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Objectives: This study evaluated the effect of aqueous extract from roots of Siberian ginseng on mTORC1 pathway.
Methods: mTORC1 activity was measured by the phosphorylation status of p70 S6 kinase (S6K) in HeLa cells as 
well as the brain, liver and muscle tissues in diabetic db/db mice. Autophagy induction after the treatment of Siberian 
ginseng extract was evaluated by monitoring the conversion of cytoplasmic LC3I into lipidated LC3II in cultured 
human HeLa GFP-LC3 cells. Cell cycle analysis was performed in HeLa cells treated with Siberian ginseng using 
flow cytometry. 
Results: Among >2,800 plant products used for oriental medicine, Siberian ginseng was found to inhibit mTORC1 
to phosphorylate S6 kinsase (S6K) in HeLa cells as well as the brain, liver and muscle tissues in diabetic db/db mice. 
Siberian ginseng-mediated mTORC1 activity was reversible unlike the prolonged suppression of mTORC1 by 
rapamycin when HeLa cells were grown in fresh media after the removal of the inhibitors. Siberian ginseng extract 
at concentrations to inhibit mTORC1 was not overly cytotoxic in cultured HeLa cells whereas rapamycin was 
obviously cytotoxic. The conversion of cytoplasmic LCI into lipidated LCII was increased by fivefold in HeLa 
GFP-LC3 cells treated with Siberian ginseng extract. Progression of cell cycle was attenuated at G2/M phase by the 
treatment of Siberian ginseng extract. 
Conclusions: These results suggest that the aqueous extract of Siberian ginseng possibly plays a good therapeutic role 
in various diseases involving mTORC1 signaling. 
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Introduction

Mammalian target of rapamycin (mTOR) signaling 

pathway has been regarded as a central controller of 

cell growth, cell size, cell shape and cell proliferation 

in mammalian cells. mTOR is a Ser/Thr kinase that 

belongs to the phosphatidylinositol kinase-related 

protein kinase family1). mTOR exists in two complexes, 

mTORC1 and mTORC2. While mTORC1 is a 

rapamycin-sensitive protein kinase which regulates 

protein synthesis and cell growth, mTORC2 is a 

rapamycin-resistant protein kinase which promotes 

cell survival and cytoskeleton organization2-4). mTORC1 

activates cellular processes by phosphorylating two 

downstream effectors, ribosome S6 kinases (S6K) 

and eukaryotic initiation factor 4E-binding proteins 

(4E-BPs)5,6). Both mTORC1 and S6K are activated 

by insulin through the insulin receptor/insulin receptor 

substrate/phosphatidyinositol 3-kinase/Akt (PI3-kinase/Akt) 

pathway7).
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Studies have demonstrated that mTORC1 activity 

upregulates anabolic cellular processes including 

protein synthesis and ribosome biogenesis, but 

downregulates catabolic processes such as 

autophagy1). As mTORC1 signaling is centered at the 

interphase between catabolic and anabolic processes, 

mTORC1 is implicated in diseases associated with 

dysregulation of cell growth and failure of 

maintaining homeostasis. Activation of mTORC1 

pathway has been known to be involved in various 

pathological conditions including cancer, obesity and 

type II diabetes8,9). Recent findings have also 

presented evidence that the inhibition of mTORC1 

signaling pathway can extend lifespan in various 

organisms including mice10,11).

Rapamycin has been shown to prevent cell cycle 

progression from G1 to S phase in mammalian 

cells12). Rapamycin and its derivatives, which act as 

specific allosteric inhibitors of mTORC1 kinase13), 

have been developed as anticancer agents in various 

preclinical models14), and clinically used as an 

immunosuppressant for organ transplantation15,16). 

Despite of a strong therapeutic potential, rapamycin 

has some unwanted side effects such as mTOR 

inhibitor-associated lymphedema17), stomatitis18) and 

azoospermia19). 

Therefore, researchers have tried to find out 

efficient inhibitors of mTOR signaling pathways 

without adverse side effects. In search of naturally 

occurring plant products that can modulate mTORC1 

activity, a large collection of >2,800 natural plant 

products used in folk medicine for pharmacological 

applications was screened. Among 2,800 plant 

products, Siberian ginseng was found to inhibit to 

inhibit mTOR/S6K activity, induce autophagy and 

arrest cell cycle at G2/M phase in cultured human 

cells. We used obese diabetic db/db mice to 

investigate whether the aqueous extract of Siberian 

ginseng suppresses the phosphorylation of S6K in 

the brain, liver and muscle tissues. 

In this report, we launch revealing out the 

mechanism of Siberian ginseng, which has been 

traditionally used in Korean medicine for a wide 

range of health benefits20), on the intervention in 

mTOR signaling. 

