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INTRODUCTION

Susceptibility to and the incidence of many forms of dis-
eases increases with age. For example, it is expected that 
nearly half of people over 85 years of age will be affected by 
Alzheimer’s disease (Hebert et al., 2003). Cancer and dia-
betes are not the exceptions in that accumulated DNA muta-
tions in somatic cells and decline in beta cell functions are 
inevitable consequences that accompany aging (Gunasek-
aran and Gannon, 2011; Kennedy et al., 2012). Therefore, 
the healthcare and social costs incurred with during the late 
stages of disease for affected individuals can be unaccept-
ably high unless curative and preventive measures are found 
that effectively manage the aforementioned maladies. One at-
tractive approach to cope with these formidable diseases is 
to slow down the progression of disease pathogenesis. With 
this approach, patients may suffer from age-related ailments 
over a shorter time or never experience recognizable medical 
symptoms during their lifetime. To achieve this goal, much ef-
fort has been put forward to elucidate mechanisms behind the 
processes involved in aging, with the goal to extend healthy 
lifespan by identifying novel agents or signaling pathways that 
affect the biology of aging.

Panax ginseng Meyer, as known as Korean red ginseng, is 
often considered one of the most effective forms of ginseng 
present today and has been widely used in eastern countries 

for a number of medical purposes including, but not limited 
to anti-infl ammatory, anti-oxidant, and anti-fatigue therapy 
for thousands of years. Among the ginsenosides which are 
believed to play as active compounds that confer its biologi-
cally benefi cial effects, Rg3, Rf, and Rh2 are the major forms 
of saponins that are isolated from Korean red ginseng (Bae et 
al., 2006). Accumulated scientifi c evidence has demonstrated 
that practical applications of Korean red ginseng enhances 
resistance to many diseases since it has been shown that 
Korean red ginseng reduces oxidative stress by restoring the 
scavenger systems (Ramesh et al., 2012), preserving immune 
homeostasis in a diabetic mouse model (Hong et al., 2012) 
and suppressing metastasis in human hepatoma cell lines (Ho 
et al., 2012). However, there is a paucity of current literature 
that examines Korean red ginseng’s anti-aging effects with an 
in vivo model system. Hence, it would be worth investigating if 
Korean red ginseng possesses biological activity in modulat-
ing organisms’ lifespans.

In this report, Drosophila melanogaster was utilized as an 
in vivo model organism given its successful track record in 
providing insights on human diseases (Mackay and Anholt, 
2006). With this model organism the anti-aging effects of Ko-
rean red ginseng was described. By feeding fruit fl ies with di-
ets supplemented with Korean red ginseng, it was found that 
Korean red ginseng extends lifespan, enhances resistance to 
starvation stress and prevents weight gain. Taken together, 
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Aging is the single most important risk factor that increases susceptibility to many forms of diseases. As such, much effort has 
been put forward to elucidate the mechanisms behind the processes of aging and to discover novel compounds that retain anti-
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with an in vivo system. Here Drosophila melanogaster as an in vivo model organism demonstrates that Korean red ginseng tonic 
extends lifespan, increases resistance to starvation stress and prevents weight gain. This data suggest that Korean red ginseng 
may regulate organisms’ metabolism in favor of extending lifespan. 
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these results suggest that Korean red ginseng may modulate 
biological activities that alter organisms’ metabolic pathways 
toward extending healthy lifespan.

MATERIALS AND METHODS

Fly husbandry
Flies were maintained on a Drosophila stock food which 

was composed of 1.5 g of live yeast, 5 g of sucrose, 0.46 
g of agar and 8.5 g of corn meal in 100 ml distilled water in 
a temperature (25oC) and humidity (60%) controlled fl y room 
with a 12-hours light/dark cycle. Propionic acid (fi nal v/v con-
centration was 1%) was added to the diets to prevent mold 
growth. For setting up crosses, 15 virgin fl ies were put into 
bottles containing 3-5 male fl ies and parents were removed 
after 4-5 days. Although progeny fl ies typically eclose 10 days 
after mating they were allowed to stay in bottles for an addi-
tional four days to ensure that all females were mated. While 
sorting fl ies, virginity was double-checked and only mated fe-
males were selected and used for the any experiments. Un-
less otherwise mentioned, all experiments were performed in 
the temperature and humidity controlled fl y room. 

