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Abstract:  In the present study, we investigated a saponin-enriched fraction from Gynostemma pentaphyllum 

extract (GPE) and isolated gypenoside L (GL), gypenoside LI (GLI), and ginsenoside Rg3 (Rg3). To explore the 

anti-obesity activities of these compounds, we investigated the effects of GL, GLI, and Rg3 on glucose uptake and 

activation of AMPK in L6 skeletal muscle cells. GPE, GL, GLI, and Rg3 markedly increased glucose uptake 

activity and GLUT4 gene expression in L6 myotubes. The enhanced glucose uptake was mediated by the 

activation of the AMPK-ACC signaling pathway. In addition, we observed that GPE, GL, GLI, and Rg3 increased 

the expression of SIRT1 and PPARγ coacvtivator-1α (PGC-1α). Our results suggest the potential use of 

Gynostemma pentaphyllum in developing a therapeutic agent to reduce body weight and prevent diet-related 

diseases via glucose uptake and AMPK activation. 
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1. Introduction 

Obesity, characterized by excessive body fat accumulation, arises from an imbalance between an 

individuals’ energy intake and consumption, causing excess calories to accumulate as lipids in the 

adipose tissue, muscles, and the liver [1]. Obesity is a risk factor for the development of type 2 diabetes, 

insulin resistance, hyperlipidemia, hypertension, cardiovascular disease, several types of cancer, and 

other chronic diseases [2,3]. In order to combat this growing public health problem, consumption of 

food with active anti-obesity constituents is an important strategy [4]. 

Gynostemma pentaphyllum (Thunb.) Makino (Cucurbitaceae) has been reported to have anti-

obesity and anti-diabetic properties, and has been consumed as a tea, in beverages, and in folk medicine 

for many years. Some pharmaceutical bioactivities found in saponin-rich plants are reported to be 

enhanced by hydrolysis of saponin glycoside. Hydrolysis occurs during leaves processing methods of 

raw material such as air-drying, steaming, or parching, and leads to the structural conversion of 
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ginsenosides or gypenosides [5,6], resulting in changes to saponin composition. Previous studies 

demonstrated that hydrolysis by heat processing changes several saponins of G. pentaphyllum to the 

gypenoside stereoisomers gypenoside L (GL) and gypenoside LI (GLI) [7]. The levels of two 

dammarane-type saponins were increased by heating and process time when compared to levels in the 

raw plant. Saponin glucosides (GL and GLI) in G. pentaphyllum are produced from the high-saponin 

glucosides (gypenoside XLVI and LVI) due to loss of a glycosyl moiety during the heating process [8]. 

Many studies have aimed to convert major compounds to the more active minor compounds with 

methods such as heating, acid treatment, or enzymatic conversion. However, the case of acid treatment 

process could degrade active minor ginsenosides or gypenosides by randomly hydrolyzing all glycosidic 

bonds. More researches have been focusing on the heating process of minor ginsenoside or gypenosides. 

Nevertheless, low abundant minor ginsenoside and gypenosides are difficult to obtain because of lower 

concentration of their natural abundance in raw plants [9].  

Earlier investigations of the major phytochemical constituents were established that G. 

pentaphyllum contains dammarane-type glycosides, which are saponins containing one to four 

saccharides combined with a dammarane backbone [10]. They include protopanaxadiol-type 

ginsenosides (ginsenosides Rb1, Rg3, and F2) previously isolated from Panax ginseng (Araliaceae) 

[11,12]. The major bioactive constituents of G. pentaphyllum are regarded to be gypenosides, which are 

reported to possess a variety of beneficial biological activities including tumor-suppressive [13], 

immunomodulatory [14], cholesterol-lowering [15], antioxidant [16], and hypoglycemic effects [17].  

GLUT4 is a principal glucose transporter that is stimulated by either insulin or muscle contraction. 

