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Abstract Gynostemma pentaphyllum is widely used

in Asian countries as a herbal medicine to treat

dyslipidemia, type 2 diabetes and inflammation. An

ethanol extract of G. pentaphyllum lessened obesity by

activating AMP-activated protein kinase (AMPK).

The levels of damulins A and B, components respon-

sible for AMPK activation in the extract, were

increased by autoclaving in a time-dependent manner.

Heat-processed G. pentaphyllum extract, actiponin

containing damulins A (0.93 %, w/w) and B (0.68 %,

w/w), significantly stimulated fat oxidation and glu-

cose uptake via AMPK activation in L6 myotube cells.

Oral administration of actiponin to ob/ob mice for

8 weeks decreased body weight gain, liver weight, and

blood cholesterol levels with AMPK activation in the

soleus muscle. Our results demonstrate the beneficial

effect of G. pentaphyllum on improving obesity

and have elucidated the underlying molecular

mechanisms.
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Introduction

Obesity is a global epidemic, resulting in significant

morbidity and mortality due to weight-related disorder

and reduced quality of life. Therefore, prevention or

treatment of obesity is important for reducing the

incidence of co-morbidities, including type 2 diabetes,

hyperlipidemia, heart disease, and cancer (Guh et al.

2009).

AMP-activated protein kinase (AMPK) is an

evolutionarily conserved intracellular energy sensor

and regulates whole-body and cellular energy bal-

ance in responses to energy demand and supply. It

has been implicated in metabolic diseases, such as

obesity, type 2 diabetes, and dyslipidemia as its

activation stimulates b-oxidation and glucose uptake

in skeletal muscle while inhibiting hepatic fat and

cholesterol synthesis (Zhang et al. 2009). AMPK is

a heterotrimeric serine/threonine kinase composed of

catalytic a and regulatory b and c subunits. Its

activation is mainly achieved via phosphorylation

of Thr172 in the a subunit by LKB1 kinase or

Ca2?/calmodulin-dependent protein kinase kinase

(Towler and Hardie 2007; Xiao et al. 2011). AMPK

phosphorylates downstream targets and switches off

ATP-consuming pathways, including fatty acid and

cholesterol synthesis, and switches on ATP-generating

pathways, including fatty acid oxidation and glycol-

ysis (Fogarty and Hardie 2010). AMPK also inacti-

vates acetyl-CoA carboxylase (ACC) by direct

Ser79 phosphorylation, thereby inhibiting fat synthesis

by reducing malonyl-CoA production from acetyl-

CoA (Cool et al. 2006). AMPK also directly inacti-

vates 3-hydroxy-3-methylglutaryl-CoA reductase by

increasing its phosphorylation, thereby inhibiting

cholesterol synthesis (Davies et al. 1992). Moreover,

AMPK decreases blood glucose levels by stimulating

translocation of glucose transporter 4 (GluT4) to cell

membrane and regulating GluT4 expression indepen-

dent of insulin signaling (Burcelin et al. 2003). These

beneficial effects of AMPK activation on glucose and

lipid metabolism highlight AMPK as an emerging

drug target for treating metabolic syndrome including

obesity and type 2 diabetes (Fogarty and Hardie

2010).

Gynostemma pentaphyllum, a member of the

Cucurbitaceae family, has been widely used in

Asian countries as an herbal medicine. Extracts or

saponins from this plant have a wide range of beneficial

effects such as anti-hyperlipidemic, hypoglycemic,

anti-inflammatory, and anti-tumor activities (Razmov-

ski-Naumovski et al. 2005). Mechanisms underlying

these diverse effects are poorly understood but are

likely associated with the diverse downstream effects

of AMPK activation (Fogarty and Hardie 2010).

