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Introduction
Panax ginseng is a well-known medicinal herb commonly used 

worldwide for many years, which has been used medicinally for several 
millennia and is currently one of the most widely consumed herbal 
products all over the world. It has been applied to treat many disorders, 
such as debility, aging, stress, diabetes, insomnia and sexual inadequacy. 
The pharmacologically active components of ginseng are ginsenosides 
which have demonstrated various biological activities, including 
anti-inflammatory and anti-tumor effects and so on. Ginsenosides 
with a dammarane skeleton are classified into two categories: 20(S)-
protopanaxadiol (ppd) and 20(S)-protopanaxatriol(ppt) compounds, 
has been regarded as the major active component of P. ginseng C.A. 
Meyer [1]. Ginsenoside Rg3, a minor ginsenoside from the panax 
ginseng, is ppd type compound which is an active component in Red 
Ginseng. Two new conversation ginsenosides having cyclic ether 
were isolated from dehydration products of 20(S)-ginsenoside Rg3, 
which confirmed the existence from red ginseng extract by liquid 
chromatography [2]. Developed as a promising new anti-cancer agent, 
ginsenoside Rg3 has a good chance to be used as the major active 
component in a Category-Ⅰdrug of anti-tumor and anti-cancer in 
China. 

Pharmacological Activities
Ginsenoside Rg3 has been proposed to be used as a chemotherapeutic 

agent. Recent reports have demonstrated ginsenoside Rg3 has anti-
cancer and various pharmacological effects [3]. Ginsenoside Rg3 
can suppress some kinds of tumor from growing, induces tumor cell 
apoptosis, selectively inhibits tumor cell adhesion and invasion, resists 
tumor metastasis and then regulates the immune function.

Anti-tumor and anti-cancer effects

Lung cancer: Chen et al. [4] used the method of in vitro cell culture, 
drug interferences and gene chip to observe Rg3 on relevant expressed 
genes for the different signal transduction of human lung cancer cell 
lines A594, which indicated Rg3 had a significance effect on the signal 
transduction of human lung cancer cell lines A594, then the effect of 
Rg3 is multi-target on genes to human lung cancer cell lines A594 
rather than on one certain gene. The clinical observation hold that the 

treatment of Rg3 to lung cancer mixed with chemotherapy is more 
effective and significantly higher than chemotherapy alone. Liu et al. 
[5] studied that the combination of low-dose chemotherapy and anti-
angiogenic inhibitors suppress growth of experimental tumors more 
efficiently than conventional therapy or anti-angiogenic agent alone. 
This may be an innovative and promising therapeutic strategy in the 
experimental treatment of human lung cancer. Sun et al. [6] reported 
that the Shenyi capsule (ginsenoside Rg3 capsule) had significantly 
inhibitory effect on B16-4A5 cell growth and induced the apoptosis.

Colon cancer: A certain concentration of Rg3 or tumor relevant 
apoptosis-inducing ligand(TRA IL) can effectively inhibit the growth 
of colon cancer cell lines HCE8693,but the former effect is slightly 
weaker and more dependent than the latter, when the two combine 
with each other, the inhibition and apoptosis to HCE8693,the effect 
was highly increased compared with the individual factors and had 
obvious synergistic effects. A research about the proteomic analysis 
of the anti-cancer effect of 20(S)-ginsenoside Rg3 in human colon 
cancer cell lines was studied for 20(S)-ginsenoside Rg3 can increase the 
anti-proliferative effects of chemotherapy [3]. The mechanism of the 
anti-proliferative effect of 20(S)-ginsenoside Rg3 at the protein level in 
HT-29 colon cancer cells was investigated using two-dimensional gel 
electrophoresis and MALDI-TOF/TOF MS, and also a database was 
used to identify protein changes in 20(S)-ginsenoside Rg3 treated HT-
29 cells. The cytotoxicity of 20(S)-ginsenoside Rg3 in colon cancer is 
dependent on several mechanisms including apoptosis. Kim et al. [7] 
examined the susceptibility of colon cancer cells treated with Rg3 and 
the results indicated that ginsenoside Rg3 could induce activation of 
NF-κB and enhance the susceptibility of colon cancer cells and it could 
be useful as an anti-cancer agent.  
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Abstract
More than 40 kinds of ginsenosides have already been isolated from white or red ginseng. Recent years, a great 

