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INTRODUCTION

Vigna angularis (Leguminosae) has long been cultivated 
throughout East Asia. The seed of this plant has been used 
as a food or a traditional medicine for the treatment of several 
diseases such as edema, beriberi, constipation, and diabetes 
(Yao et al., 2011). Previous pharmacological studies on the 
seed of V. angularis (aka: adzuki beans) revealed that it has 
various therapeutic properties on the aging-related diseases 
such as arthritis, osteoporosis, type 2 diabetes, and hyperten-
sion (Mukai and Sato, 2009; Itoh et al., 2014; Oh et al., 2014; 
Yao et al., 2011).

Polyphenols are plant secondary metabolites and have 
attracted interest with impressive health benefits (Crozier et 
al., 2009). Genistein, a polyphenol compound, belongs to the 
category of isoflavones, and has been found almost every le-
guminous plants including adzuki beans (Fig. 1). Early studies 

indicated that genistein protects age-associated degenerative 
disorders such as myocardial infarction, hepatic failure, dia-
betes, obesity and brain damage (Behloul and Wu, 2013; Lee 
et al., 2014; Lin et al., 2014; Wang et al., 2014). In addition, 
genistein proved to be effective in neuroprotection and bone 
loss in animal models via estrogen-mimicking activity (Moran 
et al., 2014; Song et al., 2014).

However, no systematic study concerning the lifespan-ex-
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The seed of Vigna angularis has long been cultivated as a food or a folk medicine in East Asia. Genistein (4′,5,7-trihydroxyisofla-
vone), a dietary phytoestrogen present in this plant, has been known to possess various biological properties. In this study, we 
investigated the possible lifespan-extending effects of genistein using Caenorhabditis elegans model system. We found that the 
lifespan of nematode was significantly prolonged in the presence of genistein under normal culture condition. In addition, genis-
tein elevated the survival rate of nematode against stressful environment including heat and oxidative conditions. Further studies 
demonstrated that genistein-mediated increased stress tolerance of nematode could be attributed to enhanced expressions of 
stress resistance proteins such as superoxide dismutase (SOD-3) and heat shock protein (HSP-16.2). Moreover, we failed to find 
genistein-induced significant change in aging-related factors including reproduction, food intake, and growth, indicating genistein 
exerts longevity activity independent of affecting these factors. Genistein treatment also led to an up-regulation of locomotory 
ability of aged nematode, suggesting genistein affects healthspan as well as lifespan of nematode. Our results represent that 
genistein has beneficial effects on the lifespan of C. elegans under both of normal and stress condition via elevating expressions 
of stress resistance proteins.
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Fig. 1. Structure of genistein.
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tending activity of genistein has been published yet. Here we 
isolated genistein from the phenolic-rich ethyl acetate soluble 
fraction of V. angularis and evaluate its longevity effects us-
ing Caenorhabditis elegans model system. Furthermore, to 
validate the possible mechanism of genistein, expressions 
of stress resistance proteins and aging-related factors were 
analyzed.

MATERIALS AND METHODS

General
1H- and 13C-NMR spectra were determined on a JEOL JMN-

EX 400 spectrometer (Tokyo, Japan). Sephadex LH-20 was 
used for column chromatography (GE Healthcare, Uppsala, 
Sweden). The absorbance was determined using microplate 
reader (ELISA, Sunrise, Grödig, Austria). TLC was carried 
out on Merck (Darmstadt, Germany) precoated silica gel F254 

plates and silica gel for column chromatography was Kiesel 
gel 60 (230-400 mesh, Merck, Darmstadt, Germany). Spots 
were detected under UV and by spraying with 10% H2SO4 in 
ethanol followed by heating for 3 min. All other chemicals and 
solvents were of analytical grade and used without further pu-
rification. Selected peptone and yeast extracts were obtained 
from BD bioscience (Sparks, USA). Agar, 2’,7’-dichlorodihy-
drofluoroscein diacetate, methyl viologen dichloride hydrate 
(paraquat), catalase, xanthine, xanthine oxidase, and nitro-
blue tetrazolium were purchased from Sigma (St. Louis, USA).