Lifespan assay and starvation assay
Sorted adult fl ies were reared in vials containing a standard 

fl y food which was made of 5 g of yeast extract, 5 g of sucrose, 
0.46 g of agar and 8.5 g of corn meal in 100 ml distilled wa-
ter. 1% fi nal v/v concentration of propionic acid was added to 
the diet to inhibit fungus growth. This diet is called Ad libitum 
(AL) hereafter. To examine the effects of Korean red ginseng 
on the biology of aging, AL was supplemented with Korean 
red ginseng tonic as fi nal w/v concentrations of 0.12 μg/ml, 
1.2 μg/ml  or 12 μg/ml of ginsenosides . For lifespan assays, 
fl y survival was scored when transferring to fresh AL or AL 
diets supplemented with Korean red ginseng tonic every 2-3 
days. For starvation assays, fl ies were reared on the desig-
nated diet conditions for 12 days, followed by transfer to the 
starvation media made of 1% agar. Survivorships were scored 
regularly and dead fl ies were eliminated when possible. Prism 
4 (Graphpad, La Jolla, USA) was used for data analysis and 
statistical signifi cance was tested with log-rank statistical 
methods. Mean (the sum of all values divided by the number 
of values added) and median (the central point of a sample 
set) values were presented to compare results. 

Fly stain
w1118 fl ies, which were obtained from the Bloomington Dro-

sophila Stock Center (Indiana, IN, USA) were used throughout 
the experiment.

Reagents
Korean red ginseng tonic (Hongsamton Mild®) was pur-

chased from Korean Tobacco & Ginseng Cooperation. The 
active compound and its concentration are ginsenosides 
(Rg1+Rb1) and 60 μg/ml, respectively.
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Fig. 1. KRGT supplementation extends lifespan in Drosophila. Age-
matched mated adult fl ies were fed with AL or AL supplemented with 
0.12 μg/ml, 1.2 μg/ml or 12 μg/ml KRGT. Dead fl ies were scored ev-
ery 2-3 days when transferring to fresh media. (A) 0.12 μg/ml KRGT 
supplementation had no effect on lifespan. (B, C) 1.2 μg/ml (B) and 
12 μg/ml KRGT. (C) supplementation signifi cantly extended lifespan. 
AL trace used in A was replotted in B and C. Lifespan curves were 
constructed with Prism 4 software and statistical signifi cance was de-
termined with Log-rank test. **p<0.01, N.S.: not signifi cant. 

Table 1. Summary of lifespan assay analyses

Number
of fl ies

Mean
lifespan (days)

Median
lifespan (days)

Remarks Statistics

Standard diet   99 31.8 33                     Control
+0.12 μg/ml KRGT 100 33.6 34 5.6% increase in mean lifespan

3% increase in median lifespan
Not signifi cant

+1.2 μg/ml KRGT   98 36.4 38 14.4% increase in mean lifespan
15.2% increase in median lifespan

p<0.01, 
  Log-rank test

+12 μg/ml KRGT   96 36.1 35 13.5% increase in mean lifespan
6% increase in median lifespan

p<0.01, 
  Log-rank test

Detailed information for the lifespan experiments shown in Fig. 1 is described.
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RESULTS

Korean red ginseng tonic (KRGT) extends lifespan in Dro-
sophila

In this report, adult fl ies were fed on AL or AL diet supple-
mented with KRGT. Three different concentrations of KRGT 
(0.12 μg/ml, 1.2 μg/ml or 12 μg/ml fi nal ginsenosides con-
centrations) were used to investigate its biological effects in 
a dose-dependent fashion. Only age-matched female fl ies 
were used throughout the experiments since female fl ies re-
sponse much greater to changes in the composition of diet, 
and thus have been utilized extensively for studies on examin-
ing dietary effects (Partridge et al., 2005). In the current study 
it was found that the mean and median lifespan for the fl ies 
reared on the AL were 31.8 days and 33 days, respectively, 
results consistent with the published literatures (Zid et al., 
2009; Katewa et al., 2012). However, when 0.12 μg/ml KRGT 
was supplemented into an AL diet, no statistically signifi cant 
change in lifespan was observed (Fig. 1A, mean lifespan 33.6 
days, median lifespan 34 days). This negative result could be 
explained if the low amount of KRGT taken by the fl ies was 
not suffi ciently high enough to affect biology related to longev-
ity. Higher doses of KRGT were therefore applied to examine 
if KRGT retains any ability to infl uence longevity. When the 
concentrations of KRGT were increased to 1.2 μg/ml  and 12 
μg/ml, signifi cant extension in lifespan was observed (Fig. 1B, 
C). For the fl ies fed on 1.2 μg/ml  KRGT, the mean and the me-
dian lifespan were 36.4 days and 38 days, respectively (Fig. 
1B, p<0.01, Log-rank test) and for the fl ies reared on 12 μg/ml  
KRGT, the mean and the median lifespan were 36.1 days and 

35 days, respectively (Fig. 1C, p<0.01, Log-rank test). It was 
notable that 12 μg/ml KRGT did not further increase lifespan 
compared to 1.2 μg/ml KRGT supplementation, suggesting a 
possible ceiling effect. Table 1 described these results in de-
tail.