The primary role of 5′-adenosine monophosphate-activated protein kinase (AMPK) is to regulate this 

process, taking part in the activation of glucose uptake through GLUT4 translocation, which modifies 

glucose levels and controls metabolism [18,19]. AMPK is a serine/threonine kinase that consists of three 

subunits: a catalytic (α) and two regulatory (β and γ) subunits [18,20-2]. In a situation of diminished 

intracellular ATP levels, AMPK activates central energy metabolism processes such as fatty acid 

oxidation, mitochondrial biogenesis, glucose uptake, glycolysis, lipogenesis, and protein synthesis 

[23,24]. Inactivation of acetyl-CoA carboxylase (ACC) by AMPK results in a decline in malonyl-CoA 

content. Moreover, inactivation of ACC results in a decrease in fatty acid synthesis and an increase in 

fatty acid oxidation [1]. AMPK activates NAD-dependent protein deacetylase sirtuin 1 (SIRT-1) and 

increases peroxisome proliferator activated receptor γ (PPARγ) coactivator-1α (PGC-1α) expression in 

the nucleus. AMPK also affects the downstream activation of mitochondrial biogenesis and modulates 

the metabolic genes involved in both glucose metabolism and fatty acid oxidation. Previous studies 

demonstrated that the dammarane-type glucoside gypensapogenin from G. pentaphyllum enhanced 2-

NBDG uptake and glucose transporter 4 (GLUT4) translocation via activation of the AMPK-ACC 

signaling pathway [10]. Augmenting the translocation and expression of GLUT4 is a promising 

therapeutic strategy against obesity.  

However, the exact mechanism underlying GLUT4 translocation and the activation of AMPK 

signaling effects for GL and GLI from G. pentaphyllum remains unclear. The Rg3 in P. ginseng has 

been found to improve insulin signaling and glucose uptake primarily by the expression of insulin 

receptor substrate-1 (IRS-1) and GLUT4 in L6 myotubes [25] but Rg3 isolated from G. pentaphyllum 

has not yet been investigated. 

Thus, we hypothesized GPE activates AMPK signaling and regulates glucose uptake and metabolic 

genes expression. Herein, we have studied using a G. pentaphyllum extract (GPE) by a newly patented 

extraction method for increasing effective saponin compounds. In addition, we identified major 

compounds GL, GLI and Rg3, three saponins isolated from GPE (Supporting information Figure S1). 

We then examined a search for bioactive gypenosides with anti-obesity effects, phytochemically 

investigated GPE, GL, GLI, and Rg3. 

 

2. Materials and Methods 

2.1. Materials and Reagents 

 

The materials used in this study were purchased from the indicated suppliers: High-performance 

liquid chromatography (HPLC)-grade acetonitrile and metformin from Sigma-Aldrich Co. (St. Louis, 
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MO, USA); Dulbecco’s modified Eagle’s medium (DMEM) and other cell culture reagents from 

Welgene (Daegu, Korea); Glucose uptake assay kit from Biovision Inc. (Milpitas, CA, USA); 

Antibodies against AMPK, p-AMPK, ACC, p-ACC, and β-actin from Cell Signaling Technology 

(Beverly, MA, USA); GLUT4 antibody from Santa Cruz Biotechnology Inc. (Santa Cruz, CA, USA); 

BCA protein assay kit and Trizol reagent from Thermo Scientific (Rochford, IL, USA); ImmobilonTM 

Western Chemiluminescent HRP Substrate from Millipore Corporation (Billerica, MA, USA); Rotor-

GeneTM SYBR Green kit from Qiagen (Hilden, Germany).   