Plant materials, extraction and isolation 
The seeds of V. angularis were provided from National In-

stitute of Crop Science, Gyeongsangbuk-do of Korea in 2013. 
A voucher specimen was deposited in the herbarium of the 
College of Pharmacy, Woosuk University (WSU-13-008). The 
shade dried plant material (720 g) was extracted three times 
with methanol at 55°C and filtered. The extracts were com-
bined and evaporated in vacuo at 50°C. The resultant metha-
nolic extract (84 g) was successively partitioned as n-hexane 
(650 mg), methylene chloride (11.27 g), ethyl acetate (1.2 g), 
n-butanol (14.49 g) and H2O soluble fractions. Ethyl acetate 
soluble fraction showed the most potent lifespan extending 
activity in V. angularis (data are not shown). Sephadex LH-20 
(MeOH) column of ethyl acetate soluble extract gave five frac-
tions (EA1-EA5). Fraction EA2 (1.2 g) was chromatographed 
by silica gel column chromatography (CHCl3-MeOH-H2O, 
40:10:1) to give five subfractions (EA21-EA25). Subfraction 
EA24 (120 mg) was chromatographed by silica gel column 
(CHCl3-MeOH-H2O, 30:10:1) and purified by RP Lobar-A col-
umn (MeOH-H2O, 40:60) to give compound 1 (21.2 mg). 

Genistein (1)
1H-NMR (400 MHz, DMSO-d6) δ : 12.94 (1H, br s, 5-OH), 

9.57 (1H, br s, 4'-OH), 8.30 (1H, s, H-2), 7.36 (2H, d, J=8.4 
Hz, H-2', 6'), 6.80 (2H, d, J=8.4 Hz, H-3', 5'), 6.37 (1H, d, J=2.0 
Hz, H-8), 6.21 (1H, d, J=2.0 Hz, H-6). 13C-NMR (100 MHz, 
DMSO-d6) δ : 157.3 (C-2), 122.2 (C-3), 180.1 (C-4), 161.9 (C-
5), 98.9 (C-6), 164.2 (C-7), 93.6 (C-8), 157.5 (C-9), 104.4 (C-
10), 121.1 (C-1′), 130.1 (C-2′), 115.0 (C-3′), 157.5 (C-4′), 115.0 
(C-5′), 130.1 (C-6′). Structure characterization of compound 1 
was carried out by interpretation of their spectral data com-
parison with the data reported in the literature.

C. elegans strains and maintenance
Bristol N2 (wild-type) was kindly provided by Dr. Myon-Hee 

Lee (East Carolina University, NC, USA). The worms were 
grown at 20°C on nematode growth medium (NGM) agar plate 
with Escherichia coli OP50 as described previously (Brenner, 
1974). To prepare plates supplemented with genistein, the 
stock solution in DMSO was inserted into autoclaved NGM 
plates (at 50°C). A final DMSO concentration of 0.2% (v/v) was 
maintained under all conditions. 

Lifespan assay
The lifespan assays were performed using wild-type at 

least 3 times independently at 20°C. To obtain age-synchro-
nized nematodes, eggs were transferred to NGM plate in the 
absence or presence of sample after embryo isolation. Test 
worms were considered dead when they failed to respond to 
prodding with the tip of a platinum wire (Lithgow et al., 1995). 
The worms were transferred to fresh NGM plate every 2 days.

Determination of stress resistance
The age-synchronized N2 worms were bred on NGM agar 

plates with or without various concentrations of sample. For 
the heat tolerance assay the adult day 4 worms were trans-
ferred to fresh plates and then incubated at 36°C. The viabil-
ity was scored over 16 h as previously described (Lee et al., 
2005). Oxidative stress tolerance was assessed as described 
previously with minor modification (Mekheimer et al., 2012). 
Briefly, the adult day 7 worms were subjected to containing 85 
mM paraquat liquid culture and then survivals were recorded 
over 46 h. 