To explore the mechanisms underlying the ben-

eficial effects of G. pentaphyllum, we recently

characterized two novel dammarane-type saponins,

damulins A and B, from G. pentaphyllum extract as

potent AMPK activators (Nguyen et al. 2011). In the

present study, we found that damulins A and B

levels in the extract were increased by autoclaving

and correlated with the ability of the extract to

activate AMPK. Treatment with G. pentaphyllum

extract enriched in damulins (actiponin) activated

AMPK in L6 myotubes with stimulation with

stimulating fatty acid oxidation and glucose uptake.

In ob/ob mice, oral treatment with actiponin reduced

body weight gain, liver weight and blood cholesterol

levels with AMPK activation in the soleus muscle,

demonstrating for the first time the ability of

G. pentaphyllum extracts on improving obesity by

stimulating AMPK activation.

Materials and methods

Reagents

Compound C, insulin and wortmannin were pur-

chased from Calbiochem. 5-Aminoimidazole-4-

carboxamide-1-b-D-ribofuranoside (AICAR) and bovine

serum albumin were purchased from Sigma Chemical

Co. Antibodies against phospho-AMPKa (Thr172), total

AMPK, phospho-ACC (Ser79), total ACC, adiponectin,

integrin-a1, carnitine palmitoyltransferase 1 (CPT1),

peroxisome proliferator-activated receptor-c (PPARc),

CCAAT/enhancer binding protein-a (C/EBP1a), and

sterol regulatory element binding protein-1c (SREBP1c)

antibodies were purchased from Cell Signaling Technol-

ogy. Antibodies against GluT4 and b-actin antibodies

were from Santa Cruz Biotechnology, Inc. Fetal bovine

serum (FBS), trypsin/EDTA, and penicillin/streptomycin

were obtained from Gibco. 2-Deoxy-[3H]D-glucose

(2-DG) was from Perkin-Elmer Life Sciences.
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Plant materials

Gynostemma pentaphyllum was purchased from Won-

kwang Food Co. (Geochang, Republic of Korea) and

identified by Professor Jae-Hong Park, Department of

Biology, Kyungpook National University. A voucher

specimen (TLH 1001) was deposited in the herbarium

of Kyungpook National University (KNU).

Preparation of G. pentaphyllum extract

and actiponin

Dried G. pentaphyllum leaves (1 kg) were extracted

using ethanol, concentrated under reduced pressure,

and then subjected to physical modification by auto-

claving at 121 �C for 1–4 h. After 4 h of autoclaving,

the actiponin yield was 18.7 % (w/w).

HPLC analysis

Analytical HPLC was performed with a C18 column

(250 9 4.6 mm, 5 lm) using a stepwise gradient of

acetonitrile/water at 0–20 % (v/v) for 2 min, 20–60 %

for 31 min, 60–100 % for 6 min, 100 % for 9 min,

100–20 % for 5 min, 20 % for 7 min) at 0.8 ml/min.

The eluate was measured at 205 nm.

Cell culture

L6 Cells, 3T3 L1 preadipocyte cells and HepG2 cells

were obtained from ATCC. L6 cells and 3T3 L1

preadipocyte cells were cultured and differentiated

into myotube and adipocyte cells, respectively, as

previously described (Hwang et al. 2008; Koh et al.

2004). HepG2 cells were cultured in Dulbecco’s

modified eagle media containing 10 % (v/v) FBS,

100 U penicillin/ml and 100 lg streptomycin/ml in

5 % CO2 at 37 �C.

Flow cytometry

Flow cytometric analysis with excitation wavelength of

495 nm and emission spectrum of 521 nm was per-

formed using FACS Calibur flow cytometer (Becton–

Dickinson) with CellQuest software. For labeling

GluT4 protein in plasma membranes, L6 myotube cells

(104 cells) were incubated with rabbit anti-GluT4

antibody at 1:1,000 and subsequently labeled with

FITC-conjugated anti-rabbit IgG (Santa Cruz Biotech-

nology) secondary antibody at 1:2,000.