 

2.2. Isolation and Purification of GL, GLI, and Rg3 from GPE 

 

GPE (Lot number. BGPL170518) and highly purified (> 98%) saponin standards GL, GLI, and 

Rg3 were prepared by BTC Corporation (Ansan, Korea). Leaves of G. pentaphyllum were parched 

using an electric-heat-controller and dried. Extracts were prepared from the leaves of G. pentaphyllum 

(10 kg) with hot-water (20 L) and 50% EtOH (15 L) aqueous solution using a newly patented method 

(Patent No: KR101969062; “Preparation method of Gynostemma Pentaphyllum leaves extract for 

increasing small molecular effective saponin contents, and decreasing benzopyrene, and Gynostemma 

pentaphyllum extract using thereof”). The two resultant supernatants were collected and combined, and 

then filtered. The filtrate was vacuum-evaporated to obtain GPE. Quantification of GL, GLI, and Rg3 

was performed by high-performance liquid chromatography (HPLC) analysis. GPE was dissolved in 3% 

dimethylsulfoxide and used for the bioactivity assays.  

GPE powder (100 g) was suspended in H2O (1 L) and successively partitioned with n-hexane (1 L 

× 3), EtOAc (1 L × 3), and BuOH (1 L × 3). The BuOH fraction was subjected to HP-20 ion exchange 

resin column chromatography (50 × 20 cm) and eluted by sequential elution by increasing MeOH levels 

in H2O. The MeOH fraction was obtained and evaporated, then passed through a silica gel column F60 

(65 × 15 cm) with a gradient solvent system of CH2Cl2-MeOH-H2O (from 5:1:0 to 0:5:0.1 v/v/v) to yield 

seven sub-fractions (GPE 11 ~ GPE 20). Finally, sub-fraction GPE 15 was subjected to a semi-

preparative HPLC column (SHIM-pack PREP-ODS(L) 250×50 mm) and eluted with 47% acetonitrile in 

water at a flow rate of 5 mL/min to produce compounds 1, 2, and 3. The structures of the compounds 

were characterized by 1H-NMR,13C-NMR, and LC-MS as GL, GLI, and Rg3 spectra (S1). NMR data 

were consistent with that of the reference [5, 26], and the compounds were eventually identified as GL, 

GLI, and Rg3 (Figure 1). The detailed spectral data are provided in the Supporting Information of this 

article.  

 

2.3. Cell Culture and Treatment 

 

L6 skeletal muscle cells were purchased from the Korean Cell Line Bank (Seoul, Korea). L6 cells 

were cultured in DMEM containing 100 mL/L Fetal Bovine Serum (FBS) with 100,000 U/L penicillin 

and 100 mg/L streptomycin at 37 ℃ in a humidified atmosphere comprising 5% CO2 and 95% air. 

Myotube differentiation was induced by utilizing L6 cells that were incubated in DMEM supplemented 

with 20 mL/L FBS for four days. The effects of GPE, GL, GLI, and Rg3 on AMPK activation were 

determined with cells plated in 100 mm dishes at 1 × 105 cells/dish in DMEM containing 100 mL/L 

FBS. Twenty-four hours after plating, the cells were either treated with the indicated concentrations of 

GPE, GL, GLI, or Rg3 for 2 h, or metformin (positive control) for 1 h. The effects of GPE, GL, GLI, 

and Rg3 on GLUT4 expression and translocation were determined with cells plated in 100 mm dishes at 

1 × 105 cells/dish in DMEM containing 100 mL/L FBS. Twenty-four hours after this plating, cells were 

serum-deprived with DMEM and supplemented with 20 mL/L FBS for 4 days to induce myotube 

differentiation. Following differentiation induction, cells were treated with the indicated concentrations 

of GL, GLI, Rg3, GPE, or metformin for 4 h. Cells were then harvested and lysed for all experiments.  

 

2.4. Measurement of Glucose Uptake  

 

L6 cells were seeded into 96-well culture plates at a density of 1 × 104 cells/well and incubated for 

24 h. The cells were then cultured in DMEM containing 20 mL/L FBS for 4 days to determine further 

differentiation. Next, the cells were treated with GL, GLI, Rg3, GPE (2 h), 100 nM insulin (1 h), or 
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vehicle control. Glucose uptake was estimated using a glucose uptake colorimetric assay kit (Biovision) 

according to the manufacturer’s instructions. Independent experiments were conducted, comparing the 

control group (Con), insulin group (I), and added treatment groups (GPE, GL, GLI, and Rg3).  