Measurement of antioxidant enzyme activities
To assess enzymatic activity, the worm homogenates were 

prepared. Briefly, the wild-type worms were harvested from 
plate with M9 buffer on the adult day 5 and washed 3 times. 
Then, the collected worms were resuspended in homogeniza-
tion buffer (10 mM Tris-HCl, 150 mM NaCl, 0.1 mM EDTA, 
pH 7.5) and homogenized on ice. SOD activity was measured 
spectrophotometrically analysing the decolorization of forma-
zan using enzymatic reaction between xanthine and xanthine 
oxidase. The reaction mixture contained 5 mL of worm homog-
enates and 120 mL of 1.6 mM xanthine, 0.48 mM nitrobluetet-
razolium (NBT) in 10 mM phosphate buffer (pH 8.0). After pre-
incubation at room temperature for 5 minutes, the reaction 
was initiated by adding 100 mL of xanthine oxidase (0.05 U/ml) 
and incubation at 37°C for 20 min. The reaction was stopped 
by adding 275 mL of 69 mM SDS, and the absorbance at 570 
nm was measured. SOD activity was expressed as a percent-
age of the scavenged amount per control. Catalase activity 
was calculated by spectrophotometry as previously described 
(Aebi, 1984). Briefly, the prepared homogenates were mixed 
with the 25 mM H2O2 and after 5 min incubation, absorbance 
was determined at 240 nm. Catalase activity was expressed 
in U/mg protein (1 unit will decompose 1.0 mM of H2O2 per min 
at pH 7.0 at 25°C).

Fluorescence microscopy and visualization
The age-synchronized transgenic strains including CF1553 

containing a SOD-3::GFP reporter and CL2070 containing 
HSP-16.2::GFP reporter were maintained in the presence 
or absence of genistein. Prior to microscopy observation, 
CL2070 mutants were received heat shock at 36°C for 2 h 
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and allowed to recover at 20°C for 4 h. On the 3rd days of 
adulthood, both transgenic animals were anesthetized with 
sodium azide (2%) and mounted on 2% agarose pad. The 
GFP fluorescence of GFP-expressing populations was directly 
observed under a fluorescence microscope (Nikon Eclipse Ni-
u, Japan). To determine the protein expression levels, pho-
tographs of the transgenic worms were taken and assayed 
using ImageJ software. All experiments were done in triplicate

Measurement of aging-related factors and locomotion
The age-synchronized N2 worms were bred on NGM agar 

plates with or without genistein. On the 4th day of adulthood, 
single worms were transferred to fresh plate followed by phar-
ynx contractions and body movements of animals were count-
ed under an inverted microscope for 1 min. For the growth 
alteration assay, photographs were taken of worms, and the 
body length of each animal was analyzed by the Nikon soft-
ware (Nikon, Japan). Reproduction assay was conducted as 
follows. N2 worms were raised from embryo as in the lifes-
pan assay. L4 larvae were individually transferred to the fresh 
plate every day to distinguish the parent from the progeny. The 
progeny was counted at the L2 or L3 stage. On the 7th days 
of adulthood, single worms were transferred to fresh plate fol-
lowed by body movements were recorded under an inverted 
microscope for 20 seconds. The body movements of animals 
were analyzed by Nikon image software. All tests was com-
pleted in triplicate.

Data analysis
The data from the lifespan assay and stress resistance as-

says were plotted using Kaplan-Meier analysis and statistical 
significance was analyzed by log-rank test. Other data were 
presented as mean ± or standard error of the mean, as indi-
cated. Statistical significance of differences between the con-
trol and treated groups were analyzed by one-way analysis of 
variance (ANOVA).