Measurement of glucose uptake and b-oxidation

L6 myotubes were treated with actiponin, insulin, and

AICAR with or without pretreatment of compound C

for 30 min at 37 �C and subjected to glucose uptake

assay using radiolabelled 2-deoxy-D-[1-3H]glucose (2-

DG) (Hwang et al. 2008). Changes of b-oxidation

were analyzed as previously described (Cabrero et al.

2001).

Western blot analysis

Total cell lysates were prepared as previously

described (Hwang et al. 2008). Isolated mouse soleus

muscle tissues were homogenized in HEPES buffer

(20 mM HEPES, 250 mM sucrose, 1 mM EDTA, pH

7.4) containing a protease inhibitor cocktail (Roche

Molecular Biochemicals). Plasma membrane fractions

of cultured L6 myotubes were prepared as previously

described by Nishiumi and Ashida (2007). Protein

samples were subjected to Western blot analysis

according to the standard procedure using respective

antibodies.

Animal experiments

Male ob/ob mice with a C57BL/6 background

(5 weeks old) were purchased from Jackson Labora-

tory and fed a standard rodent diet with water ad libitum.

Mice were kept individually housed in standard cages

with controlled temperature (22 ± 2 �C), humidity

(55 ± 5 %) and a 12-h light/dark cycle. After acclima-

tion, 6- or 9-week-old mice were used for the experi-

ments. The mice were orally administered vehicle

(saline), actiponin (150, 200 and 300 mg/kg/day) or

sibutramine (30 mg/kg/day) for 8 weeks. Food intake,

body weight and lipid levels were measured weekly. The

experiments were performed in accordance with the

principles outlined by the Institutional Animal Care and

Use Committee for the care and use of laboratory

animals.

Analysis of plasma lipid levels

Mice were fasted for 5 h and blood was collected by

retro-orbital venous plexus puncture. Plasma was
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separated by centrifugation and frozen at -80 �C.

Total cholesterol and triglyceride levels were mea-

sured by using kits (Cliniqa Inc.), according to the

manufacturer’s instructions.

Statistical analysis

One-way analysis of variance was used to measure

differences between multiple groups. When the

differences were statistically significant, a Scheffe

test was used for post hoc analysis. For comparison

between two groups, Student’s t test was used. All data

are expressed as the mean ± SE. P values\0.05 were

considered statistically significant. All statistical anal-

yses were performed using SPSS version 19.0 (SPSS,

Inc., Chicago, IL).

Results and discussion

Activity of G. pentaphyllum extract on AMPK

activation is increased by autoclaving

Modification of ethanol extract of G. pentaphyllum

ethanol extract by autoclaving at 121 �C increased

AMPK(Thr172) and ACC (Ser79) phosphorylations in

L6 cells in a time-dependent manner (Fig. 1a). This was

positively correlated with elevated levels of AMPK

activators, damulins A and B (Nguyen et al. 2011), in

the extract (Fig. 1b; Table 1). damulins A and B

enrichment might be accomplished by heat-induced

modification of other saponins in G. pentaphyllum

similar to ginsenosides F(4), Rg(3) and Rg(5), in heat-

processed ginseng (Kim et al. 2000). Heat-processed

G. pentaphyllum extract containing damulins A

(0.93 %, w/w) and B (0.68 %, w/w), obtained by

autoclaving for 4 h (Fig. 1b; Table 1), was called

‘‘actiponin’’, and used for in vitro and in vivo studies.

Along with damulins A and B, two other saponins in

actiponin (Fig. 1b) were also purified and their chem-

ical structures were determined with 1D (including 1H

and 13C) and 2D (including gHSQC, COSY, HMBC

and NOESY) NMR spectra as well as mass data

analyses as previously described (Nguyen et al. 2011).

These two saponins were characterized as gypenosides

XLVI (Takemoto et al. 1984) and LXXVII (Yoshikawa

et al. 1987). In contrast to damulins A and B, the two

known gypenosides did not activate AMPK in cultured

L6 myotubes (data not shown).