 

2.5. Western Blotting 

 

Cells were treated with the indicated concentration of GPE, GL, GLI, Rg3, or metformin as 

described above. The cells were then lysed using the PRO-PREPTM protein extraction solution (iNtRON 

Biotechnology, Inc., Seongnam, Korea) according to the manufacturer’s instructions. The protein 

contents of the cell lysates were measured using a BCA protein assay kit (Thermo Scientific, Rochford, 

IL, USA). Equal amounts of protein were separated by 10% (v/v) SDS-PAGE and transferred onto 

PVDF membranes. These membranes were then incubated overnight at 4 ℃ with primary antibodies for 

GLUT4, IR, p-AMPK (Thr172), AMPKα, p-ACC (Ser79), ACC, or β-actin and were then continually 

incubated with corresponding horseradish peroxidase-conjugated secondary antibodies for 2 h. 

Immunoreactive bands were visualized using ImmobilonTM Western Chemiluminescent HRP Substrate 

(Millipore). The intensity of the protein bands was analyzed using an Image Quant LAS 500 imaging 

system (GE Healthcare Bio-Sciences AB, Uppsala, Sweden).  

 

2.6. Real-time RT-PCR 

 

Expression of SIRT1 and PGC-1α were analyzed using Real time PCR. Total RNA was extracted 

using Trizol Reagent (Thermo Fisher Scientific). The content and purity of the total RNA were 

estimated using a micro-volume spectrophotometer (BioSpec-nano, Shimadzu, Kyoto, Japan). Total 

RNA was reverse-transcribed to single-strand cDNA using a 1st strand cDNA kit (Tech & Innovation, 

Chuncheon, Korea). All quantitative real-time PCR reaction were performed using a Rotor-gene 3000 

PCR machine (Corbett Research, Mortlake, NSW, Australia) and the amplifications were done using the 

Rotor-GeneTM SYBR Green kit (Qiagen). The sequences of the primers used in this study are shown in 

Table 1.  The PCR amplification of thermal cycling conditions were composed of 94 °C for 3 min, 40 

cycles at 95 °C for 10 s, 60 °C for 15 s, and 72 °C for 20 s. Results were analyzed with a Rotor-Gene 

6000 Series system software program, version 6 (Corbett Research). The expression levels of genes 

were normalized to those of glyceraldehyde 3-phosphate dehydrogenase (GAPDH). 

 

Table 1. Gene-specific primers used for real-time PCR analysis 

Primer Type Sequence (5′ - 3′) 

SIRT1 
Forward 

Reverse 

CAGTGTCATGGTTCCTTTGC 

CACCGAGGAACTACCTGAT 

PGC-1α 
Forward 

Reverse 

ATCTACTGCCTGGGGACCTT 

ATGTGTCGCCTTCTTGCTCT 

GAPDH 
Forward 

Reverse 

CATCAAGAAGGTGGTGAAGCAGG 

CCACCACCCTGTTGCTGTAGCCA 

 

 

 2.7. Statistical Analysis 

 

Data were presented as mean ± standard error of mean (SEM) of at least three independent 

experiments. All statistical analyses were performed using SPSS and GraphPad Prism 4.0 (GraphPad 

Software Inc., La Jolla, CA, USA). Differences between groups were considered significant at p< 0.05 

by Student’s t-test or one-way analysis of variance (ANOVA).  
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3.  Results and Discussion 

 
3.1. Identification of Compounds Isolated from GPE  

 

GPE was isolated using a novel patented extraction method, which increased the concentration of 

GL, GLI, and Rg3. This newly developed method was subsequently applied to the simultaneous 

determination of three major compounds and included GPE:GL [26], GLI [26], and Rg3 [5]. Based 

upon reported MS and NMR data as well as other physical properties, these compounds were 

successfully isolated from GPE with purities above 98%. The detailed spectral data are provided in the 

Supporting Information of this article. The known structures of GL, GLI, and Rg3 are shown in Figure 1.  

