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Abstract — Recently, many studies have focused on the aging and oxidative stress. Several papers reported that Vigna angularis
has various biological properties including antiaging, antioxidative and anti-inflammatory activities. Methanol extract from the
red bean sprouts was successively partitioned as #-hexane, methylene chloride, ethyl acetate, #-butanol and H,O soluble frac-
tions. We had studied lifespan extending and stress resistant effects of the fractions using Caenorhabditis elegans. Superoxide
dismutase (SOD), catalase activities, and intracellular reactive oxygen species (ROS) levels were also investigated. Moreover,
we had studied to find any significant change in aging-related factors such as reproduction, food intake, growth and movement
of C. elegans. Our results represent that ethyl acetate fraction showed the most potent lifespan extending and stress resistant
effects, and this fraction was able to elevate SOD and catalase activities of worms, and reduce intracellular ROS accumulation.
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Fig. 1. Effects of fractions from red bean sprouts on the lifespan of wild-type N2 nematodes. Worms were grown in the NGM agar
plate at 20°C in the absence or presence of fractions from red bean sprouts. The number of worms used per each lifespan assay
experiment was 30-40 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. Sta-
tistical difference between the curves was analyzed by log-rank test. Error bars represent the standard error of mean (S.E.M.). Dif-
ferences compared to the control were considered signicant at *p<0.05 and ***p<0.001 by one-way ANOVA.

Table 1. Effects of fractions from red bean sprouts on the lifespan of C. elegans

Fraction (500 pg/mL) Mean( dI;;f)espan Max1m?£y;1fespan C};?;;i;ag] (r.;:;an Log-rank test
Control 10.0+0.4 18 - -
Methanol 8.7+0.4 14 -12.9 -
n-Hexane 12.1+0.5 17 20.3 *p<0.05
Methylene chloride 10.6+0.4 20 5.8 -
Ethyl acetate 13.2+0.4 20 31.7 ***p<(0.001
n-Butanol 10.0+0.4 13 0.1 -

Mean lifespan presented as mean+S.E.M data. Change in mean lifespan compared with control group (%). Statistical significance
of the difference between survival curves was determined by log-rank test using the Kaplan-Meier survival analysis. Differences
compared to the control were considered significant at *p<0.05 and ***p<0.001.
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Fig. 2. Effects of fractions from red bean sprouts on the stress tolerance of wild-type N2 nematodes. (A) To assess thermal
tolerance, worms were incubated at 36°C and then their viability was scored. (B) For the oxidative stress assays, worms were
transferred to 96-well plate containing 1 mM of juglone liquid culture, and then their viability was scored. Statistical difference
between the curves was analyzed by log-rank test. All experiments were done in triplicates.

Table II. Effects of fractions from red bean sprouts on the stress tolerance of C. elegans

cosr;[(;?tsison Fraction (500 pg/mL) Mean (::)f espan ]z\f/([;;:;luzg) C};?gi:alnn (r(;;an Log-rank test
Control 9.8+0.4 13 - -
Methanol 10.8+0.4 15 9.7 -
t ;eii:al r-Hexane 11.0£0.4 16 12.1 -
tolerance Methylene chloride 11.6+0.4 17 18.6 **p<0.01
Ethyl acetate 12.7+0.6 21 29.6 **p<0.01
n-Butanol 10.7+0.5 16 8.9 -
Control 4.8+0.3 9 - -
Methanol 5.3+0.4 10 29.7 -
1 mM n-Hexane 7.440.6 14 52.8 **p<0.01
Juglone Methylene chloride 6.2+0.5 11 29.7 *p<0.05
Ethyl acetate 8.5+0.7 14 76.0 **%1p<0.001
n-Butanol 6.0£0.5 13 24.7 *p<0.05

Mean lifespan presented as meantS.E.M data. Change in mean lifespan compared with control group (%). Statistical significance
of the difference between survival curves was determined by log-rank test using the Kaplan-Meier survival analysis. Differnces
compared to the control were considered significant at p<0.05* and *** p<0.001.
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Fig. 3. Effects of fractions from red bean sprouts on the stress resistance proteins of wild type N2 nematodes. (A) The enzymatic
reaction of xanthine with xanthine oxidase was used to generate *O,- 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 H,0O,, as determined by a spectrophotometric method. Cat-
alase activity was expressed in U/mg protein. Data are expressed as the mean=S.E.M. of three independent experiments (N=3). Dif-
ferences compared to the control were considered significant at *p<0.05, **p<0.01 by one-way ANOVA.
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Fig. 4. Effects of fractions from red bean sprouts on the intra-
cellular ROS accumulation of wild type N2 nematodes. Intra-
cellular ROS accumulation was quantified spectrometrically at
excitation 485 nm and emission 535 nm. Plates were read
every 30 min for 2 h. Data are expressed as the mean+S.E.M.
of three independent experiments (N=3). Differences compared
to the control were considered significant at *p<0.05, **p<0.01
by one-way ANOVA.

