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음양곽 Ikarisoside A의 예쁜꼬마선충에 대한 수명연장 효과
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Abstract  This experiment was conducted to find anti-aging compounds using nematodes from natural products. After sep-

arating the ikarisoside A from Epimedium koreanum Nakai (Berberidaceae), an anti-aging experiment was followed using a

Caenorhabditis elegans model. The nematodes treated with ikarisoside A showed lifespan extension effect under general cul-

ture conditions. In addition, ikarisoside A increased the survival rate of C. elegans in stressful environments such as heat and

osmotic conditions. To study the expression level of HSP-16.2, we used a transgenic strain including CL2070, and ikarisoside

A-treated worms had a higher HSP-16.2::GFP intensity compared to untreated CL2070 worms. Nematodes fed the ikarisoside

A showed reduced lipofuscin accumulation compared to control worms. Furthermore, there were no significant changes due

to ikarisoside A in aging-related factors such as food intake, exercise, reproduction, and growth, indicating that ikarisoside A

induces longevity activities without affecting these factors. These results indicate that ikarisoside A can affect longevity of C.

elegans under both normal and stress conditions through the expression of stress-resistant proteins.
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Aging is an inevitable phenomenon caused by a number

of factors within a living organism. Biologically, the survival

of an organism is an ongoing struggle between biochemical

damage and recovery. Many molecules, cells, biochemical

pathways, and networks determine survival and lifespan.

Depending on the frequency, intensity, duration, energy con-

sumption costs, and other metabolic disorders of stress occur-

ring in vivo, the consequences of stress can be beneficial or

harmful, but excessive stress can promote aging.1,2,7) Humans

are constantly exposed to a variety of exogenous and endog-

enous stresses throughout their lives, which cause a variety

of responses at the cellular, tissue, organ, and organism levels.

Injuries to cellular and tissue functions caused by genetic

factors or prolonged stress can accelerate aging.3) Oxidative

stress is one of the most important mechanisms of cell aging,

causing several age-related diseases. Contributing factors include

genomic instability, decreased proteome homeostasis, telo-

mere shortening, changes in stem cell function, cell-to-cell

communication defects, mitochondrial dysfunction, and meta-

bolic imbalance.4,5) In recent years, society is rapidly aging

its population, and heat stress caused by global warming is

seriously affecting the health of the elderly, so it is necessary

to prepare for this.6) Aging is an inevitable and multifaceted

biological process. The most important factors are reactive

oxygen species (ROS) and cell aging. Oxidative stress is defined

as damage caused by ROS, by-products of mitochondrial elec-

tron transport chains and other major molecular pathways, which

can cause cell damage and activate cell aging pathways.7,8)

Antioxidants can have a protective effect against oxidative stress

and can reduce toxicity. Plant-derived antioxidants have poten-
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tial antioxidant effects. These antioxidants have positive effects

on neurodegenerative diseases, lung fibrosis, atherosclerotic

diseases, kidney damage, and liver toxicity caused by oxidants.9)

Caenorhabditis elegans has advantages in scientific research

like short life cycles, small size, easy maintenance, genetic

therapeutic potential, and conserved biological processes associ-

ated with aging. C. elegans can be used to efficiently and quickly

evaluate compounds that have the potential to slow aging.10)

In the process of finding anti-aging compounds using C.

elegans, it was confirmed that the methanol extract of Epi-

medium koreanum Nakai (Berberidaceae) exhibited long-lived

activity. Anti-aging of total flavonoid,11,12) antioxidant of icariin,13)

and treatment of Parkinson’s Disease of icaritin14) have been

reported in plants in the genus Epimedium. Icarisoside A was

isolated by activity-oriented chromatography of E. koreanum.15)

In this study, we studied the longevity and thermal shock

stress and osmotic stress resistance effects of icarisoside A

using the C. elegans model system. Furthermore, we inves-

tigated whether ikarisoside A increases heat shock stress

resistance protein using mutants (HSP-16.2 expression) with

CL2070 transgenic strains. We also investigated whether

ikarisoside A can influence aging factors such as pharyngeal

pumping, reproduction, movement, and body length. Fur-

thermore, antioxidant capacity of ikarisoside A was analyzed

by measuring intracellular ROS level and antioxidant enzyme

activity of C. elegans. Then, two mutants (HSP-16.2 and SOD-

3 expressions using transgenic strains including CL2070 and

CF1553) of stress response genes were used to investigate

whether ikarisoside A increases stress tolerance proteins. It

was also checked up if ikarisoside A could give influences

on aging factors such as pharyngeal pumping, reproduction,

length, and body movement. Icarisoside A reduced lipofuscin

accumulation in C. elegans.