 These three compounds have similar molecular formulas with minor differences in the glucose 

position. Concentrations of GL, GLI, and Rg3 found in the GPE used in this study were measured by 

HPLC analysis. Table 2 indicates that 1.8± 0.011% of GL, 1.4± 0.009% of GLI, and 0.14 ± 0.003% of 

Rg3 were present in GPE. Based on these values and the molecular weights of GL (MW: 801.01 g/mol), 

GLI (MW: 801.01 g/mol), and Rg3 (MW: 785.025 g/mol), we calculated the corresponding 

concentrations and found 0.449 μmol/L GL, 0.35 μmol/L GLI, and 0.038 μmol/L Rg3 in the media 

containing 20 μg/mL of GPE (Table 2). However, the concentrations of GL, GLI, and Rg3 in GPE 

might depend on extraction and storage methods. High concentrations of the GL, GLI, and Rg3 

treatments were used to evaluate dose-response and efficiency based on the cell viability results. An 

MTT assay showed no cytotoxic effects from the ingredients of the GPE or its ingredients in 

differentiated L6 cells at different concentrations (data not shown).  

 

Table 2. Concentrations of effective components GL, GLI, Rg3 in GPE from Gynostemma pentaphyllum. 

Compound 
Concentration 

(g/mg in GPE) 

Concentration in 

20 g/mL of GPE 

(mol/L) 

Linear  

regression 
r a LOD b LOQ c 

1, GL 1.800  0.011 0.449  0.002 y=3.373x-0.183 0.999 0.726 2.201 

2, GLI 1.400  0.009 0.350  0.002 y=3.150x-7.523 0.999 0.941 2.850 

3, Rg3 0.150  0.003 0.038  0.001 y=3.134x-0.422 0.999 1.130 3.430 

a Correlation coefficients of the regression equation. b LOD = limit of detection. c LOQ = limit of 

quantification. 

 

 

 
 

Figure 1. Chemical structures of  compound 1 (GL), 2 (GLI), and 3 (Rg3) isolated from Gynostemma 

pentaphyllum 
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3.2. Stimulation of Glucose Uptake in L6 Muscle Cells 

 

We next aimed to assess the effects of each of the gypenosides found in GPE (GL, GLI, and Rg3) 

on the efficiency of glucose uptake. This efficiency was determined via evaluation of the effects of GPE 

on the glucose uptake in cultured muscle cells, L6 cells were then differentiated into myotubes and 

incubated with 100 nM insulin or different concentrations of GL, GLI, Rg3, or GPE for 2 h. GPE 

administration resulted in a dose-dependent increase in glucose uptake. Compared with that of the 

control group, a significantly increased response was observed with 20 and 50 μg/mL of GPE. 

Importantly, the response of these cells to 50 μg/mL of GPE was higher than that of 100 nM insulin. 

The effects of GL, GLI, and Rg3 on glucose uptake in the L6 cells was investigated. GL and GLI were 

found to markedly increase glucose uptake in L6 cells (Figure 2). Notably, the response of these cells to 

20 μM GL was comparable to that to 50 μM GL. Further, exposure to different concentrations of GLI 

resulted in a dose-dependent increase in glucose uptake. Moreover, the responses to 20 and 50 μM Rg3 

were increased compared to those to 100 nM insulin. These results indicated that GL, GLI, Rg3, and 

GPE all increased glucose uptake activity in L6 myotubes.  

 

 
Figure 2. Effect of GPE, GL, GLI, and Rg3 on glucose uptake in L6 cells. 