Actiponin phosphorylated AMPK and ACC in a

dose- and time-dependent manner in L6 myotubes

(Fig. 2a, b). In 3T3 L1 adipocytes, actiponin increased

the expression of adiponectin, an adipocyte-derived

hormone that increases insulin sensitivity and energy

homeostasis (Fogarty and Hardie 2010), similar to

rosiglitazone (Fig. 2c). This finding suggests that

increased adiponectin levels might contribute to the

hypoglycemic effect of G. pentaphyllum extract

previously observed in db/db diabetic mice (Yeo

et al. 2008). Compound C, an AMPK inhibitor,

abrogated AMPK and ACC phosphorylation in L6

myotubes (Fig. 2d), indicating that AMPK was acti-

vated by actiponin.

Actiponin regulates the expression of key factors

of adipogenesis and fat oxidation

The effect of actiponin on regulation of lipid metab-

olism in cultured HepG2 and L6 myotubes was

Fig. 1 Positive correlation between autoclaving time and

ability of G. pentaphyllum extract to increase AMPK and

ACC phosphorylation. a L6 myotubes were treated with

actiponin (60 lg/ml) for 2 h. As a positive control, 2 mM

metformin (Met) was treated for 1 h. Cell lysates (80 lg

protein) were subjected to Western blotting. b Damulins A (peak

A) and B (peak B) levels were increased in G. pentaphyllum
extracts by autoclaving in a time-dependent manner. To analyze

damulins A and B contents, heat-processed G. pentaphyllum
extract (2 mg) was dissolved in 60 % MeOH and subjected to

HPLC analysis. Gypenosides XLVI and LXXVII are indicated

by an asterisk and closed triangle, respectively

Table 1 Increased Damulin A B levels in G. pentaphyllum extract by autoclaving

0 h 1 h 2 h 3 h 3.5 h 4 h

Damulin A 0.10 ± 0.01 0.20 ± 0.01 0.46 ± 0.02 0.73 ± 0.04 0.89 ± 0.05 0.93 ± 0.05

Damulin B 0.09 ± 0.01 0.16 ± 0.01 0.36 ± 0.02 0.55 ± 0.03 0.63 ± 0.04 0.68 ± 0.04

Levels of Damulins A and B in Actiponin (2 mg) were determined by HPLC analysis using purified Damulin A and B as standards.

All data (%, w/w) are expressed as the mean ± SD of three experiments

b
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analyzed. The expression of CPT1, a rate-limiting

enzyme for mitochondrial b-oxidation, while the

expression of lipogenic transcription factors (Lee

et al. 2006), including PPARc, C/EBP1a, and

SREBP1c in both liver and muscle cells (Fig. 2e, f)

was decreased. Additionally, expression of PPARc
coactivator-1a, a key regulator of several mitochon-

drial genes involved in adaptive thermogenesis (Lee

et al. 2006), was increased by actiponin in a dose-

dependent manner (Fig. 2e, f). These findings suggest

that actiponin stimulates fat oxidation by increasing

CPT1 expression but inhibits adipogenesis by decreas-

ing expression of PPARc, C/EBP1a, and SREBP1c.

Actiponin stimulates glucose uptake and fatty acid

oxidation

Increased glucose uptake is a well-known downstream

effect of AMPK activation (Kurth-Kraczek et al.

1999). In L6 myotubes, 2-DG uptake was significantly

increased (1.7-fold) by actiponin; this was comparable

to that achieved with 1 mM AICAR or 100 nM insulin

(Fig. 3a). However, increased 2-DG uptake was

abrogated by pretreatment of an AMPK inhibitor,

compound C (10 lM), confirming that actiponin

increases 2-DG uptake through AMPK activation

(Fig. 3b). Along with increased 2-DG uptake,
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Fig. 2 Effect of actiponin on AMPK phosphorylation and

expression of key factors in lipid metabolism. a L6 myotubes

were treated with actiponin for 2 h or AICAR for 1 h. b L6

myotube cells were treated with actiponin (60 lg/ml) for

different times. c 3T3 L1 adipocytes were treated with actiponin

or rosiglitazone (Rosi) for 2 h. d AMPK activation by actiponin

in L6 myotubes was abrogated by pretreatment (10 min) with

compound C, an AMPK inhibitor. Cell lysates (80 lg protein)