RESULTS

Effects of genistein on the lifespan of C. elegans
To determine the lifespan extension properties of genistein, 

lifespan assays were performed with wild-type N2 worms. As 
shown in Fig. 2A, concentration-dependent effect of genistein 
was observed. In addition, there was a significant increase 
(27.9% at 100 mM of genistein, p<0.001) in the estimated 
mean life of genistein treated worms compared to control 
worms (Fig. 2B). The mean life duration was 21.0 ± 0.3 days 
for control worms, and the mean life duration of genistein for 
the worms fed at 100 mM were 24.0 ± 0.7 days.

Effects of genistein on the stress tolerance of C. elegans
We determined the effect of genistein on two different kinds 

of stress conditions including thermal and oxidative stress us-
ing wild-type N2 worms. As can be seen in Fig. 3, we could 
observe that genistein exposure induced significant increases 
in thermotolerance, and consequently elevated survival rate 
of worms. Further, genistein exposure extended the maximum 
lifespan of worms by 68.4% (100 mM, p<0.001, Fig. 3A). More-
over, it was found that genistein treated N2 worms lived longer 
than control worms under oxidative stress conditions induced 
by 85 mM paraquat in a concentration-dependent manner 
(100 mM, p<0.01, Fig. 3B).

Effects of genistein on the stress resistance proteins of  
C. elegans

In order to verify the action of genistein on the lifespan and 
stress resistance of nematodes, effect of genistein on the an-
tioxidant enzyme activities were investigated. The SOD and 
catalse enzymatic activities were measured spectrophotomet-
rically using prepared worm homogenates. Results showed 
that genistein was able to elevate SOD and catalase activities 
of worms significantly by 7.07% and 17.8% at 100 mM, respec-
tively (p<0.01, Fig. 4A and B). Then, to investigate whether 
genistein-mediated increased stress tolerance was due to 
regulation of stress-response genes, we quantified SOD-3 
and HSP-16.2 expressions using transgenic strains includ-

Fig. 2. Effects of genistein on the lifespan of wild-type N2 nematodes. Worms were grown in the NGM agar plate at 20oC in the absence or 
presence of genistein. The number of worms used per each lifespan assay experiment was 27-41 and three independent experiments were 
repeated (N=3). (A) The mortality of each group was determined by daily counting of surviving and dead animals. (B) The mean lifespan of 
the N2 worms was calculated from the survival curves. Statistical difference between the curves was analyzed by log-rank test. Error bars 
represent the standard error of mean (S.E.M.). Differences compared to the control were considered signifiant at **p<0.01 and ***p<0.001 
by one-way ANOVA.
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Fig. 4. Effects of genistein on the stress resistance proteins of wild type N2 nematodes. (A) The enzymatic reaction of xanthine with xan-
thine oxidase was used to generate •O2- and the SOD activity was estimated spectrophotometrically through formazan formation by NBT 
reduction. SOD activity was expressed as a percentage of the scavenged amount per control. (B) Catalase activity was calculated from the 
concentration of residual H2O2, as determined by a spectrophotometric method. Catalase activity was expressed in U/mg protein. Effects 
of genistein on the expression of SOD-3 and HSP-16.2 was determined using transgenic nematodes. Mean GFP intensity of CF1553 (C) 
and CL2070 (D) mutants were represented as mean ± S.E.M. of values from 18 to 26 animals per each experiment. The GFP intensity was 
quantified using Image software by determining average pixel intensity.  Images of SOD-3::GFP (E) and HSP-16.2::GFP (F) expressions of 
CF1553 worms in the presence or absence of genistein. Data are expressed as the mean ± standard deviation of three independent experi-
ments (N=3). Differences compared to the control were considered significant at *p<0.05, **p<0.01 by one-way ANOVA. 