 

Material and Methods

1. Reagents and antibodies

Mouse monoclonal antibody for S6K and Anti-GFP 

mouse antibody were from Santa Cruz Biotechnology 

(Santa Cruz, CA, USA). Mouse antibody against 

phosphorylated S6K (Thr 389) was from Cell Signaling 

Technology (Boston, MA, USA). Rapamycin and 

rabbit antibodies for phosphorylated Akt at Thr 308 

and Ser 473 were also from Cell Signaling 

Technology. Anti-α-tubulin antibody (T5168) was 

purchased from Sigma Chemical Co. (St. Louis, MO, 

USA).

2. Preparation of an aqueous extract from 
roots of Siberian ginseng

Dried Siberian ginseng roots (Acanthopanacis 
senticosi Radix) cultivated in Youngcheon Province, 

South Korea were obtained from National Medicine 

Research Center of Korean Instititute of Bioscience 

and Technology, Daejon, South Korea. The plant 

was identified by a botanist from the Institute of 

Traditional Medicine and Bioscience, Daejon 

University, Daejon, South Korea. Roots of Siberian 

ginseng (600g) were pulverized, extensively washed 

with water and dried at 40℃ in a hot air oven. The 

plant material was homogenized in 2 L of hot 

boiling water for 2 h and allowed to stand for 24 h. 

After filtration, the filtrate was lyophilized. The 

lyophilized extract (~50g) was dissolved in DMSO 

and used to evaluate its effect on mTORC1 signaling 

in both cultured cells and animal model.

3. Cell culture and viability assay

HeLa cells were cultured in Dulbecco’s Modified 
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Eagle’s medium (DMEM) supplemented with 10% 

(v/v) fetal bovine serum (Gibco, Grand island, NY, 

USA) and maintained at 37℃ in 5% (v/v) CO2 under 

a humidified atmosphere. Viability of HeLa cells 

after treatment with rapamycin (50-200nM) or 

Siberian ginseng (50-100㎍/ml) was determined by 

trypan blue dye exclusion as described elsewhere21).

4. Experimental mice

C57BLKS/J-m+/Lepr db (db/db) mice with 14 

week-old age were purchased from Japan SLC, Inc 

and acclimated to the experimental condition of 

Korea Advanced Institute of Science and Technology 

(KAIST) for 1 week. Experiments using this mouse 

strain were compliant with the guideline of 

Institutional Animal Care and Use Committee 

(IACUC) at KAIST. Diabetic obese db/db mice were 

fed a normal diet AIN-76A, (Research Diets, USA) 

composed of 20.3% (g/g) protein, 66% (g/g) 

carbohydrate, 5% (g/g) fat and 8.7% (g/g) essential 

ingredients under ad libitum conditions. Siberian 

ginseng extract (100㎍/g body weight/day) was 

intraperitoneally injected to 15 week-old mice (n=3 

female and 3 male mice) for a week. After 24 h of 

the seventh injection, mice were sacrificed. All the 

mice were starved for 16 h before sacrifice. For 

analysis of mTORC1 activity, tissue samples were 

prepared from the sacrificed mice for immunoblotting.

5. Induction of autophagy

Autophagy induction after the treatment of Siberian 

ginseng extract was evaluated by monitoring the 

conversion of cytoplasmic LC3I into lipidated LC3II22) 

in cultured human HeLa GFP-LC3 cells. GFP-LC3 

HeLa cells were established as previously described23). 

The induction of autophagy by the plant extract was 

quantified by measuring the percentage of GFP-LC3 

positive HeLa GFP-LC3 cells with punctuate dots 

using fluorescence microscopy.

6. Cell cycle analysis

Cell cycle was analyzed by flow cytometry. HeLa 

cells treated with Siberian ginseng extract were fixed 

in 1% formaldehyde PBS followed by ice-cold 70% 

ethanol, and incubated on ice for 30 mins with 

thorough mixing. Fixed cells were then treated with 

RNaseI and stained with propidium iodide for 

fluorescence-activated cell sorter (FACS) analysis of 

DNA contents24).