were subjected to Western blotting using b-actin as a loading

control. Cultured HepG2 cells (e) and L6 myotubes (f) were

treated with actiponin for 2 h and changes in protein expression

of various key factors that regulate lipid metabolism were

analyzed. Cell lysates (100 lg protein) were subjected to

Western blotting
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actiponin triggered GluT4 translocation to plasma

membranes similar to insulin-treated cells (Fig. 3c).

Flow cytometry analysis (Fig. 3d) revealed that

wortmannin, a phosphoinositide 3-kinase inhibitor

(Okada et al. 1994), did not abrogate increased

GluT4 translocalization on the cell surface of actip-

onin-treated L6 myotubes, whereas it blocked

nsulin-mediated GluT4 translocation. These findings

suggest that actiponin-stimulated glucose uptake is

independent of insulin signaling and demonstrates

how G. pentaphyllum extracts lower blood glucose

levels in db/db diabetic mice as seen in our previous

report (Yeo et al. 2008). Concurrent with increased

CPT1 expression (Fig. 2f), actiponin increased fatty

acid oxidation (2.2-fold) in L6 myotubes (Fig. 3e).

Collectively, these results indicate that actiponin

stimulates glucose uptake and fatty acid oxidation

via AMPK activation.
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Actiponin reduces body weight and plasma total

cholesterol level in ob/ob mice

Daily oral administration of actiponin (200 mg/kg) and

sibutramine (30 mg/kg) to 6-week-old pre-obese ob/ob

male mice (*27 g body weight) for 8 weeks reduced

body weight gain by 8.1 % (51.8 ± 0.7 g, n = 8) and

10 % (50.9 ± 0.6 g, n = 8), respectively, compared

to the vehicle group (56.4 ± 0.6 g, n = 8; Fig. 4a). In

contrast to mice treated with sibutramine, no signifi-

cant difference in food intake was observed in the

actiponin and vehicle groups (Fig. 4b), suggesting that

decreased body weight gain in the actiponin group was

independent of food intake. Decrease in body weight

gain by actiponin was accompanied by reduced

epididymal (10.3 %) and retroperitoneal (15.5 %) fat

pad mass as well as liver weight (18.8 %; Fig. 4c–e),

suggesting that decreased fat contents in these organs

most likely accounted for decreased body weight.

We also tested whether actiponin can reduce body

weight of older obese mice. Two doses of actiponin

(150 and 300 mg/kg) were orally administered to

9-week-old ob/ob male mice (*37 g body weight).

After 8 weeks, the body weight of mice treated with

actiponin at 150 and 300 mg/kg was decreased 5.7 %

(53.6 ± 1.2 g, n = 8) and 7.7 % (55.0 ± 1.1 g,

n = 8), respectively, compared to the vehicle group

(58.1 ± 1.3 g, n = 8; Fig. 4f), without changes in

daily food intake (data not shown). In the soleus muscle

of the two actiponin-treated groups, AMPK and ACC

phosphorylation was greatly increased (Fig. 4g), sug-

gesting that reduced body weight and fat mass in the

actiponin groups was most likely caused by AMPK

activation. In mice treated with actiponin at 150 and

300 mg/kg, 14.2 and 7.1 % reductions in total plasma

total cholesterol levels were observed, respectively,

compared to control group (Fig. 4h). However, no

significant decreased in plasma triglyceride levels

were seen in the actiponin groups (data not shown).

Fasting increases AMPK activity in multiple

hypothalamic regions, leading to increased food

intake, whereas inhibition of hypothalamic AMPK

activity promotes hypophagia and weight loss (Lage

et al. 2008). Food intake is increased in animals

following intracerebroventricular injection of the

AMPK activator AICAR or a-lipoic acid (Kim et al.