Materials and Methods

General Materials  The absorbance to examine the anti-

oxidant effects of samples was determined using microplatereader

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

populations was examined under a fluorescence microscope

(Olympus, Tokyo, Japan). Agar and 4-hydroxybenzoic acid

were purchased from Sigma (USA). Yeast extract and pep-

tone were purchased from BD biosciences (USA).

Extraction and Isolation of Plant Materials Ikarisoside

A from Epimedium koreanum was separated according to

the method described previously.15)

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.15)

Lifespan Assay  The wild-type N2 strain of C. elegans

was used for lifespan analysis, and the resulting data are rep-

resentative of at least three independent experiments con-

ducted at 20°C. Embryos from N2 nematodes were isolated

and then transferred to NGM plates containing samples to be

tested to prepare age-synchronized worms grown with various

concentrations of ikarisoside A. These worms were transferred

to new NGM plates every 2 days. Worms that did not respond

to reproduction with the tip of platinum wires were con-

sidered dead.16)

Determination of Thermal and Osmotic Stress Resistances

The age-synchronized nematodes were transferred to fresh

plates on day 4 of adulthood and then incubated with or without

ikarisoside A at 36°C for the heat stress resistance assays. Worm

survival rates were monitored for 25 h.17) To assess the resis-

tance of ikarisoside A to osmotic stress, age-synchronized

nematodes were transferred on day 5 of adulthood to NGM

agar plates with samples to be tested with 500 mM NaCl,

and survival against osmotic stress was measured for 12 h at

20°C.18)

Fluorescence Microscopy and Visualization  The life-

extending mechanism of ikarisoside A was investigated using

age-synchronized transgenic strain CL2070 containing green

fluorescent protein (GFP)-based reporter HSP-16.2::GFP. The

CL2070 mutant was heat-shocked at 36°C for 2 h and then

recovered at 20°C for 4 h before sample processing. On day

3 of adulthood, transgenic worm strains were anesthetized with

sodium azide (4%) and mounted on 2% agarose pads. The

GFP fluorescence of the mutant was directly observed with

a fluorescence microscope (Olympus, Japan), and protein expres-

sion could be assessed using Image J software.19)

Lipofuscin Accumulation  C. elegans was cultured in

embryos, as was the life span assay. Fluorescence images of

anesthetized worms were taken on day 8 of adulthood using

a fluorescence microscope to confirm intestinal lipofuscin

levels in nematodes. Pixel intensity values of the worms were

extracted from fluorescence microscope images using Image

J software.20)

Measurement of Aging-related Factors and Locomotion

The age-synchronized N2 worms were cultured on NGM agar

plates with or without ikarisoside A from embryo. During

reproductive analysis, worms in the L4 stage were trans-
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ferred individually to new plates each day to distinguish off-

spring from their parents. The number of offspring was

calculated at L2 or L3 stages.20) In addition, on the fourth and

eighth days of adulthood, one worm was transferred to a new

plate, and the number of pharyngeal contractions and body

movements was counted under an inverted microscope for

20 seconds.20) Furthermore, the worms were photographed for

growth change analysis, and each worm's body length was

measured in Cellens dimensions (Olympus, Japan).21)

Data Analysis  The data from the lifespan and stress

resistance analysis were plotted using the Kaplan-Meier anal-

ysis, and statistical significance was determined by a log-rank

test. The other data are presented as the mean ± standard deviation

or standard error of means (SEM) as indicated. Statistical

significance for the differences between treated and control

groups was analyzed by the one-way (ANOVA).

Results

Effects of Ikarisoside A on the Lifespan of C. elegans

The ikarisoside A was isolated from the ethyl acetate soluble

fraction of the E. koreanum methanol extract as previously

described.15) The life-extending activity of ikarisoside A was

evaluated in the wild-type N2 worms, which exhibited a

concentration-dependent longevity effect (Fig. 1A). As shown

in Fig. 1B and Table I, the estimated mean lifespan of the

ikarisoside A-treated worm increased significantly by 36.9%

(p<0.001) and 50.9% (p<0.001) at 25 μM (15.2 ± 0.3 days)

and 50 μM (16.8 ± 0.4 days), respectively.

