 

but also significantly enhanced the resistance against both thermal and oxidative stress at the 

concentration of 0.1 mmol/L. Neither daidzein nor DHD influenced the lifespan of C. elegans; 

however, O-Dma significantly shortened the lifespan of C. elegans at the concentration of 0.1 

mmol/L.  
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