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은행잎 성분 sciadopitysin의 항산화 및 수명연장 연구
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Abstract  In order to find lifespan extending compound from natural resources, subsequent activity-guided fractionation of

Ginkgo biloba leaves (Ginkgoaceae) methanol extract was performed using Caenorhabditis elegans model system. From the

most active ethyl acetate soluble fraction, sciadopitysin was isolated, and sciadopitysin showed the antioxidant activities in vitro

and in vivo experiments. Sciadopitysin revealed the potent lifespan-promoting activity and it elevated the survival rate of worms

against stressful environment including thermal, osmotic and oxidative conditions. As well, sciadopitysin was able to elevate

antioxidant enzyme activities of nematodes, and reduced intracellular ROS accumulation of N2 worms in a dose-dependent

manner. These results demonstrated that the increased stress tolerance of sciadopitysin-mediated nematode could be attributed

to promoted expressions of stress resistance proteins like heat shock protein (HSP-16.2) and superoxide dismutase (SOD-3).

And, intestinal lipofuscin level of nematode was decreased by sciadopitysin treatment compared with the control. Moreover it

was found that there were no significant changes due to sciadopitysin in aging-related factors including food intake, repro-

duction, movement and growth. These results suggest that sciadopitysin exerts longevity-promoting activity without affecting

above factors. Further study using knockout mutants such as daf-2 and age-1 showed that the sciadopitysin increased the activity

of DAF-16 gene which can improve the lifespan of the nematodes.
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Aging is defined by a gradual decline in physiological

functions of multiple tissues and organs, during the weak-

ening of organs which have self-renewal and repair abilities.1,2)

However, the causes of aging have not yet been compre-

hensively and quantitatively characterized.3) One of the more

currently accepted theories to explain the aging process is

free radical theory.4) Excessive free radicals can cause lipid

peroxidation, damage biological macromolecules, and lead

to cell damage such as nuclear swelling, changes in chromatin

structure, decrease or loss of cell replication ability, and

slowdown of metabolism; eventually such damage can lead

to physical aging and dysfunction, such as inflammation,

respiratory disease, and cardiovascular disease. The purpose

of this study is to find natural compounds which could be

potential candidates for antiaging and antioxidant-related

diseases.

Ginkgo biloba leaves (GBL), which are widely used as

cosmetics, botanical dietary supplements5) show a variety of

biological activities, mostly against cardiovascular and neu-

rological diseases.6,7) GBL is a complex mixture containing

different classes of constituents such as flavonol glycosides,

terpene trilactones, proanthocyanidines, ginkgolic acids, bifla-

vones, polyflavones and ginkgotoxins.8) Earlier pharmaco-
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logical studies on G. biloba showed its various bioactivities

like neuroprotective, anti-tumor, antioxidant, and amyloid

aggregation modulatory effects.9-12) 

As a model for study of aging, the natural worm, Caenor-

habditis elegans is very attractive due to small size, simple,

low-cost, transparency, short life cycle, and variety of trans-

genic strains.13,14) Because of its simplicity of handling, it is

much easier to screen the secondary matabolites of foods and

plants which have various biological activities. Furthermore,

this worm is not pathogenic, and beyond the ethical bound-

aries to use in experiments.15-17) 

Subsequent activity-guided chromatography of the meth-

anolic extract of G. biloba led to the isolation of sciadopitysin

(Fig. 1). In this study, longevity property of sciadopitysin

was searched in C. elegans, and several factors that are known

to affect aging including antioxidant capability, food intake,

development, motility, and lipofuscin levels were examined.

Moreover, the genetic requirement for longevity of sciadopitysin

was assessed by checking the lifespan of single-gene knock-

out mutant.

Materials and Methods

General materials To determine 1H- and 13C-NMR spec-

tra, a JEOL JMN-EX 400 spectrometer was used (Tokyo, Japan).

For the column chromatography, Sephadex LH-20 (Fluka,

Steinheim, Switzerland) and silica gel (230-400 mesh, Kie-

selgel 60, Merck, Darmstadt, Germany) were used. Using the

precoated silica gel F254 plates, TLC was performed (Merck,

Darmstadt, Germany). After TLC, the spots were checked

by spaying reagent (10% H2SO4 in ethanol) along with UV.

Silica RediSep flash column (Teledyne Isco, Lincoln, US)

was used for MPLC. The absorbance to examine the anti-

oxidant effects of samples was determined using microplat-

ereader (Sunrise, Grödig, Austria). The fluorescence of GFP-

expressing populations was examined under a fluorescence

microscope (Olympus, Tokyo, Japan). Yeast extract and peptone

were purchased from Becton, Dickinson and Co. (Sparks, USA).