The differentiated L6 cells were treated with the indicated concentrations of GPE, GL, GLI, and Rg3, 100 nM 

insulin (I), and 2 mM metformin (M). Values are expressed as mean ± SEM (n = 4). * P < 0.05, ** P < 0.01, *** P < 

0.01 indicate a significant difference from non-treated cells (control) 

 

 

3.3. Increased Expression of GLUT4 in L6 Cells 

 

We then attempted to determine the effect of the gypenosides from GPE on GLUT4 expression via 

western blot analysis. GLUT4 protein expression significantly increased in a dose-dependent manner 

following treatment of the L6 cells with different concentrations of GPE, GL, GLI, or Rg3 (Figure 3A 

and 3B). These results suggested that GLUT4 translocation may be responsible for GPE-induced 

glucose uptake. GPE and its ingredients increased GLUT4 translocation to the plasma membrane, and 

also promoted the expression of GLUT4 in L6 cells. 
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Figure 3. Effect of GPE, GL, GLI, and Rg3 on GLUT4 expression in L6 cells 

The differentiated L6 cells were treated with the indicated concentration of GPE, GL, GLI, Rg3, and metformin 

(Met). The expression of GLUT4 in cell was analyzed via Western blotting with the indicated antibodies. (A) 

Photographs of chemiluminescent detection of the blots, which are representative of three independent 

experiments, are shown. (B) The relative abundance of each band to its own -actin was quantified, and the 

control levels were set at 1. Values are expressed as the adjusted mean  SEM (n = 3). * P < 0.05, ** P < 0.01, *** P 

< 0.01 indicate a significant difference from non-treated cells (control). 

 

 

3.4. Promotion of AMPK Expression and ACC Phosphorylation/Activation in L6 Cells 

 

GLUT4 is triggered through the AMPK signaling pathway and could be activated by anti-diabetic 

compounds. The mechanism underlying GPE-induced glucose uptake was determined via the observed 

effects of GL, GLI, Rg3, GPE, and metformin on AMPK phosphorylation/activation. Treatment with 

GPE resulted in an increase in the AMPK phosphorylation ratio that was comparable to the effect of 

metformin (Figure 4A and B). AMPK phosphorylation significantly increased in a dose-dependent 

manner after treatment with GL and Rg3. However, no significant activity was observed in response to 

20 μg/mL GPE. 

In addition, we examined phosphorylation of ACC, downstream effector of AMPK. AMPK 

phosphorylated ACC at Ser-79 and inhibited further activity. ACC catabolized the carboxylation of 

acetyl CoA to malonyl-CoA, which played a key role in fatty acid synthesis and β-oxidation of long 

chain fatty acids. GL, GLI, and Rg3 all increased the phosphorylation ratio of ACC. GL and GLI 

showed significant effects; while, Rg3 showed no significant difference. Treatment with GPE resulted 

in a significant increase in the phosphorylation of ACC, which was higher than that induced by 

metformin, or the GPE ingredients individually (Figure 4A and C). Thus, GL, GLI, and Rg3 might have 

acted synergistically in the activation of ACC.  
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Figure 4. Effect of GPE, GL, GLI, and Rg3 on AMPK and ACC phosphorylation in L6 cells 

L6 cells were treated with the indicated concentrations of GPE, GL, GLI, Rg3, and metformin (Met). The 

phosphorylation of AMPK and ACC were analyzed via western blotting with the indicated antibodies. (A) 

Photographs of chemiluminescent detection of the blots, which are representative of three independent 

experiments, are shown. (B) The relative fold change in the intensity of the phosphorylated protein to total protein 

bands was quantified, and the control levels were set at 1. Values are expressed as the adjusted mean  SEM (n = 

3). * P < 0.05, ** P < 0.01, *** P < 0.01 indicate a significant difference from non-treated cells (control). 

 

 

3.5. Increased AMPK-dependent Gene Expression 

 

In order to determine whether GPE influenced lipid and glucose metabolism through AMPK-

dependent gene expression, mRNA expression of SIRT1 and PGC-1α was investigated with real-time 

PCR. The expression level of SIRT1 following treatment with 20 μg/mL GPE was similar to that in cells 

treated with metformin and higher than that by treatment with 50 μg/mL GPE (Figure 5). On the other 

hand, the compounds GL, GLI, and Rg3 dose-dependently increased mRNA levels of SIRT1 in L6 cells. 