Fig. 3. Effects of genistein on the stress tolerance of wild-type N2 nematodes. (A) To assess thermal tolerance, worms were incubated at 
36oC and then their viability was scored. (B) For the oxidative stress assays, worms were transferred to 96-well plate containing 85 mM of 
paraquat liquid culture, and then their viability was scored. Statistical difference between the curves was analyzed by log-rank test. All ex-
periments were done in triplicates.
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ing CF1553 and CL2070, respectively. Our data shows that 
genistein-treated CF1553 worms exhibited significantly higher 
SOD-3::GFP intensity (25.1% at 100 mM, p<0.01), compared 
with untreated control worms. (Fig. 4C, E)  The CL2070 worms 
containing HSP-16.2::GFP reporter gene were received heat 
shock at 36°C for 2 h and allowed to recover at 20°C for 4 
h, followed by quantifying fluorescence intensity. This heat 
shock-induced HSP-16.2::GFP expression was further up-
regulated by 100 mM of genistein about 11.1% (p<0.01, Fig. 
4D, F).

Effects of genistein on the aging-related factors of C. elegans
In order to verify the mechanism of genistein on the lifespan 

of nematodes, we observed genistein-induced change in pa-
rameters of aging-related factors such as progeny, pharyngeal 
pumping, and body length. We found that genistein slightly 
decreases the reproduction rate and food intake, compared 
to control worms without statistical significance (Fig. 5A, B). 
In addition, we could not detect any differences in growth rate 
between genistein-fed worms and control worms (Fig. 5C). 
These results demonstrate that the alteration of aging-related 
factors is not responsible for genistein’s longevity action in C. 
elegans.

Effects of genistein on the locomotory activities in C. elegans
C. elegans decline in movement with age is similar to hu-

man decrepitude (Herndon et al., 2002). To determine the ef-
fects of genistein on the age-associated functional changes 
in C. elegans, we measured the body movement of worms 
after genistein treatment. Interestingly, genistein-fed worms 

effectively delayed age-related deterioration of body move-
ment, compared with untreated aged worms (Fig. 5D). Our 
data shows that genistein enhances the travel range of worms 
per 20 seconds about 11.5% at 50 mM and 13.7% at 100 mM, 
respectively. (p<0.05, Fig. 5D).

DISCUSSION

Here in this work, we isolated genistein from the seed of V. 
angularis and elucidated its longevity activity in C. elegans. 
Our lifespan assay results represent that lifespan of wild-type 
worms was significantly lengthened in the presence of genis-
tein in a concentration-dependent manner under normal cul-
ture conditions. In addition, genistein considerably enhanced 
the survival rate of worms under both of paraquat-induced 
oxidative stress and heat stress conditions. Since there is a 
clear correlation between lifespan-extension and the stress 
resistance (Kenyon, 2010), protective ability against stress 
condition may positively affect genistein-mediated prolonged 
lifespan.

To explain how genistein eliminates oxidative stress, we 
analyzed the antioxidant enzyme activities using worm ho-
mogenates. Our results shows that both of SOD and catalase 
enzyme activities were significantly up-regulated by genistein, 
indicating attenuation of hydroxyl radical levels results in di-
minished oxidative stress. Genistein is a phenolic compounds, 
and thus, has very strong antioxidant capacity. Therefore, ge-
nistein may also mimic antioxidant enzyme activities via direct 
scavenging of reactive oxygen species. To exclude this pos-