Ascorbic acid, agar, butylated hydroxyanisole (BHA), cat-

alase, 1,1-diphenyl-2-picrylhydrazyl (DPPH), 2’,7’-dichlo-

rodihydrofluoroscein diacetate, and nitroblue tetrazolium

(NBT), juglone, xanthine, xanthine oxidase were purchased

from Sigma (St. Louis, USA).

Plant Materials  The dried Ginkgo biloba L. leaves were

collected from the Woosuk University (Jeonju, Korea), and

identified by professor Kim Dae Keun. A voucher specimen

of plant was stored in the plant specimen room of College of

Pharmacy, Woosuk University (WSU-18-07).

Extraction and Solvent Fractionation  The air dried

plant material (3 kg) was extracted three times with methanol

at 50℃. The extracts were combined and evaporated in vacuo

at 50℃. The resultant methanol extract (450 g) was suc-

cessively partitioned as n-hexane (130 g) methylene chloride

(16 g), ethyl acetate (42 g), n-butanol (129 g) and H2O sol-

uble fractions. These four fractions were tested for the radical

scavenging effects on DPPH radical and longevity properties

in C. elegans. Among those fractions, the ethyl acetate sol-

uble fraction revealed the most potent activities both DPPH

radical scavenging (Fig. 2) and longevity (Fig. 3) properties.

Isolation of SciadopitysinSephadex LH-20 column chroma-

tography (MeOH) of the ethyl acetate soluble fraction using

methanol as a mobile phase gave eight subfractions (EA1-

EA8). Subfraction EA3 (530 mg) was chromatographed by

silica gel column (CHCl3 : MeOH, 50:1) and purified on a

Sephadex LH-20 (MeOH) to give sciadopitysin (151 mg).

Fig. 1. Structure of sciadopitysin isolated from G. biloba L.

Fig. 2. DPPH radical scavenging effects of the MeOH extract

and its subsequent fractions from Ginkgo biloba L.
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Sciadopitysin-FeCl
3
 test: positive; 1H-NMR (400 MHz,

CD3OD): δ 6.89 (1H, s, H-3), 6.36 (1H, d, J=2.4 Hz, H-6),

6.79 (1H, d, J=2.4 Hz, H-8), 8.08 (1H, d, J=2.4 Hz, H-2'),

7.36 (1H, d, J=8.8 Hz, H-5'), 8.23 (1H, dd, J=2.4, 8.8 Hz, H-

6'), 7.00 (1H, s, H-3''), 6.41 (1H, s, H-6''), 7.60 (3H, d, J=9.2

Hz, H-2''', 6'''), 6.93 (3H, d, J=9.2 Hz, H-3''', 5'''), 3.75, 3.78,

3.83 (OCH3, s), 10.97, 12.91, 13.05 (OH, s). 
13C-NMR (100 MHz, CD3OD): δ 163.0 (C-2), 103.8 (C-3),

181.9 (C-4), 161.1 (C-5), 98.7 (C-6), 163.6 (C-7), 92.7 (C-8),

157.3 (C-9), 104.7 (C-10), 122.4 (C-1'), 130.9 (C-2'), 121.7

(C-3'), 160.5 (C-4'), 111.7 (C-5'), 128.3 (C-6'), 165.1 (C-2''),

103.2 (C-3''), 182.0 (C-4''), 160.6 (C-5''), 98.1 (C-6''), 162.0

(C-7''), 103.6 (C-8''), 154.3 (C-9''), 103.5 (C-10''), 122.8 (C-

1'''), 127.7 (C-2''', 6'''), 114.5 (C-3''', 5'''), 162.2 (C-4'''), 55.5,

55.9, 56.0 (OCH3).

C. elegans Strains and Their MaintenanceThe worms

were grown at 20°C on nematode growth medium (NGM)

agar plates in the presence of Escherichia coli strain OP50,

as described previously.18)

Lifespan Assay  C. elegans strains including Bristol N2

(wild-type), CF1553 (SOD-3, muIs84), CL2070 (HSP-16.2,

dvls70), DR1572 (daf-2, e1368), TJ1052 (age-1, hx546), GR1307

(age-1, mgDf50), and Escherichia coli OP50 were obtained

from the Caenorhabditis Genetic Center (CGC; University

of Minnesota, Minneapolis, MN). The nematodes were grown

on nematode growth medium (NGM) agar plate with E. coli

OP50 (OD600�0.7) as described previously.19) Sample plates

were prepared by adding stock solutions with test samples

into autoclaved NGM plates (at 50℃). A final DMSO 0.1%

of concentration (v/v) was maintained under all conditions.