However, no significant activity was observed in response to the GL treatment. These results suggested 

that GL, GLI, Rg3, and GPE regulate glucose homeostasis and energy metabolism via enhanced SIRT1 

expression. PGC-1α, which is a major regulator of mitochondrial biogenesis was also evaluated. Our 
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results found significant increases in the activation of PGC-1α following treatment with GL, GLI, Rg3, 

and GPE. Moreover, expression of PGC-1α was increased following treatment with GPE at a lower 

dose, by approximately 4.95-fold compared to that of the control. 

 

 
Figure 5. Effect of GPE, GL, GLI, and Rg3 on SIRT1 and PGC-1 mRNA expression in L6 cells 

L6 cells were treated with the indicated concentrations of GPE, GL, GLI, Rg3, and metformin (Met). Total RNA 

was isolated and real-time RT-PCR for SIRT1 and PGC-1 was performed. Values are expressed as mean  SEM 

(n = 3). * P < 0.05, ** P < 0.01, *** P < 0.01 indicate a significant difference from non-treated cells (control). 

  

In recent decades, obesity has become a serious global public health concern. Increased body fat is 

due to an imbalance between energy intake and consumption. It is also associated with various diseases 

including hyperlipidemia, diabetes, and fatty liver. However, the use of anti-obesity drugs such as 

orlistat and sibutramine are reported to cause serious side effects. Consequently, the use of herbal 

medicines to treat obesity has become the subject of increased attention due to their natural origin, cost 

effectiveness, and minimal side effects [27, 28]. Low bioavailability has been a concern, because it can 

limit or even hinder the therapeutic effectiveness of herbal remedies. Thus, poor bioavailability remains 

the major challenge in developing clinically useful functional food and medicines. A successful therapy 

requires an appropriate extraction method yielding high contents of effective compounds that could 

enhance their bioavailability and offer greater efficacy. 

G. pentaphyllum, known as “Southern ginseng” is a popular herbal medicine that has traditionally 

been used throughout centuries for its nutritional and medicinal properties. A research study by Yun et 

al. has demonstrated that gypenosides could be utilized to promote weight loss as it regulated fat 

metabolism without causing side effects, such as diarrhea or altered appetite [29]. Other studies have 

found that G. pentaphyllum extract acted against various diseases and possessed hypoglycemic [13], 

immunomodulating [14], cholesterol-lowering [15], antioxidant [16], and other activities. The 

dammarane saponins isolated from G. pentaphyllum, specifically gypenosides, have served as 
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economically important raw materials for the food and pharmaceutical industries. We obtained GPE by 

our newly patented extraction technique, which increased the concentrations of GL, GLI, and Rg3. This 

extraction process was developed to increase the yield of bioactive compounds from G. pentaphyllum. 

Following the process, we found that GPE consists of 1.8 ± 0.011% GL, 1.4 ± 0.009% GLI, and 0.14 ± 

0.003% Rg3. These compounds usually contain much lower proportions in the raw plants. 

Glucose uptake into the peripheral adipose tissues and skeletal muscle required insulin, which 

stimulated fat and muscle cells to take up excess circulating glucose. Thus, the insulin stimulated  

translocation of GLUT4 storage vesicles (GSV) from the intracellular storage pools to the plasma 

membrane (PM). Upon deposition of the GLUT4 protein on the PM, glucose uptake was increased by 

10- to 20-fold [30-32]. Thus, enhancing translocation and expression of GLUT4 might be a promising 

anti-obesity strategy. Zhao et al.[33] reported that dandelion chloroform extract (DCE) induced 

increased glucose uptake by L6 cells, and also significantly enhanced insulin-responsive aminopeptidase 

(IRAP) and GLUT4 expression of the cell membrane. These data suggest that DCE promoted GLUT4 

translocation to the plasma membrane. Oh and Yang et al. reported that triterpenes from G. 