C
on

tro
l

10
0

M�

C
on

tro
l

10
0

M�

C
on

tro
l

B

P
u
m

p
in

g
ra

te
/m

in

300

250

200

150

100

50

0

50
M�

D

M
o
v
e
m

e
n
t

(
m

)
�

50
M�

*

4,500

4,000

3,500

3,000

2,500

2,000

C

B
o
d
y

le
n
g
th

(
m

)
�

2,000

1,800

1,600

1,400

1,200

1,000

800
600
400
200

0

50
M�

10
0

M�

A

P
ro

g
e
n
y

n
u
m

b
e
r/

W
o
rm

250

200

150

100

50

0
Total1 2 3 4 5 6 7

Days of adulthood

Control

50 M

100 M

�

�
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sibility we tested whether genestein affects the gene expres-
sions of SOD-3 using GFP-expressing transgenic worms. It 
appears that genistein-fed worms had higher GFP intensity 
compared with the control, indicating increased SOD-3 ex-
pression. Consistent with this finding, previous report demon-
strates that activities of SOD, catalase, and glutathione per-
oxidase were enhanced by genistein in rats (Ding and Liu, 
2011). Moreover, Fan’s group also noted that genistein could 
activate hepatic glutathione peroxidase in acetaminophen-
treated mice (Fan et al., 2013). Since oxidative stress is a ma-
jor factor limiting lifespan in invertebrates as well as mammals 
(Kampkotter et al., 2007), in vivo antioxidant properties of ge-
nistein might be attributed to extended lifespan and increased 
survival rate under oxidative stress condition.

We then tried to reveal possible involvement of HSP-16.2 
in the genistein-mediated stress resistance. Heat shock pro-
teins (HSPs) are expressed under stress condition, and thus, 
are believed to be a stress-sensitive reporters which can pre-
dict the longevity (Swindell, 2009). The HSP-16.2 family are 
homologous to chaperone protein, ab-crystallin in C. elegans 
and higher HSP-16.2 levels predict longer remaining lifes-
pan (Rea et al., 2005). We found that HSP-16.2 expression 
induced by heat shock was significantly elevated in the ge-
nistein-fed worms, suggesting longevity and enhanced stress 
tolerance of genistein may also be explained by this property.

We further investigated whether genistein affects aging-
related factors such as reproduction, food intake, and growth. 
Previous studies suggest that reductions in reproduction, food 
intake, and body size are closely interconnected with longevity 
(Bordone and Guarente, 2005; Partridge et al., 2005; Morck 
and Pilon, 2006). In this study, there was no significant varia-
tion in the body length, number of progeny and pharyngeal 
pumping between genistein-fed worms and control worms. To-
gether these results provide evidence that genistein extends 
lifespan independent of altering aging-related factors. Although 
we could not detect any significant decrease in reproductive 
ability of worms, previous studies suggest that phytoestrogen 
exposure negatively affects reproductive health (Jefferson et 
al., 2012). One possible explanation for this opposite results 
is that C. elegans has different type of reproductive system 
(hermaphrodite and male) compared to mammals.

To explore whether genistein affects functional aging, loco-
motion assay was conducted. Interestingly, genistein signifi-
cantly up-regulated the body movement of worms, indicating 
genistein-mediated lifespan-extension was not possibly as-
sociated with decreased metabolic rate. This result also sug-
gests that genistein provide a beneficial effects on healthspan 
as well as lifespan.

In contrast to our study, Altun’s group reported that genis-
tein treatment decreased the lifespan of Drosophila (Altun et 
al., 2011). They estimated that genistein-induced oxidative 
damage was followed by shortened lifespan of fly. However, 
it is somewhat surprising, because genistein has been ex-
hibited strong antioxidant potential in various in vitro and in 
vivo experimental models (Lee, 2006; Ma et al., 2010; Gong 
et al., 2014; Javanbakht et al., 2014). Furthermore, it is well 
known that estrogens up-regulate longevity-associated genes 
(Borras et al., 2005). Previous in vitro study revealed that 
genistein, a phytoestrogen, mimics estrogen activity and up-
regulates the expression of longevity-related genes similar to 
17b-estradiol via interactions with estrogen receptor and acti-
vation of ERK1/2 and NF-κB (Borras et al., 2006). 

In conclusion, herein our work, genistein displayed lifespan-
extension of C. elegans via its antioxidant potential and regu-
lating stress resistance protein. Yet, since the present data are 
preliminary, the question as to whether genistein provide posi-
tive or negative action against aging in mammals is still open 
and further studies are required.
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