Effects of Ikarisoside A on the Stress Tolerance of

C. elegans To investigate the effects of ikarisoside A under

stress conditions, osmotic pressure, heat, and oxidative stress

were applied to wild-type N2 worms. Resistance to osmotic

stress increased by 30% when treated with ikarisoside A at

50 μM compared to untreated controls (Fig. 2A). Furthermore,

application of ikarisoside A under thermal stress conditions

resulted in 31.1% and 45.5% extended life expectancy of

worms at 25 μM (p < 0.001) and 50 μM (p < 0.001), respectively,

suggesting that ikarisoside A treatment improved thermal

resistance (Fig. 2B, Table II).

Effects of Ikarisoside A on the HSP-16.2 Expressions

in Transgenic Nematodes  To investigate whether the

Fig. 1. Effects of ikarisoside A from E. koreanum on the lifespan of wild-type N2 nematodes. (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. 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 < 0.001 by one-way ANOVA. 4-HBA (4-hydroxybenzoic acid):

positive control 25 μM.

Table I. Effects of ikarisoside A from E. koreanum on the lifespan of C. elegans

Fraction Mean Lifespan (day) Maximum lifespan (day) Change in mean lifespan (%) Log-rank test

Control

4-HBA

25 μM

50 μM

11.1 ± 0.4

14.3 ± 0.5

15.2 ± 0.3

16.8 ± 0.4

16

19

19

22

-

28.1

36.9

50.9

-

***p < 0.001

***p < 0.001

***p < 0.001

The mean lifespan presented as the 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<0.001. 4-HBA (4-hydroxybenzoic acid): positive control 25 μM.
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life-extending mechanism of ikarisoside A is associated with

increased stress resistance, the transgenic strain CL2070 was

used to quantify the expression of protein HSP-16.2. The CL2070

mutant containing the HSP-16.2::GFP reporter gene was sub-

jected to heat shock at 36°C for 2 h, followed by recovery of

the worm at 20°C for 4 h, and then the fluorescence intensity

was quantified. HSP-16.2::GFP expression levels induced by

heat shock were increased by approximately 17.8% by 25 μM

of ikarisoside A (p<0.001, Fig. 3A, 3B).

Effects of Ikarisoside A on the Lipofuscin Accumulation

The autofluorescence level of lipofuscin affected by ikarisoside

A was measured in C. elegans, showing significant decrease

Fig. 2. Effects of ikarisoside A from E. koreanum on the stress tolerance of wild-type N2 nematodes. (A) Survival rates under the

osmotic stress condition were monitored for 12 h. (B) After incubation of the worms at 36°C, their thermal tolerance was evaluated.

Statistical differences between the curves were analyzed by the log-rank test. Error bars represent the standard error of mean (S.E.M.).

Differences compared with the control were considered significant at *p < 0.05, and **p < 0.01 by the one-way ANOVA. 4-HBA

(4-hydroxybenzoic acid): positive control 25 μM. Normal: untreated worms.

Fig. 3. Effects of ikarisoside A from E. koreanum on the expression of HSP-16.2 in C. elegans. (A) The mean GFP intensity of the

CL2070 mutant was expressed as the mean ± S.E.M. (B) Images of 16.2::GFP expressions of CL2070 worms were taken from the

corresponding mutants grown in the presence or absence of ikarisoside A. Differences compared to the control were considered sig-

nificant at **p < 0.01 and ***p < 0.01 by one-way ANOVA. 4-HBA (4-hydroxybenzoic acid): positive control 25 μM.

Table II. Effects of ikarisoside A from E. koreanum on the thermal stress tolerance of wild-type N2

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

36℃

thermal 

tolerance

Control

4-HBA

25 μM

50 μM

11.1 ± 0.5

13.0 ± 0.6

14.5 ± 0.7

16.1 ± 0.7

17

18

20

23

-

17.8

31.1

45.5

-

*p < 0.05

***p < 0.001

***p < 0.001

The mean lifespan presented as the 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. 4-HBA (4-hydroxybenzoic acid): positive control 25 μM.
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in fluorescence intensity in the ikarisoside A-treated worms by

16.7% at 50 μM, compared to the control (p < 0.001, Fig. 4).