Results and Discussion

1. Inhibition of mTORC1 activity by Siberian 
ginseng extract in cultured HeLa cells

An aqueous extract from roots of Siberian ginseng 
inhibited ability of mTORC1 to phosphorylate its 

substrate protein S6K in HeLa cells (Fig. 1A). Due 

to the presence of mTORC1-dependent negative 

feedback loop, inactivation of mTORC1 results in 

the increases in the phosphorylation of insulin 

receptor substrate-1 (IRS-1) and mTORC29). Rapamycin, 

for example, inhibits the phosphorylation of S6 

kinase due to the inhibition of mTORC1, but 

stimulates the phosphorylation of Akt25). Akt is either 

phosphorylated by PI3-kinase at Thr 308 or 

phosphorylated at Ser 473 by mTORC225-27). Since 

IRS-1/PI3K pathway is negatively regulated by the 

mTORC1-dependent S6K phosphorylation, mTORC1 

inhibition primes the activation of phosphorylation of 

Akt at Thr 308 by IRS-1/PI3K signal pathway. Aside 

from Akt phosphorylation at Thr 308, inhibition of 

S6K by mTORC1 inactivation also upregulates 

mTORC2 through the inactivation of phosphorylation 

of Rictor component in mTORC2. Therefore, the 

inhibition of S6K activity through mTORC1 

inactivation enhances the activity of mTORC2, 

which in turn activates Akt through its 

phosphorylation at Ser 47328,29). 

In our study, data in Fig. 1B revealed that 

mTORC1 inhibition by Siberian ginseng extract 
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Fig. 1. mTORC1 inhibition in cultured HeLa cells treated with an aqueous extract from roots of Siberian ginseng (A. senticosus).
(A) Inactivation of mTORC1 in HeLa cells treated with A. senticosus extract was analyzed by immunoblotting to examine the phosphorylation status 

of S6K.
(B) mTORC1 inhibition by A. senticosus extract (100㎍/ml) for the indicated amount of time induces Akt activation in HeLa cells. Cellular levels of 

S6K, phosphorylated S6K, phosphorylated Akt at Ser 473 and phosphorylated Akt at Thr 308 were measured by immunoblotting using respective 
antibody. Tubulin level was used as a loading control.

(C) Inhibition of mTORC1 by A. senticosus extract is a reversible process whereas inhibition of mTORC1 by rapamycin is an irreversible process. 
HeLa cells were treated with A. senticosus extract (50㎍/ml) or rapamycin (100 nM) for 0, 2 or 4 h. Cells were then washed with fresh media 
and post-incubated in media without inhibitors for indicated amount of time.

(D) Cytotoxicity of A. senticosus extract. HeLa cells were treated with concentrations of A. senticosus extract for 24 h (upper). HeLa cells were treated 
with concentrations of rapamycin for 24 h (lower). Cells were stained with 0.4% trypan blue. Total number of cells, stained and unstained, was 
counted. Percentages of unstained viable cells were presented. Values represent mean±SD (n≥3 experiments).

(144)

might also elicit the increased Akt phosphorylation at 

Thr 308 through the activation of IRS-1/PI3K 

pathway as well as the increased Akt phosphorylation 

at Ser 473 through the activation of mTORC2 

pathway. These results evidenced the presence of the 

negative feedback loops that induce mTORC1 

inactivation mediated by the upregulation of IRS-1/ 

PI3K or mTORC2. The increased phosphorylation of 

Akt after the treatment with Siberian ginseng extract 

paradoxically advocated the substantial inhibition of 

mTORC1 by Siberian ginseng in cultured human 

cells. The underlying mechanism by which Siberian 

ginseng extract inhibits mTORC1 remains unknown 

at present. The increased phosphorylation of Akt 

following by the inhibition of mTORC1 (Fig. 1B) at 

least disprove that Siberian ginseng extract inhibits 

mTORC1 by inhibiting Akt, an upstream signaling 

kinase that activates mTORC1. The activation of Akt 
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Fig. 2. Inhibition of mTORC1 in tissues of animal model treated 
with Siberian ginseng (A. senticosus) extract. Diabetic 
db/db mice of 15 weeks of age were intraperitoneally 
injected with aqueous root extract of A. senticosus 
(100 ㎍/g body weight/day) for a week (n=3 female 
and 3 male mice). Tissue homogenates from 
experimental mice were analyzed by immunoblotting 
to examine phosphorylation status of S6K and 
phosphorylated S6K.

(145)

after the treatment of Siberian ginseng extract also 

implies that mechanistic base for the inhibition of 

mTORC1 by Siberian ginseng is similar as that of 

mTORC1 inhibition by rapamycin. 

However, the data in Fig. 1C disclose that 

inhibition of mTORC1 activity by Siberian ginseng 

extract is a reversible process. Unlike the prolonged 

suppression of rapamycin-mediated mTORC1 activity 

in HeLa cells grown in fresh media after the removal 

of rapamycin, mTORC1 inhibition by Siberian 

ginseng was easily recovered by growing cells in the 

absence of the inhibitor. The cytotoxic activity of 

Siberian ginseng extract was also apparently different 

from that of rapamycin. Siberian ginseng extract at 

concentrations to inhibit mTORC1 in cultured HeLa 

cells was not overly cytotoxic as was shown in Fig. 