KRGT increases resistance to starvation stress
Although it was found that KRGT extended lifespan in Dro-

sophila, extension in lifespan does not necessarily mean pro-
longation of a healthy life. Since it is generally agreed that 
healthy fl ies have greater capacity to resist environmental 
stress it was decided to monitor fl ies’ responsiveness to star-
vation stress as a simple assay to address the issue. For the 
starvation assay, mated female fl ies were used and four types 
of diets (AL and AL supplemented with 0.12 μg/ml, 1.2 μg/
ml  and 12 μg/ml  KRGT) were prepared as described previ-
ously. Flies were reared on the designated diets for 12 days, 
followed by being transferred to media containing 1% agar. In 
this protocol despite the absence of nutrients, fl ies are not de-
hydrated since they are able to obtain water from agar (Tatar, 
2007). After fl ies were transferred to the agar media, dead fl ies 
were scored every 4-8 hours and survivorship curves were 
generated. For fl ies fed with AL, mean and median surviv-
als were 45.5 and 44.5 hours, respectively (Fig. 2 and Table 
2). Contrary to 0.12 μg/ml and 1.2 μg/ml, 12 μg/ml  KRGT 
supplementation signifi cantly increased fl ies’ capacity to re-
sist starvation stress by over 15% (17.4% increase in mean 
survival and 18.0% increase in median survival). In this par-
ticular set of experiments shown in the Fig. 2 and Table 2, 1.2 
μg/ml KRGT slightly but signifi cantly decreased the values, 

Table 2. Summary of starvation assay analyses

Number
of fl ies

Mean
survival hours

Median
survival hours

Remarks Statistics

Standard diet   91 45.5 44.5                      Control
+0.12 μg/ml KRGT   94 43.5 42.8 4.2% decrease in mean survival

3.8% decrease in median survival
Not signifi cant

+1.2 μg/ml KRGT   91 41.9 38.5 7.7% decrease in mean survival
13.5% decrease in median survival

p<0.001,
    Log-rank test

+12 μg/ml KRGT 100 53.3 52.5 17.4% increase in mean survival
18.0% increase in median survival

p<0.001,
  Log-rank test

Detailed information for the starvation assay shown in Fig. 2 is described.

Table 3. Summary of starvation assay analyses

Number
of fl ies

Mean
survival hours

Median
survival hours

Remarks Statistics

Standard diet 93 35.4 32.5                   Control
+0.12 μg/ml  KRGT 99 35.1 32.5 1% decrease in mean survival

0% increase in median survival
Not signifi cant

+1.2 μg/ml  KRGT 96 36.1 32.5 2% increase in mean survival
0% increase in median survival

Not signifi cant

+12 μg/ml KRGT 92 40.2 40 13.6% increase in mean survival
23.1% increase in median survival

  p<0.001, 
    Log-rank test

Detailed information for the starvation assay shown in Fig. 3 is described.
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which led to another set of identical experiments to validate 
the result. In this biological replicate, increase in the capacity 
to resist starvation stress was consistently found in fl ies fed 
on 12 μg/ml KRGT. However, the previously observed effect 
with 1.2 μg/ml KRGT was not seen (Fig. 3, Table 3). Taken 
together, this data imply that a relatively high dose of KRGT 
helps fl ies handle environmental stresses, in particular starva-
tion pressure.

KRGT prevents weight gain
Results from the lifespan and starvation resistance as-

says suggest that KRGT affects an Drosophila metabolism 
to improve its ability to resist environmental stress, which po-
tentially constitutes a mechanisms underlying the observed 
extension in lifespan. As an alternative approach to examine 
KRGT’s effect on metabolism, changes in fl ies’ weights was 

monitored at the age of 1, 10 and 30 day by rearing them on 
diets supplemented with different amounts of KRGT as de-
scribed above. On day 1, mean fl y weight was 1.23 mg. The 
weight of fl ies fed on AL kept increasing to 1.94 mg at age 10 
day and to 2.10 mg at age 30 day. Until age 10 day, no dif-
ference in weight was found among the groups fed with diets 
supplemented with KRGT. However, at age 30 days, although 
low concentrations of KRGT (0.12 μg/ml  and 1.2 μg/ml) did 
not impart any apparent effect on weight gain, the highest lev-
el of KRGT supplementation (12 μg/ml) signifi cantly blocked 
weight gain (Fig. 4, mean weight was 1.66 mg, p<0.05). 