Age-synchronized nematodes were obtained by embryo iso-

lation. Then, arrested L1 nematodes were transferred to NGM

plate in the absence or presence of sciadopitysin (5, 10 μM)

and incubated at 20℃. More than 60 animals were used for

each independent experiment.

Measurement of Stress Resistance The age synchro-

nized nematodes were bred on NGM agar plates in the pres-

ence or absence of the sample. For the heat tolerance assay,

at the adult day, 4 worms were transferred to fresh plates and

then incubated at 36℃. The viability was scored over 25 h

as previously described.20) Oxidative stress tolerance was

assessed as described previously with minor modification.21)

In brief, at the 7th adult day, worms were transferred to 96-well

plates containing 1 mM juglone, and then survival worms

were observed over 35 h. To observe the osmotic effect, the

5 days old of worms were transferred in NGM agar plate

containing 500 mM NaCl at 20℃, and determined the sur-

vival rates against the osmotic stress following 12 h.22)

Fluorescence Microscopy and Visualization The trans-

genic strains CF1553 (SOD-3::GFP reporter) and CL2070

(HSP-16.2::GFP reporter) which were age synchronized were

bred in the presence or absence of sciadopitysin. Before the

microscopy observation, CL2070 mutants got received ther-

mal shock at 36℃ for 2 h and recovered at 20℃ for 4 h. On

the 3 day of adulthood, both transgenic worms were anes-

thetized with sodium azide (4%) and mounted on agarose

pad. The fluorescence of GFP-expressing populations was

examined under a fluorescence microscope. Photographs of

Fig. 3. Effects of fractions from G. biloba L. on the lifespan of C. elegans. (A) The mortality of each group was determined by

daily counting of surviving and dead worms. (B) The mean lifespan of the N2 worms was calculated from the survival curves in A.

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 significant at **p<0.01 by one-way ANOVA.
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the mutants were taken to determine the levels of protein

expression, and analyzed using Image J software (Olympus,

Tokyo, Japan). All tests were done in triplicate.23)

Assessment of Antioxidant Enzyme ActivitiesTo exam-

ine enzymatic activity, the nematodes homogenates were pre-

pared. In brief, the wild-type nematodes were cultured in plate

with M9 buffer on third adult day and washed three times.

The collected worms were suspended in homogenization

buffer (10 mM Tris-HCl, 150 mM NaCl, 0.1 mM EDTA, pH

7.5) and homogenized on ice. The activity of SOD was ana-

lyzed by measuring the decolorization of formazan formed

by enzymatic reaction between xanthine oxidase and xanthine.

The reaction mixture contained 5 μL of worm homogenates,

and 120 μL of 0.24 mM nitrobluetetrazolium (NBT) and

0.57 mM xanthine in 10 mM PBS buffer (pH 8.0). After 5

minutes pre-incubation at room temperature, the reaction was

begun with adding 100 μL of xanthine oxidase (0.05 U/ml)

and incubated for 20 min at 37℃. The reaction was quit by

adding 275 μL of 69 mM SDS, and the absorbance was mea-

sured at 570 nm. Catalase activity was calculated by spec-

trophotometry as previously described.24) In brief, the homogenates

were blended with 25 mM H2O2, and after 3 min, absorbance

was analyzed at 240 nm.

Analysis of Intracellular ROS Using the molecular probe

H2DCF-DA (2',7'-dichlorodihydrofluoroscein diacetate), intracel-

lular ROS in the nematodes was analyzed. Equal number of

N2 worms were harvested in the presence or absence of sci-

adopitysin. On the adult day 4, worms were transferred to

96-well plates containing 50 μM juglone liquid culture for 2 h.

After that, 5 worms were exposed to 96-well plates containing

50 μL of M9 buffer. Just after addition of 50 μL of H2DCF-DA

solution (25 μM), fluorescence was examined in a micro-

plate fluorescence reader at emission 535 nm and excitation

485 nm.