1D.

2. mTORC1 inhibition by Siberian ginseng 
extract in animal model

The effect of Siberian ginseng extract that inhibits 

mTORC1 was investigated in diabetic obese db/db 

mice. The administration scheme of Siberian ginseng 

was determined from the preliminary experiment 

which adopted 10-100㎍/g body weight/day with 1-7 

day protocol. In the diabetic db/db mice in which 

mTORC1 activity is highly activated30), Siberian ginseng 

extract (100㎍/g body weight/day) intraperitoneally 

administered for a week induced a severe 

downregulation of phosphorylated S6K in tissues of 

brain, liver and muscle (Fig. 2). 

Yet, there is no in vivo experimental evidence 

with anti-mTOR activity of Siberian ginseng. 

Supported by this result, there might be an ample 

probability that the oral administration of Siberian 

ginseng could treat and/or prevent nutrient-dependent 

obesity and insulin resistance in vivo. 

3. Autophagy induction in HeLa GFP-LC3 cells 
treated with Siberian ginseng extract

mTORC1 has been well documented as a negative 

regulator of autophagic pathway7,31). Autophagy is 

considered as a protection process which enables 

cells to survive adverse conditions like nutrient 

limitation, infections, toxins and other types of cell 

stress. Autophagy induction was assessed and 

quantified in established HeLa GFP-LC3 cells. In 

response to the treatment of Siberian ginseng extract, 

LC3I was converted into LC3II, a known hallmark 

of autophagy32), in HeLa GFP-LC3 cells (Fig. 3A). 

The accumulation of GFP-LC3 in the autophagosomes 

in HeLa GFP-LC3 cells stably expressing LC3 was 

imaged by fluorescent microscopy (Fig. 3B) and 

quantified (Fig. 3C). Treatment of HeLa GFP-LC3 

cells with 10㎍/ml of Siberian ginseng extract for 24 

h increased the number of cells with GFP-LC3 

punctate dots by approximately fivefold. 

Because autophagy is a catabolic pathway that 

degrades bulk cytosol in the lysosomal compartments 

enabling amino acids and fatty acids to be recycled, 

attenuation in the progression of cell cycle is very 

plausible.
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Fig. 3. Induction of autophagy by Siberian ginseng (A. senticosus) 
extract in HeLa GFP-LC3 cells.

(A) The conversion of GFP-LC3I into GFP-LC3II in HeLa GFP-LC3 cells 
treated with concentrations of A. senticosus extract for 24 h was 
monitored by immunoblot analysis.

(B) The accumulation of GFP protein in autophagosomes in HeLa 
GFP-LC3 cells after treatment with A. senticosus (50 ㎍/ml) for 24 
h was assessed by fluorescence microscopy.

(C) Autophagy induction after incubation of HeLa GFP-LC3 cells in the 
presence of A. senticosus extract (10 ㎍/ml or 20 ㎍/ml) for 24 h 
was quantified by counting the number of cells with GFP-LC3 
punctate dots. Autophagy induction was quantified as mean±SD 
of combined results from three independent experiments.

Fig. 4. Cell cycle arrest at G2/M phase by Siberian ginseng 
(A. senticosus) extract treatment. HeLa cells were 
treated with A. senticosus extract (50㎍/ml) for the 
stated period of time. Cells were fixed with 70% 
ethanol and stained with propidium iodide (PI). Cell 
cycle was analyzed by flow cytometry. Percentages 
of G0/G1 and G2/M phases of cell cycle were 
presented.

(146)

4. Accumulation of G2/M cell cycle by 
Siberian ginseng extract

In eukaryotic cells, cell growth and cell proliferation 

occurs only during certain phases of cell cycle. Cell 

growth and cell proliferation require accumulation of 

cellular proteins. As cellular processes like cell 

growth are directly linked with mTORC1 function 

that integrates signals for protein synthesis, mTORC1 

signaling pathway should be functionally linked with 

cell cycling. mTORC1 signaling pathway is wired to 

various proteins involved in cell cycling. These 

include p21 and p27 CDK inhibitor proteins, CDK4 

and cyclinD1, D3, E and A33). While rapamycin 

inhibits growth factor signaling and induces G1 

arrest in many cell types12), treatment of Siberian 

ginseng extract induces G2 arrest in HeLa cells (Fig. 

4). This finding may warrant a further study on a 

potential use of Siberian ginseng as a chemopreventive 

agent with less side effects than rapamycin-based 

therapeutic approach.
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