DISCUSSION

To examine the effects of KRGT on longevity with an in vivo 
system, Drosophila melanogaster was chosen as an ideal 
model organism since it is characterized by many signifi cant 
advantages as an in vivo model animal to address aging-
related issues. These include inexpensive cost to maintain 
colonies, ease by which genetic, pharmacologic and dietary 
manipulation can be applied, no need for animal protocol ap-
proval, existence of many functionally characterized human 
orthologous genes and short lifespan which allows observa-
tion of entire pathological processes. As such, Drosophila 
has been extensively utilized to understand the pathogenesis 
of many diseases and in particular has become a preferred 
animal model organism in the fi eld of aging research (Par-
tridge and Barton, 1993; Helfand and Rogina, 2003; Katewa 
and Kapahi, 2011). Currently only a few publications utilizing 
aged rodents have been published for investigating Korean 
red ginseng’s specifi c biological effects (i.e. oxidative stress 
and wrinkle formation induced by UVB irradiation) (Kang et 
al., 2009; Ramesh et al., 2012). Hence, to my best knowledge, 
this report is the fi rst examining the anti-aging effect of Korea 
red ginseng by analyzing the entire lifespan with an in vivo 
model organism. 

Organisms are known to utilize stored fat to sustain ATP 
production in states of starvation, which depletes fuel sources. 
Flies are not the exception in this regard. Flies store fat in mul-
tiple places. One of well-known fat storages is the fat body, the 

Fig. 3. KRGT supplementation increases resistance to starva-
tion stress. Eclosed adult fl ies were reared on diets either with or 
without KRGT supplementation (0.12 μg/ml, 1.2 μg/ml or 12 μg/ml 
KRGT). 12 days later, fl ies were transferred to 1% agar media and 
survivorship curves were constructed by scoring dead fl ies every 
4-8 hours with Prism 4 software. Statistical signifi cance was deter-
mined with Log-rank testing by comparing to AL. ***p<0.001.
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Fig. 4. KRGT supplementation on AL diet prevents weight gain. 
Flies were maintained on either control diet (AL) or diets supple-
mented with KRGT (0.12 μg/ml, 1.2 μg/ml or 12 μg/ml KRGT). 
Flies’ weights were measured in each group when they reached 1, 
10 and 30 days of age. Data are presented as mean ± s.e.m (N = 
4-8). Statistical signifi cance was determined with one way ANOVA 
with Dunnet post-hoc testing by comparing to AL. *p<0.05.

Fig. 2. KRGT supplementation affects fl ies’ capacity to resist star-
vation stress. The effect of KRGT supplementation on infl uencing 
flies’ ability to resist starvation stress was examined. Flies were 
fed with three different doses of KRGT (0.12 μg/ml, 1.2 μg/ml or 12 
μg/ml) for 12 days after eclosion, followed by being transferred to 
a starvation media. Prism 4 software was utilized to construct sur-
vivorship curves by scoring dead fl ies every 4-8 hours. Statistical 
signifi cance was determined with Logrank testing by comparing to 
AL. ***p<0.001.
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organ equivalent to the mammalian liver, white adipose tissue. 
The extent of fat storage have been reported in the literature 
to be affected by dietary composition. For example, restricted 
diet (i.e. calorie restriction) increases fat storage, which consti-
tutes a main mechanism to potentiate an organism’s capacity 
to resist starvation stress (Piper et al., 2005). It is also worth 
noting that calorie restriction is a well-known manipulation that 
increases lifespan of numerous organisms including yeast, 
worms, fl ies and even monkeys (Piper and Bartke, 2008; Fon-
tana et al., 2010). Thus it would be an intriguing question to 
investigate whether supplementation with KRGT could mimic 
calorie restriction effects by measuring total fat content and 
monitoring signaling pathways that have been reported to be 
regulated by restricted diets in the fl y system (i.e. Insulin/IGF-
like/mTOR signaling pathways) (Kapahi et al., 2004; Gianna-
kou and Partridge, 2007; Partridge et al., 2011; Johnson et al., 
2013). In addition, it is also possible that enzymatic activities 
associated with fat turnover (fat metabolism and synthesis) 
could be regulated by KRGT. These two hypotheses and other 
possibilities (i.e. regulation of reactive oxygen species, infl am-
mation, etc) should be the subject of future experiments.

Thus far, several previous studies have highlighted ginseng 
as a critical player in regulating obesity. For instance, ginseng 
interrupts adipogenesis by regulating matrix metallopepti-
dases in a cell culture model and angiogenesis in an obese 
mouse model (Oh et al., 2012; Lee et al., 2013). With this in 
vivo Drosophila model organism, the data presented here add 
additional evidence supporting ginseng’s emerging role as a 
potentially attractive agent that could prevent obesity. 

Taken together, in this report, Korean red ginseng’s nov-
el effects on regulating lifespan and its capacity to mitigate 
environmental stresses and weight gain are described using 
Drosophila as an in vivo model organism. Considering that it 
has become one of most widely administered health food sup-
plements in Korea and is attracting much interest in western 
countries, this report would spur further research to discover 
ginseng’s poorly characterized health benefi ts, thereby even-
tually helping pave new avenues to utilize ginseng as a key 
component in medical regimens in order to prevent and cure 
many forms of diseases.
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