interest has been focused on the effects of a single ginsenoside, ginsenoside Rg3, which is a minor ginsenoside 
in panax ginseng and is reported showing various medicinal effects. Ginsenoside Rg3 is now one of the most 
popular research projects of the world, and it provides a good material to overcome cancer. According to the reports 
of literature, this article summarized the origin, characterization, pharmacological activities, metabolism and the 
pharmacokinetic studies of ginsenoside Rg3. The brief summary on the progress of the research will provide the 
basis for the further development and utilization.
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Ovarian cancer: Xu et al. [8] investigated the synergism of 
ginsenoside Rg3 and cyclophosphamide(CTX) on growth and 
angiogenesis of human ovarian cancer [8]. They found that life quality, 
the number of living days and average tumor weights of each treated 
group of mice were more impressive than control. When used alone 
or combined with CTX ginsenoside Rg3 significantly inhibited the 
growth and angiogenesis of ovarian cancer. Ginsenoside Rg3 and 
CTX combined with enhanced the anti-tumor effect each other and 
improved the life quality and survival time of mice with tumor,which 
implied the positive interaction between the ginsenoside Rg3 and CTX. 

Anti-virus effects

Li et al. [9] discovered that the concentration of Rg3 varied from 
0.125~4.000μg·ml-1 could inhibit herpes simplex virus (HSV-1) in 
different ways and have weak effects on other viruses by observing the 
anti-virus activity of Rg3 [9]. Chang et al. [10] had also proved that Rg3 
has the effect of anti-HSV-1 in vitro experiments.  

Interference in chronic obstructive pulmonary disease 
(COPD) 

Li et al. [11] observed that the capsule of Rg3 had effects on serum 
immunoglobulin and cytokines of patients. Then they used case-control 
and multivariate study. Ginsenoside Rg3 capsule has active effects on 
enhancing the immune systerm of COPD patients and provides the 
basis for the drug treatments for COPD and rehabilitation interference. 

Qian et al. [12] hold the idea that getting the metabolism data of 
Rg3 is of great importance to understand pharmacological activities of 
the anti-tumor component and they proved the ginsenoside has a very 
a short half-life in vivo. They believe that the metabolism of ginsenoside 
Rg3 could play an important part in the antitumor activity, and the 
ptotopanaxadiol obtained in ginseng extract could inhibit Helicobacter 
Pylori growth, but protopanaxdiol can not be transformed from 
ginsenoside Rg3 in the stomach.

Other effects

Ginsenoside Rg3 is known for its protective effect against 
hyperglycemia, obesity and diabetes in vivo. Fatigue is a complex 
physiological and biochemical progress. Similarly, immunity systerm 
is also a complex preventive mechanism for the body. Cheng et al. [13] 
summarized the various anti-fatigue effects and the improvement on 
immunity of the ginsenoside Rg3 in detail.It cans easily enhance the 
Organism immunity systerm. In addition, ginsenosides had double 
effects on the regulation of the stimulation and inhibition of the central 
nervous system (CNS) and it could regulate the nerve transmits [14] 
Kim Min et al. [15] examined the effect of Rg3 on insulin signaling 
and glucose uptake in cultured L6 myotubes and investigated the 
mechanism involved .They found that Rg3 could improve insulin 
signaling and glucose uptake primarily by stimulating the expression 
of the insulin receptor substrates (IRS-1) and GLUT4.

Metabolism
When ginsenoside Rg3 was anaerobically incubated with human 

fecal microflora, all specimens metabolized ginsenoside Rg3 to 
ginsenoside Rh2 and protopanaxadiol,and the main metabolite was 
ginsenoside Rh2.The properties of a novelβ-glucosidase from Fusarium 
proliferatum ECU2042 that converts ginsenoside Rg3 into Rh2 was 
studied by Su et al. [16]. Most herbal medicines are usually administrated 
by oral way and the components of which come into contact with 
intestinal microflora in the alimentary tract inevitably. In order to 

measure Rg3 and its metabolites selectively and precisely Xie et al. [17] 
used the method HPLC-MS determination of ginsenoside Rg3 and its 
metabolites in rat plasma by solid-phase extraction (SPE).This is a novel 
and sensitive method for simultaneous determination of ginsenoside 
Rg3 and its metabolites in rat plasma by HPLC-MS. Compared with 
liquid-liquid extraction, SPE is an appropriate extraction procedure. 
Qian et al. [12] studied in vivo rat metabolism and pharmacokinetic 
studies of ginsenoside Rg3 and found that six metabolites of Rg3 were 
detected in rat feces samples after oral administration. The identification 
of metabolite and the proved metabolic pathway may provide 
important information to the bioactive form of this ginsenoside. Wang 
et al. [18] studied the metabonomics on the effects of the Ginsenoside 
Rg3 in a β-cyclodextrin-based formulation on tumor-bearing rats by 
a fully automatic hydrophilic interaction reversed-phase column-
switching HPLC-ESI-MS approach. For this analysis of body fluids 
urine is a most favorable sample material .Because it can be collected 
noninvasively, which is more convenient. Moreover, urine contained 
many metabolites indicating the metabolic state of the organism [19] 
and reflecting specific traits to perturbations [20]. The ginsenoside Rg3 
in human plasma and urine was also determined by high performance 
liquid chromatography–tandem mass spectrometry [21].  