Effects of Ikarisoside A on the Aging-related Factors

of C. elegans and Locomotion  To identify the possible

mechanisms by which ikaricoside A affects the lifespan of

C. elegans, we calculated the parameter changes of aging-

related factors such as progeny, pharyngeal pumping, and body

length induced by this ikaricoside A. There were no significant

changes in reproduction, food intake, and body length between

the ikaricoside A-fed and control worms (Fig. 5A, 5B, and 5C).

We also examined the body movements of worms to deter-

mine the effect of ikaricoside A on age-related functional

changes in C. elegans, but there were no differences between

the ikaricoside A-treated worms and control worms (Fig. 5D).

Discussion

The measurement of the life-extending effect of icarisoside

A isolated from E. koreanum using C. elegans showed a

concentration-dependent longevity effect. It is known that there

is a significant correlation between longevity and stress.22) In

this study, ikarisoside A was found to increase the survival

rate of C. elegans in stressful environments such as heat and

osmotic conditions, and resistance to juglone-induced oxi-

dative stress was confirmed in the last report.15) Among them,

protein production resistant to heat shock and oxidative stress

was confirmed by using the transgenic worms CL2070 and

CF1553, respectively.15) The effect of ikarisoside A on the

expression levels of SOD-3 and HSP-16.2 genes was evaluated

Fig. 4. Effects of ikarisoside A from E. koreanum on the lipofuscin accumulation in wild-type N2 nematodes. (A) Image of intestinal

autofluorescence from lipofuscin accumulation of worms were taken on the 8th adult days. (B) Fluorescence intensity was measured

by determining pixel intensity in worm’s intestines using Image J software. Themean fluorescence intensity of lipofuscin accumulation

was expressed as the mean ± S.E.M. Differences compared to the control were considered significant at **p < 0.01 and ***p < 0.001

by one-way ANOVA. 4-HBA (4-hydroxybenzoic acid): positive control.

Fig. 5. Effects of ikarisoside A from E. koreanum 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 and 8th days of adulthood,

the pharyngeal pumping rates were measured. (C) For the grown alteration assay, photographs were taken on 4th day of worms and

the body length of each animal was analyzed. (D) The body movements were counted on 4th and 8th days of adulthood worms

under a dissecting microscope for 20 seconds. Data are expressed as the mean ± S.E.M. of three independent experiments (N=3).

4-HBA (4-hydroxybenzoic acid): positive control 25 μM.
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using the transgenic strains CL2070 and CF1553. The worms

treated with ikarisoside A had higher GFP intensities than

the untreated controls, indicating that ikarisoside A treatment

increased the expression levels of SOD-3 and HSP-16.2 genes

(Fig. 3A, 3B). And nematodes fed the icarisoside A showed

reduced lipofuscin accumulation compared to control worms.

In previous studies, we have reported the effects of increasing

the activity of antioxidant enzymes SOD and catalase, and

inhibiting ROS accumulation in C. elegans of ikarisoside A.15)

On the other hand, it did not show any significant changes

due to ikarisoside A in aging-related factors such as food intake,

exercise, reproduction, and growth. This indicates that ikari-

soside A induces longevity activity without affecting these

factors. Recently, the effects of ikarisoside on anti-inflammatory,

catecholamine secretion, and osteoclast production differ-

entiation inhibitory effects have been reported.23-25) Mean-

while, recent studies related to anti-aging have been reported

on icariin, the main component of the same plant.26-28) Icariin

and ikarisoside A are flavonoid compounds with similar

skeletons, and it is a result of good agreement that ikarisoside

A has anti-aging activity.

Conclusions

In summary, taken together with the present study and the

preceding study, ikarisoside A extended the life span of, and

also increased the expression of osmotic, heat and oxidative

stress resistance, and antioxidant enzymes activities. Further

efforts to elucidate the mechanism of these effects found that

expression of SOD-3 and HSP-16.2 proteins was induced

by the ikarisoside A treatment in the mutant of C. elegans.

In addition, ikarisoside A reduced intracellular ROS and

lipofuscin accumulation. Therefore, ikarisoside A has the

potential to be an effective anti-aging compound. To the best of

our knowledge, this is the first report on the life-span effect of

ikarisoside A. However, the current data are limited data, and

further studies are needed to elucidate the clear mechanism

of ikarisoside A-mediated life span extending effect.
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