pentaphyllum significantly stimulated GLUT4 translocation to the plasma membrane, but also up-

regulated phosphorylation of AMPK and ACC in 3T3-L1 adipocytes [6]. Other dammarane-type 

triterpenes isolated from Gynostemma longipes, which included secolongipegenins S1 and S2, were 

reported to increase glucose uptake and GLUT4 translocation to the cytoplasmic membrane within L6 

myotube cells [34]. In the present study, treatment of the cells with GL, GLI, Rg3, and GPE stimulated 

glucose uptake and GLUT4 translocation within the plasma membrane of the L6 myotubes (Figure 2 

and 3). On the other hand, the effects of the anti-diabetic drug metformin on muscle glucose uptake 

were more prolonged than those of insulin. In the present study (based on the data obtained from other 

studies) we exposed cells to metformin for a minimum of 1 h as a control [38]. Moreover, previous 

studies have linked insulin and metformin, and our data supported this; thereby, it was assumed that the 

increase in glucose uptake observed following treatments was due to GLUT translocation. We therefore 

measured GLUT4 levels in cell lysates and documented the increased responses to treatment. These 

results further supported the hypothesis that GL, GLI, Rg3, and GPE impart beneficial effects to both 

glucose uptake and energy metabolism. 

AMPK is an energy regulator and metabolic switch that phosphorylates key targeted proteins 

involved in lipid metabolism, fatty acid oxidation, and glucose uptake. The underlying mechanism for 

stimulation of glucose uptake was evaluated by the effects of GPE and isolated compounds on AMPK 

activation. The effect of GPE and the other isolated compounds on the phosphorylation of AMPK and 

ACC was significantly increased by utilizing differentiated L6 cells. These results suggested that the 

isolated compounds GL, GLI, Rg3, and GPE enhanced glucose uptake by regulating the AMPK 

signaling pathway. Several studies have reported changes in mitochondrial function and mass, damaged 

oxidative capacity, and altered expression of PGC-1α in the skeletal muscle of insulin-resistant 

individuals. Transcription factors involved in this pathway included nuclear respiratory factors (NRF-

1/NRF-2), mitochondrial transcription factor A (Tfam), and PGC-1α. An accompanying increase in 

mitochondrial biogenesis involved activation of calcium/calmodulin-dependent protein kinase (CaMK), 

p38 mitogen-activated protein kinase [35, 36], AMPK [37], as well as phosphorylation of PGC-1α at 

Thr177 and Ser538. The activity of PGC-1α was influenced by AMPK [38], p38 MAPK [35, 36], and 

protein kinase B (PKB) [39],which modified stability and activity [40]. PGC-1α deacetylation has 

already been demonstrated to occur via SIRT1 in vitro as well as in vivo [41, 41]. In addition, the 

interactions between the deacetylation of PGC-1α by SIRT1 and AMPK have been investigated in detail 

by other research [42]. Furthermore, exercise is involved with increased PGC-1α expression in the 

muscle, heart, and adipose tissues [36, 43]. Thus, endurance training might determine whether the 

CaMK or AMPK pathway is primarily activated [44]. In the present study, treatment with GL, GLI, Rg3, 

and GPE stimulated mRNA expression of SIRT1 and PGC-1α. Further, the effective gypenosides (GL, 

GLI, and Rg3) in conjunction with GPE significantly enhanced glucose uptake and GLUT4 levels and 

activated AMPK. This study thereby indicated the potential of GL, GLI, Rg3, and GPE as candidates for 

use as an anti-obesity treatment. 

Overall, our study shows that GPE from G. pentaphyllum, and its three isolated compounds GL, 

GLI, and Rg3, stimulate glucose uptake via a mechanism involved with the AMPK signaling pathway 

within L6 myotubes. Our results provide new information related to the anti-obesity activities of GPE, 
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GL, GLI, and Rg3, and highlight their potential uses as therapeutic agents for mediating metabolic 

disorders. Finally, we suggest that our results justify the use of a diet-induced animal model of obesity 

to further define the therapeutic role of GPE, GL, GLI, and Rg3 in vivo.  
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