Pharmacokinetic study

To support pharmacokinetic studies of ginsenosides, Xie et al. 
[17] studied a novel method of quantitative analysis on ginsenoside 
Rg3. They separated the gradient of Rg3 using HPLC with ESI-MS 
in negative ionmode and the mobile phase additive is ammonium 
chloride. Pharmacokinetic studies suggest that ginsenosides are very 
poorly absorbed following oral administration. Qian et al. [12] also got 
the averaged results obtained from three rats and used this result to 
investigate the pharmacokinetics of Rg3. It showed the plasma profiles 
of Rg3 concentration changed with sample collection time after the 
intravenous administration and there was no Rg3 detected in the 
plasma samples collected after 1.5h.Nevertheless,both studies of Qian 
et al. and Cai et al. [22] have demonstrated short half-life of Rg3 after 
the intravenous administration, which again indicated that ginsenoside 
Rg3 was probably metabolized quickly in rat and this also agreed with 
the results of metabolism studies in recent literatures. Also, evaporative 
light-scattering inspection was applied to the study of the rat on the 
pharmacokinetic study of ginsenoside Rg3 in vivo,and Duan et al. 
[23] studied the correlative references of recent years, summarized 
the research progress of ginsenoside Rg3 in pharmacodynamics and 
pharmacokinetics, probe into the antineoplastic mechanisms and 
the vivo distribution. Recent study [24] porved that Rg3 affected 
phosphorylation and expression of endothelial nitric oxide synthase 
(eNOS), besides the present results provide a mechanism for Rg3-
stimulated endothelial NO production.

Summary
Above all, may be the difference between the rat groups or Rg3 

solubility in dosing solutions can result in a slightly longer half-life. 
For oral administration, ginsenosides may be easily metabolized under 
the acidic conditions by the stomach and intestinal flora. The intestinal 
metabolites of Rg3 are Rh2 and protopanaxadiol. Investigation of the 
pharmacokinetic and metabolic profile of Rg3 in vivo is essential to 
clarify its mechanisms of action. Besides, many methods have been used 
for determination of Rg3 and its metabolites, such as HPLC, HPLC-
UV, HPLC-MS and SPE etc, and those strategies are promising tools 
for metabonomics and pharmacokinetics studies as global analysis. 
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Great achievements have been made and it has a wider clinical 
application of the traditional Chinese medicine. Obviously, 
ginsenosidesRg3 is an important biological activity compound of great 
medical value, we hope that further study of its biological activity will 
be made so that its resources can be fully utilized and then it can make 
great contributions for the protection of human health. 

References 

1. Kiefer DS, Pantuso T (2003) Panax gingeng. Am Fam Physician 68: 1539-
1542.

2. Lee SM (2010) Intramolecular formation of cyclic ether by dehydration of 20(S)-
ginsenoside Rg3 Food Chemistry 122: 1218-1221.

3. Lee SY, Kim GT, Roh SH, Song JS, Kim HJ, et al. (2009) Proteomic Analysis 
of the Anti-Cancer Effect of 20S-Ginsenoside Rg3 in Human Colon Cancer Cell 
Lines. Biosci Biotechnol Bioche 73: 811-816.

4. Chen MW, Yang L, Ni L, Guo X, Tian RZ, et al. (2005) The effect of 20(R)-
ginsenoside Rg3 on the differential expression of cell signaling genes and other 
related genes in human lung adenocarcinoma cell line A549. Chin J Tuberc 
Respir Dis 28: 37-39.

5. Liu TG, Huang Y, Cui DD, Huang XB, Mao SH, et al. (2009) Inhibitory effect of 
ginsenoside Rg3 combined with gemcitabine on angiogenesis and growth of 
lung cancer in mice. BMC Cancer 9: 1186-1197.

6. Sun BS, Zhang M, Liu LL (2010) Melanoma cell apoptosis induced with Rg3.
Chin J Lab Diagn 14: 526-527.

7. Kim SM, Lee SY, Yuk DY (2009) Inhibition of NF-κB by Ginsenoside Rg3 
enhance the susceptibility of colon cancer cells to Docetaxel. Arch Pharm Res
32: 755-765.

8. Xu TM, Xin Y, Cui MH, Jiang X, Gu LP (2007) Inhibitory effect of ginsenoside 
Rg3 combined with cyclophosphamide on growth and angiogenesis of ovarian 
cancer. Chin Med J(Engl) 120: 584-588.

9. Li PY, Hao XH, Zhao, CF (2001) Study on the antiviral activities of ginsenoside-
Rg3 and-Rb3. Chin J Gerontolo 21: 215-216.