2004). In contrast, actiponin that activated AMPK did

not increase food intake in ob/ob mice, indicating that

AMPK activators including damulins in actiponin may

be inefficiently delivered to the brain. A lack of

increased food intake likely promotes the beneficial

effect of actiponin for treating obesity.

To prevent or improve obesity, AMPK activation in

both skeletal muscle and liver is important since these

two organs are the major sites of fat oxidation and lipid

synthesis, respectively. Oral treatment with actiponin

(300 mg/kg) for 9 days significantly increased AMPK

phosphorylation in the soleus muscle and liver of

C57BL/6 mice (Supplementary Fig. 1). Our results

suggest that the damulins in actiponin were success-

fully delivered to the skeletal muscle and liver, and

prevent or improve obesity by stimulating fatty acid

oxidation and activating AMPK in these organs.

Damulins A and B are likely to be the major

compounds in G. pentaphyllum responsible for AMPK

activation (Nguyen et al. 2011). However, we cannot

ignore the possibility that other uncharacterized dam-

marane saponins, namely gypenosides and/or panaxadi-

ol-type ginsenosides also identified in G. pentaphyllum

(Razmovski-Naumovski et al. 2005), may promote the

beneficial effects of actiponin exerted via AMPK

activation.

Conclusions

The current study identified a molecular basis for the

beneficial effects of G. pentaphyllum on improving

obesity. Further investigations are needed to charac-

terize other AMPK activators and mechanism that

increases levels of damulins in G. pentaphyllum. Our

results may be used to prepare G. pentaphyllum

extracts with more potent effects on AMPK activation,

and help elucidate the molecular mechanism underly-

ing G. pentaphyllum action for treating abnormal lipid

metabolism and other inflammatory diseases.

Fig. 4 Effect of actiponin on body weight, body fat and total

plasma cholesterol levels in ob/ob mice. a–e Actiponin

(200 mg/kg, n = 8), sibutramine (30 mg/kg, n = 8) and vehicle

(saline, n = 8) were orally administered to 6 week-old pre-

obese mice for 8 weeks. Body weights (a), food intake (b),

epididymal fat pad weight (c), retroperitoneal fat weight (d), and

liver weight (e) were measured. f–h Actiponin (150 mg/kg,

n = 8; 300 mg/kg, n = 8) or vehicle (saline, n = 8) was orally

administrated to 9-week-old obese mice for 8 weeks. f Changes

in body weight. g Western blot for AMPK and ACC

phosphorylation in the soleus muscle (60 lg protein).

h Change in total plasma cholesterol levels. *P \ 0.05;

**P \ 0.01; ***P \ 0.005 compared to the vehicle group

b
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Supplementary Data 

A single-dose oral toxicity study of Actiponin in Sprague-Dawley rats  

This study was carried out to evaluate the single-dose oral toxicity of Actiponin in Sprague-Dawley rats and to 

determine the minimum lethal dose. The test doses (2,000 and 5,000 mg/kg) were administered to male and female rats. 

Vehicle control groups were treated with 0.5% CMC-Na. Each group included 5 rats of each gender. Mortality, clinical 

signs, and body weight changes were monitored for 14 days. At the end of the 14-day observation period, all animals 

were sacrificed necropsies were observed. Followings are the summary of the results. 

1. No animalsdied during the study period, but diarrhea and soiled perineal region were observed in males and 

females treated with 2,000 and 5,000 mg/kg on the day of administration. 

2. No abnormal body weight changes were observed during the study. 

3. No abnormal necropsy findings were observed in any animals. 

The minimal lethal dose (MLD) of Actiponin in rats is higher than 5,000 mg/kg. 

 

A 13-week repeated dose oral toxicity study of Actiponin in Sprague-Dawley rats 

The present study was carried out to evaluate the toxicity of Actiponin in Sprague-Dawleyrats after repeated oral 

administration over 13 weeks, and to identify the no observed adverse effect level(NOAEL) and target organs. 