Lipofuscin Accumulation  C. elegans worms were cul-

tivated from embryo to use the lifespan assay. N2 nematodes

were anesthetized with sodium azide to determine the intes-

tinal lipofuscin level, and fluorescence photographs were taken

using a fluorescence microscope (Olympus, Tokyo, Japan)

on the 8th day of adulthood. Fluorescence intensity was mea-

sured by determining pixel intensity in worm’s intestines

using Image J software.25)

Measurement of Aging-related Factors The N2 worms

were cultivated on NGM agar plates in the presence or absence of

sciadopitysin. On the 4th adult day, worms were transferred

to new plates followed by pharynx contractions and move-

ment of worms were calculated under an inverted micro-

scope for 60 seconds. For the growth alteration measurement,

photographs were taken of nematodes, and the body length

of animals was analyzed by the Olympus software (Olym-

pus, Tokyo, Japan). Reproduction assay was performed as

follows. N2 nematodes were raised from embryo for the lifes-

pan assay. Larvae (L4) were individually transferred to new

plates every day to separate the parent from the progeny.

Counting of the progeny was performed at the larvae 2 or 3

stages. On the 4th and 8th adult days, each nematode was

transferred to new plates followed by body movements were

observed under the inverted microscope for 20 seconds.

Body movements of animals were measured by Olympus

image software (Olympus, Tokyo, Japan). All the tests were

experimented at least three times. 

Data analysisUsing Kaplan-Meier analysis, the lifespan

and stress resistance data were plotted, and statistical sig-

nificance was calculated by log-rank test. Data were showed

as mean ± standard error or standard deviation of the mean,

as indicated. The statistical significance of differences between

treated groups and the control were analyzed by one-way

ANOVA.

Results

The total methanol extract was suspended in water and

partitioned successively with n-hexane, methylene chloride,

ethyl acetate and n-butanol. The ethyl acetate soluble frac-

tion displayed the most significant DPPH free radical scav-

enging activity among these fractions, and lifespan- extending

activity in N2 nematodes (Fig. 2 and 3). Through the con-

secutive column chromatography using Sephadex LH-20,

silica gel, and HPLC led to the isolation of sciadopitysin.

Structure of the Isolated Compound (sciadopitysin) 

In the 1H-NMR spectrum, an isolated compound from G. biloba

revealed a typical coupling pattern of 1,3,4-trisubstituted aromatic

ring at δ 8.23 (1H, dd, J=8.8, 2.4 Hz, H-6'), 7.36 (1H, d,

J=8.8 Hz, H-5') and 8.08 (1H, d, J=2.4 Hz, H-2'), and ortho

coupling pattern at δ 7.60 (2H, d, J=9.2 Hz, H-2''', 6''') and

6.93 (2H, d, J=9.2 Hz, H-3''', 5'''). Two doublet protons at δ

6.36 (1H, d, J=2.4 Hz, H-6) and 6.79 (1H, d, J=2.4 Hz, H-8),

and three singlet protons at δ 7.00 (3H, s, H-3''), 6.89 (3H, s,

H-3) and 6.41 (3H, s, H-6'') were observed in the aromatic

region. In addition, three methoxyl groups at δ 3.75, 3.78,

3.83, and three hydroxy protons at δ 10.97, 12.91, 13.05

were detected in the 1H-NMR spectrum. The 13C-NMR
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spectrum of the compound showed 31 carbon signals includ-

ing two carbonyl carbons at δ 182.0 (C-4''), 181.9 (C-4), 10

oxygen-bearing olefinic carbons (δ 165.1, 163.6, 163.0, 162.8,

162.0, 161.1, 160.5, 157.3 and 154.4), and three methoxyl

carbons. From above evidences, the structure of the com-

pound was deduced as one of the biflavonoids previously

isolated from the G. biloba. By direct comparison of its spec-

tral data with published data, the compound was charac-

terized to be sciadopitysin.26)

Antioxidative Effects

Fractions of G. biloba L. - DPPH radical scavenging

effect - DPPH radical scavenging effect of vitamin C, the

positive control showed the IC50 value of 27.27 μg/ml. Among

four solvent fractions, ethyl acetate fraction of G. biloba L.

exhibited the most potent scavenging effect does-dependently

on DPPH radical with the IC50 value of 134.9 μg/ml (Fig. 2).

Anti-aging Activities

Effects of Fractions on the Lifespan in N2 Worms -

Lifespan assays were examined with wild-type N2 worms to

determine the longevity properties of G. biloba L. Ethyl ace-

tate soluble fraction revealed the most significant lifespan

extending effect among four fractions. In addition, the ethyl

acetate fraction mediated worms showed the significant increase

of the estimated mean life compared to the control worms

(27.36%, p<0.01) (Fig. 3B). The mean life duration was 12.14±0.7

days for control worms and 15.45±0.7 for the worms fed the

ethyl acetate fraction (Fig. 3, Table I).