HEA3AY. A AT 3
St ethyl acetatel™-2]
T4 JA Tz I e &
& HERATH(Fig. 4).

Bo) 3k Fe dizas v
1 oF 13.5% (**p<0.01)=
g

e A4 AR

&7 Fat ME | SOD-3, HSP-16.2 &8 &} &:
fraztel & 2EH S 270 st WA a‘%ﬁﬂg

Hkg- §HRte] Z7F o H-E dolry] 18, SOD-3 2 HSP-
1625 %33 ¥4 Xd% A% CF1553 2 CL2070S A%
SHATE CF1553 P23 A5l B3 U= ethyl acetater
g FoAg o] xmﬂxl 252> A%l M3l (Fig. 6A and
6C) %33] =2 SOD-3:GFP & &(17.2%, **p<0.01)=
HoZFQTth CL2070 §-AAS 233
36CollA €& 7Fstar 11 % 20ColA] 3] 5A]Z1
3 HSP-16.2:GFP &% 7% et A, J*+1+§4
ethyl acetatet™ %] Fof - heat shocko 2 §ut¥ HSP-
16.2::GFP 28-S °F 9.8% (*p<0.05) 7} % thFig. 6B
and 6D).

L5 QXL BY — FFUE 18 Folof i 5]
T HAUS mA e G Glst7] S8 A2, A4,
w40 B S S8t tixa vlaste] A3
A2 4203t 8UA ol olel 4 8UAl 2AY B

3 H2o 247+ Eok

T o e 9 VIR e AeE FRIEATHFig.
5A-5D).
o &

T2 LAES AFOoR o] UM IS Fdst &
o]

ol Qe kg ER 2uA Ank” 2 dpelXE o
WnpES R R AMgSle] BFUE 230 s 2z}



Vol. 46, No. 3, 2015

A M09 = Control
mmm  Methanol
£ 200 = p-Hexane
5 “| === Methylene chloride
2 = Fthyl acetate
~ 150 == p-Butanol
] ( Each 500 pg/mL )
el
€
< 100
>
e
(]
o)
o 50
[y
0- L

adl ad2 ad3 ad4 ad5 ad6 ad7  Total

Days of adulthood
C 2000+
( Each 500 pg/mL)
~ 1500 ]
1S
=
s
K
5 1000
o
9
>
he]
& 500
0_

T T
Control Methanol n-Hexane Methylene Ethyl n-Butanol
chloride acetate

219

=3 Control =3 Methylen chloride
300 mEmm Methanol Em Ethyl acetate
Bl n-Hexane EEE n-Butanol
E 250- - ((Each 500 pg/mL )
=~ —_—
[0} .
'5200 _ -
-
2150
Q
€ 1001
a
50
0 - |
Days of adulthood
=3 Control =3 Methylen chloride
6000+ m=m  Methanol EEE Ethyl acetate
5000 BN n-Hexane MR n-Butanol
£ . . ( Each 500 pg/mL)
3
4000+
Py -
g
£ 3000
]
8 2000
=
10004
0 - ||

Days of adulthood

Fig. 5. Effects of fractions from red bean sprouts on the various aging-related factors of wild-type N2 nematodes. (A) Daily and
total reproductive outputs were counted. The progeny was counted at the L2 or L3 stage. (B) On the 4th days of adulthood, the
pharyngeal pumping rates were measured. (C) For the growth alteration assay, photographs were taken of worms and the body
length of each animal was analyzed. (D) The body movements were counted under a dissecting microscope for 10 seconds.
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Fig. 6. Effects of red bean sprouts on the expression of SOD-3 and HSP-16.2 was determined using transgenic nematodes. Mean
GFP intensity of CF1553 (A) and CL2070 (B) mutants were represented as meantS.E.M. of values from 20 to 25 animals per each
experiment. The GFP intensity was quantified using Image software by determining average pixel intensity. Images of SOD-3::GFP
(C) and HSP-16.2::GFP (D) expressions of CF1553 worms in the presence or absence of red bean sprouts. Data are expressed as
the meantstandard deviation of three independent experiments (N=3). Differences compared to the control were considered sig-

nificant at *p<0.05 and **p<0.01 by one-way ANOVA.
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