Actiponin was administered daily (2,000 and 5,000 mg/kg) by oral intubation to 20 animals per group (10 males and 10 

females each) for 13 weeks. Clinical signs, mortality, body weight, body weight gain, food consumption, water 

consumption, ophthalmic examination, urinalysis, hematology, serum biochemistry, organ weights, necropsy, and 

histopathological findings were compared to those of the vehicle control groups. Followings are summariesof the results. 

1. No animals died during the study period, but continuous diarrhea and soiled perineal region were observed in 

rats treated with 2,000 mg/kg/day. 

2. No treatment-related changes in body weight, food, and water consumption, ophthalmology test results, 

urinalysisindings, bloodanalyses, organ weights, or necropsy and histopathological findings were observed. 

Results of this study indicated that a 13-week repeated oral administration of Actiponin had adverse effects as it 

resulted in continuous diarrhea and soiled perineal region in the 2,000 mg/kg/daygroup. However this was not 

toxicologically significant and it did not produce any indication to be related to the treatment in other items.  

Under the present experimental conditions, NOEL and NOAEL was 1,000 mg/kg/day, and 2,000 mg/kg/day, 

respectively. On the other hand, the target organ was identified. 

 

Bacterial reverse mutation test of Actiponin 

The ability of Actiponin to induce reverse mutation in histidine auxotroph strains of Salmonella typhimurium 

TA100, TA1535, TA98, TA1537 strains, and tryptophan auxotroph Escherichia coli WP2 uvrAstrain was evaluated. 

Actiponin was dissolved in sterile distilled water and serial dilutions were made. The tests were conducted in the 

presence (+S) or absence (-S) of a metabolic activation system.  

The bacteria were treated with 185, 556, 1,667, 5,000, and 10,000 g Actiponin/plate with negative and positive 

controls. Triplicate plates were used for each dose. Increased numbers of revertant colonies at the highest dose of 
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Actiponin in TA98 (+S) and TA1537 (+S) were observed in the first experiment, but no increase was observed in the 

other strains. A second experiment was done with the TA98 and TA1537 tester strains at the same dose ranges to 

confirm the results of the first experiment. Increased numbers of ofrevertant colonies were again observed in TA98 

(+S/-S) treated with the highest doses. Colonies from the highest dose treatment were streaked onto the biotin plates to 

confirm that they were true revertants. As result, true revertants were increased to 1.6- (+S) and 1.3-fold (-S) at the 

highest doses. Thus, the increases were not attributed to reverse mutation. In the positive control groups, the number of 

revertants clearly increased compared to the negative control.It was concluded that Actiponin did not induce reverse 

mutation in the tester strains. 

 

Micronucleus test of Actiponin in bone marrow cells of male ICR mice 

A micronucleus test of Actiponin was conducted using specific-pathogen-free (SPF) 8-week-oldmale ICR mice. 

Actiponin (0, 1,250, 2,500 and 5,000 mg/kg)was administered via oral gavage daily for 2 consecutive days. Six animals 

were assigned to each treatment group. All animals were sacrificed about 24 h after the second administration and bone 

marrow preparations were made. Micronucleated polychromatic erythrocytes (MNPCEs) were counted among 2,000 

polychromatic erythrocytes(PCEs) per animal. 

Actiponin did not significantly increase the frequency of MNPCEs at any dose compared to the vehicle control 

group. No significant difference was observed in the ratio of PCEs to total erythrocytes (PCE/PCE+NCE) with any dose 

of Actiponin compared to the vehicle control.These findings demonstrate that Actiponin is not capable of inducing 

micronuclei formation. 
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Supplementary Fig. 1. Oral treatment with Actiponin increased AMPK and

ACC phosphorylation in the soleus muscle and liver of mice. C57BL/6 male

mice were treated with saline or Actiponin (300 mg/kg) for 9 days, and

AMPK and ACC phosphorylation in the soleus muscle (60 g protein) and

liver tissues (80 g protein) were analyzed by Western blot analyses
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