Effects of sciadopitysin on the lifespan of C. elegans 

In order to determine the lifespan extension property of sci-

adopitysin, lifespan assay was performed with wild-type N2

worms. sciadopitysin showed the longevity property in a dose

dependent manner (Fig. 4A). sciadopitysin-mediated worms

showed the significant increase of the estimated mean life

Table 1. Effects of fractions from G. biloba L. on the lifespan of C. elegans

Treatment Dose (μg/mL) Mean Lifespan Maximum lifespan Change in mean lifespan (%) Log-rank test

Control - 12.13±0.5 21 - -

Methanol

500

13.22±0.5 22 8.97 -

n-Hexane 12.53±0.6 22 6.78 -

MethyleneChloride 12.81±0.7 22 4.78 -

Ethyl acetate 15.45±0.8 25 27.36 **p<0.01

n-butanol 13.48±0.7 24 11.10 -

Mean lifespan was presented as mean±S.E.M. Change in mean lifespan was compared to the 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<0.01.

Fig. 4. Effects of sciadopitysin from G. biloba L. on the lifespan of C. elegans. (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 in

(A). 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 significant at **p<0.01 and ***p<0.001 by one-way ANOVA.
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compared to the control worms (33.53% at 10 μM, p<0.001)

(Fig. 4B, Table II). The mean life durations for control and

sciadopitysin-mediated worms were 17.04±0.8 and 18.96±1.1

(10 μM) days, respectively (Fig. 4, Table II).

Effects of sciadopitysin on the stress tolerance of C.

elegans  The effects of sciadopitysin on three different

kinds of stress conditions such as osmotic, thermal and oxi-

dative stresses using wild-type C. elegans were determined.

In the case of hypertonic stress assay, sciadopitysin-mediated

N2 worms exhibited enhanced resistance to osmotic stress (Fig.

5A). sciadopitysin exposure induced potent increases in ther-

motolerance, and consequently raised survival rate of worms

(Fig. 5B, Table III). Besides, sciadopitysin exposure increased

the maximum lifespan of nematodes by 40.63% (10 μM,

Table II. Effects of sciadopitysin from G. biloba on the lifespan of C. elegans

Treatment Dose (μM) Mean Lifespana Maximum lifespan Change in mean lifespan (%) Log-rank test

Control - 14.20±0.70 23 - -

4-HBA 10 15.06±0.84 26 6.09 -

Sciadopitysin
5 17.04±0.88 27 20.06 **p<0.01

10 18.96±0.92 28 33.53 ***p<0.001
aMean lifespan was presented as the mean±S.E.M. Change in mean lifespan was compared with the control group (%). Statistical
significance of the difference between survival curves was determined by log-rank test using the Kaplan-Meier survival. Differences
compared to the control were considered significant at **p<0.01 and ***p<0.001

Fig. 5. Effects of sciadopitysin on the stress tolerance of wild-type N2 nematodes. (A) Tolerance of osmotic stress survival rates

were determined following 12 h. (B) To assess heat tolerance, worms were incubated at 36℃ and then their viability was checked.

(C) For the oxidative stress assays, nematodes were transferred to well plate containing juglone-treated culture, and then their were

scored for viability. 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 significant at *p<0.05, **p<0.01 and ***p<0.001 by one-

way ANOVA.

Table III. Effects of sciadopitysin from G. biloba on the stress tolerance of C. elegans

Stress condition Treatment Mean Lifespan (h) Maximum lifespan (h) Change in mean lifespan (%) Log-rank test

36°C

thermal

tolerance

Control 11.52±0.75 17 - -

4-HBA 10µM 12.04±0.92 20 4.51

5 µM 16.12±0.84 23 39.93 *p<0.05

10 µM 16.20±1.11 24 40.63 ***p<0.001

1 mM

Juglone

Control 15.28±1.26 26 - -

4-HBA 10µM 14.84±1.44 27 - -

5 µM 18.04±1.48 29 18.06 *p<0.05

10 µM 20.08±1.60 32 36.13 ***p<0.001

Mean lifespan was presented as mean ± S.E.M. Change in mean lifespan was compared with the 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. 6. Effects of sciadopitysin on the expression of SOD-3(CF1553) was determined using transgenic nematodes. Mean GFP-

expressing intensity of CF1553 mutants were expressed as mean S.E.M. of values from 70-80 worms per each experiment. (A)

Expressions of CF1553 nematodes in the presence or absence of sciadopitysin (B) The GFP-expressing intensity was quantified

using software by determining mean pixel intensity. Images of SOD-3::GFP Data are expressed as the mean±standard deviation of

three independent experiments. Differences compared to the control were considered significant at *p<0.05 and ***p<0.001 by one-

way ANOVA. 

p<0.001). Furthermore, it was revealed that sciadopitysin-

mediated nematodes survived longer than control worms by

36.13% under oxidative stress conditions induced by 1 mM

juglone in 10 μM (p<0.001, Fig. 5C, Table III).

Effects of Sciadopitysin on the Stress Resistance Proteins

of C. elegans  To investigate whether sciadopitysin-medi-

ated increased stress resistances were due to the regulation of

gene which are related to stress-response, SOD-3 and HSP-16.2

expressions were quantified using transgenic strains such as

CF1553 and CL2070, respectively. It was revealed that sci-

adopitysin-mediated CF1553 nematodes exhibited signifi-

cantly higher SOD-3::GFP intensity (52.69% at 10 μM, p<0.001),

compared to the untreated control worms (Fig. 6). The CL2070

worms bearing HSP-16.2::GFP reporter gene got stressed by

thermal shock at 36℃ for 2 h, and after recovering at 20℃

for 4 h, fluorescence intensities were quantified. This heat

shock-derived HSP-16.2::GFP expression more increased by

10 μM of sciadopitysin-mediated about 24.53% (p<0.001,

Fig. 7).

Effects of Sciadopitysin on the Antioxidant Enzyme

Activities in C. elegans  In order to verify the mechanism

of sciadopitysin on increasing lifespan and stress resistance

of N2 worms, effects of sciadopitysin on the antioxidant enzyme

activity was investigated. The SOD enzymatic activity was

spectrophotometrically experimented using prepared worm

homogenate. It was observed that sciadopitysin-mediated

elevated SOD activity of nematodes significantly by 28.94%

at 10 μM (p<0.001, Fig. 8A). From the measuring of the residual

H2O2 concentration as determined by a spectrophotometric

method, catalase activity was calculated. sciadopitysin sig-

nificantly elevated catalase activity of N2 worms by 60.74%

(10 μM, p<0.001, Fig. 8B).

Effects of Sciadopitysin on the Intracellular ROS 

Intracellular ROS level of sciadopitysin-mediated worms were

quantified compared to untreated controls. Fig. 9 shows that

sciadopitysin-mediated worms effectively diminished the

production of ROS by 23.59% (10 μM, p<0.001), respectively,

compared to solvent-treated control worms. Since sciado-

pitysin has strong antioxidant capacity, it could be assumed

that radical scavenging effects and increase of antioxidant

enzyme activities of sciadopitysin result in the attenuation of

intracellular ROS level.

Effects of Sciadopitysin on the Lipofuscin Accumulation

As one of endogenous markers of cellular damage, lipo-

fuscin is known one during aging in many organisms, like

wild-type N2 nematode. Lipofuscin is known as granular

yellow-brown pigment granules which are composed of lipid-

containing remnant of lysosomal digestion. The autofluo-
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rescence level of lipofuscin can be measured by fluorescence

microscope. sciadopitysin-mediated worms showed signif-

icant decrease of fluorescence intensity from intestinal lipo-

fuscin by 15.36% at 10 μM, respectively, compared with the

control (p<0.001, Fig. 10).

Effects of Sciadopitysin on the Aging-related Factors

of C. elegans  To verify the mechanism of sciadopitysin

on the lifespan of nematodes, sciadopitysin-induced changes

Fig. 8. Effects of sciadopitysin on the antioxidant enzyme activity of wild type N2 nematodes. (A) SOD activity was showed as a

percentage of superoxide-scavenged amount per control. (B) Average catalase activity of each group was determined by seconds

counting. Differences compared to the control were considered significant at *p<0.05, **p<0.01 and ***p<0.001 by one-way ANOVA.

Fig. 7. Effects of sciadopitysin on the expression of HSP-16.2(CL2070) was determined using transgenic nematodes. Mean GFP-

expressing intensity of CL2070 mutants were expressed as mean ± S.E.M. of values from 70-80 worms per each analysis. (A)

Expressions of CL2070 nematodes in the presence or absence of sciadopitysin (B) The GFP-expressing intensity was quantified

using software by determining mean pixel intensity. Image of HSP-16.2::GFP Data are expressed as the mean ± standard deviation

of three independent experiments. Differences compared to the control were considered significant at **p<0.01, ***p<0.001 by one-

way ANOVA. 
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in parameters of aging-related factors like progeny, food intake,

locomotion and body length were observed. It was not detected

any differences between sciadopitysin-mediated and control

nematodes on the reproduction rate, pumping rate, movement

and body length (Fig. 11).

Target Genes of Sciadopitysin-mediated Longevity

Properties In this study, it was further assayed the involvement

of insulin/IGF-1 signaling pathway in the sciadopitysin-medi-

ated longevity properties to see possible underlying mechanism.

Another lifespan assays were carried out again using several

Fig. 9. Effects of sciadopitysin on the intracellular ROS levels of wild-type nematodes. Intracellular ROS accumulation was exam-

ined in a microplate fluorescence reader at emission 535 nm and excitation 485 nm. (A) Plates were read 0 min for 120 min. (B)

The average percentage of intracellular ROS accumulation were indicated. Differences compared to the control were considered sig-

nificant at **p<0.01 and ***p<0.001 by one-way ANOVA.

Fig. 10. Effects of sciadopitysin on the lipofuscin accumulation in wild-type N2 nematodes. (A) Image of intestinal autofluorescence

from lipofuscin accumulation of worms on the 8th adult days. (B) Fluorescence intensity was measured by determining pixel intensity

in worm’s intestines using Image J software. Mean fluorescence intensity of lipofuscin accumulation was expressed as mean ± S.E.M.

Differences compared to the control were considered significantat *p<0.05 and ***p<0.001 by one-way ANOVA.
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null mutant strains, including DR1572 (daf-2, e1368), TJ1052

(age-1, hx546), GR1307 (daf-16 mgDf50). Sciadopitysin significantly

increased the lifespan of daf-2 and age-1 mutants, but daf-16

mutant was not affected by the sciadopitysin (Fig. 12, Table

III). These results imply that these genes are required for the

sciadopitysin-mediated longevity. 

Discussion

During the ongoing investigation to find lifespan extension

compounds from natural materials, sciadopitysin was isolated

from the methanol extract of G. biloba as an active constituent

using the C. elegans model system. This system offered as

a well-established model for aging research including various

lifespan-extending mechanism study.27) 

Sciadopitysin, isolated from G. biloba, was reported lots of

its biological effects including UDP-glucuronosyltransfer-

ases, cGMP-phosphodiesterase-5, and phosphatase of regen-

erating liver-3 inhibitory effects,28-30) and protective effects

of myocardial necrosis and methylglyoxal-induced cyto-

toxicity,31,32) along with anti-Alzheimer's disease.33) Although

sciadopitysin has shown various effects, but its lifespan extension

activity on C. elegans is unknown.

The nematode which is wild-type strain N2 worms treated

with sciadopitysin showed longevity property than non-treated

ones under a normal condition. Recently, much research have

been reported on the close relationship between lifespan and

stress resistance.34-36) Applications of the three types of stress

significantly decreased the average lifespan of the worms,

but the treatment of sciadopitysin prolonged the reduced

lifespan in a dose-dependent manner. This result suggested

that sciadopitysin is capable of increasing survival rates of

C. elegans partly by improving stress resistance. As a part of

the effort to elucidate the lifespan-extending mechanism of

sciadopitysin, the scavenging activity of antioxidant enzymes

such as SOD and catalase that affect free radical and ROS

levels were calculated in relation to the increased oxidative

stress resistance. In the wild-type strain N2 worms, sci-

adopitysin intake increased the activity levels of the two

endogenous antioxidant enzymes SOD and catalase dose-

Fig. 11. Effects of sciadopitysin on the aging-related factors of C. elegans. (A) Adult 1 to 7 and total reproductive progeny were

counted. (B) On the 4th adult days, the pharynx contraction rates were measured. (C) The body movements were observed under

the inverted microscope for 20 seconds. (D) For the growth alteration measurement, photographs were taken of nematodes, and the

body length of animals was analyzed. Data are expressed as the mean ± S.E.M. of three independent experiments.
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dependently. These results are in agreement with the earlier

report that sciadopitysin protects osteoblast function via its

antioxidant activity in MC3T3-E1 cells.37) In addition, the

intracellular ROS levels of the N2 worms were measured,

showing dose-dependent reduction in ROS accumulation by

the sciadopitysin treatment. These results supported a hypothesis

that the antioxidant effect of sciadopitysin contributes to the

lifespan elongation of C. elegans in part via the up-regulation of

endogenous antioxidant enzymes, reinforcing the close rela-

tionship between aging and free radical/ROS levels.38) In

addition, expression levels of the stress resistance proteins

SOD-3 and HSP-16.2 were determined in transgenic strains

Table IV. Target genes of sciadopitysin-mediated longevity properties

Genotype
Mean Lifespana Maximum lifespan Change in mean 

lifespanc (%)

Log-rank

testd

Untreated Treatedb Untreated Treatedb

Wild-type 14.17±0.7 18.26±0.8 22 30 21.58 ***p<0.001

daf-2 (e1368) 18.24±0.7 20.84±0.8 28 31 14.26 **p<0.01

age-1 (hx546) 16.83±0.7 19.67±0.8 27 30 16.93 **p<0.01

daf-16 (mgDf50) 10.76±0.5 9.61±0.4 16 15 -10.57 *p<0.05
aMean lifespan was presented as mean ± S.E.M. 
bSciadopitysin-treated concentration was 10 μM.
cChange in mean lifespan was compared with the control group (%)
dStatistical 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, **p<0.01 and ***p<0.001.

Fig. 12. Target genes of sciadopitysin-mediated longevity properties. (A) The survival curves of wild-type and daf-2 (e1368) mutant

nematodes treated with or without 5 and 10 μM of sciadopitysin (B) The survival curves of wild-type and age-1 (hx546) mutant

nematodes treated with or without 5 and 10 μM of sciadopitysin (C) The survival curves of wild-type and daf-16 (mgDf50) mutant

nematodes treated with or without 5 and 10 μM of sciadopitysin. All experiments were done in triplicate independently.
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using green fluorescent protein (GFP)-based reporters. Higher

fluorescence intensity was observed when the two types of

transgenic worms were grown in the presence of sciadopitysin,

indicating that the compound induced SOD-3 and HSP-16.2

expressions.39) This result confirmed that the anti-aging mechanism

of sciadopitysin involves an endurance in stress resistances

through enzyme induction. Lipofuscin, autofluorescent gran-

ules in organisms, accumulates during normal aging. So the

autofluorescent intensity of which enables estimation of the

aging process.40) 

Treatment of sciadopitysin decreased the level of intestinal

lipofuscin of worms compared to that of non-treated controls

presuming, supporting its longevity activity. Other aging-

related factors are known to affect the aging process such as

reproduction, food intake, growth, and movement.41,42) How-

ever, adding sciadopitysin made no significant differences to

their offspring, the pumping of pharynx, body movements,

or body length. These results indicated the independence of

such factors from the lifespan-extending effects observed for

treatment of sciadopitysin.

Several genes, like DAF-2 and AGE-1, are related to the

activation of DAF-16 gene which can increase the lifespan.

Loss of function mutations of daf-2 and age-1 extend lifes-

pan in a daf-16-dependent manner.43-45) Sciadopitysin-treat-

ment significantly increased the lifespan of daf-2 and age-1

mutants, but daf-16 mutant was not affected by the com-

pound, supporting sciadopitysin might increase the activity

of DAF-16 gene. 

Conclusions

In order to search for lifespan extending compounds from

natural resources, subsequent activity-oriented chromatog-

raphy of G. biloba methanolic extract was performed using

C. elegans model system. Repetitive chromatography using

silica gel and Sephadex LH-20, and purifying with HPLC

led to the isolation of a compound, sciadopitysin from the

most active ethyl acetate soluble fraction. 

Sciadopitysin-treatment extended the lifespan of N2 worms

than the controls. Under osmotic, thermal and juglone-induced

oxidative stresses sciadopitysin-fed worms also survived

much longer than the control group. Sciadopitysin was able

to increase SOD and catalase activities of worms in a dose

dependent manner. Furthermore, the intracellular ROS accu-

mulations also decreased by sciadopitysin exposure. Effort

to elucidate the mechanism of such action suggested that

stress tolerances of worms increased upon treatment with

sciadopitysin. Expressions of the proteins SOD-3 and HSP-

16.2 were induced by the sciadopitysin treatment in the

transgenic strains, supporting the proposed mechanism. Another

set of supportive result was observed when accumulation level

of lipofuscin, autofluorescent marker of aging-were sig-

nificantly decreased in the sciadopitysin-fed worms. Further

study using knockout mutants showed that the sciadopitysin

increased the activity of DAF-16 gene which can improve

the lifespan of the nematodes. Consequently, sciadopitysin

could be a useful and attractive candidate for an anti-aging

related resource.
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