10.	Chang YP, Wu YZ, Li PY (2000) Experimental observation on the therapy of 
herpes simplex virus keratitis with G-Rg3. J Norman Bethune Univ Med Sci 
26: 134-136.

11. Li TZ, Liu CT (2005) Effect of Shenyi capsule on the serum immunoglobulin and 
cytokines in patients with chronic obstructive pulmonary diseases. Chin J Clin 
Rehabilitation 9: 160-161.

12.	Qian TX, Cai ZW, Ricky NS, Nai Ki Mak, Zhi-Hong Jiang (2005) In vivo rat 
metabolism and pharmacokinetic studies of ginsenoside Rg3. J Chrom B 816: 
223-232.

13.	Cheng H, Song XB, Zhang LJ (2010) Advances in research on the ginsenoside 
Rg3 and ginsenoside Rh2. Drug Evaluation Research 33: 307-311.

14.	Wang YH, Lou DW, Yu XY (2010) Recent advances in pharmacological effects 
of ginseng. J JiLin Nstnute Chemical Tech 27: 38-41. 

15.	Kim M, Ahn BY, Lee JS, Chung SS, Lim S, et al. (2009) The ginsenoside Rg3 
has a stimulatory effect on insulin signaling in L6 myotubes. Biochem and 
Biophys Res Commun 389: 70-73.

16.	Su JH, Xu JH, Yu HL, Yu-Cai He, Wen-Ya Lu, et al. (2009) Properties of a novel 
β-glucosidase from Fusarium proliferatum ECU2042 that converts ginsenoside 
Rg3 into Rh2. J Molecular Catalysis B:Enzymatic 57: 278-283.

17.	Xie HT, Wang GJ, Sun JG, Tucker I, Zhao XC, et al. (2005) High performance 
liquid chromatographic-mass spectrometric determination of ginsenoside 
Rg3 and its metabolism in rat plasma using solid-phase extraction for 
pharmacokinetic studies. J Chromatogr B Analyt Technol Biomed Life Sci 818: 
167-173.

18.	Wang Y, Wang JS, Yao M, Zhao X, Fritsche,  et al. (2008) Metabonomics study 
on the effects of the ginsenoside Rg3 in a β-cyclodextrin-based formulation on 
tumor-bearing rats by a fully automatic hydrophilic interaction/reversed-phase 
column-switching HPLC-ESI-MS approach. Anal Chem 80: 4680-4688.

19.	Chen J, Zhao X, Fritsche J, Yin P, Schmitt-Kopplin P, et al. (2008) Practical 
approach for the identification and isomer elucidation of biomarkers detected 
in a metabonomic study for the discovery of individuals at risk for diabetes 
by interating the chromatographic and mass spectrometric information. Anal 
Chem 80: 1280-1289.

20.	Ebbels TM, Keun HC, Beckonert OP, Bollard ME, Lindon JC, et al. (2007) 
Prediction and classification of drug toxicity using probabilistic modeling of 
temporal metabolic data: the consortium on metabonomic toxicology screening 
approach. J Proteome Res 6: 4407-4422.

21.	Zhao Q, Zheng X, Ji J, Zhou H, Hu P (2010) Determination of ginsenoside 
Rg3 in human plasma and urine by high performance liquid chromatography–
tandem mass spectrometry. J Chromatogr B Analyt Technol Biomed Life Sci 
878: 2266-2273.

22.	Liu JH, Lu D, Liu JP (2007) Studies on Pharmacokinetics of 20(S)-Ginsenoside 
Rg3 After Intramuscular Administration to Rats. Chin Pharm J 42: 1087-1090.

23.	Duan LR, Xie YH, Wang SW (2010) Progress of Ginsenoside Rg3 
Pharmacokinetics and Antineoplastic Mechanisms. Prog in Modern Biom 10: 
770-773.

24.	Hien TT, Kim ND, Pokharel YR, Oh SJ, Lee MY, et al. (2010) Ginsenoside 
Rg3 increases nitric oxide production via increases in phosphorylation and 
expression of endothelial nitric oxide synthase: Essential roles of estrogen 
receptor-dependent PI3-kinase and AMP-activated protein kinase. Toxicology 
and Applied Pharm 246: 171-183.

http://www.ncbi.nlm.nih.gov/pubmed?term=Kiefer DS%2C Pantuso T. Panax gingeng
http://www.ncbi.nlm.nih.gov/pubmed?term=Kiefer DS%2C Pantuso T. Panax gingeng
http://www.sciencedirect.com/science/article/pii/S0308814609014228
http://www.sciencedirect.com/science/article/pii/S0308814609014228
http://www.ncbi.nlm.nih.gov/pubmed?term=Proteomic Analysis of the Anti-Cancer Effect of 20S-Ginsenoside Rg3 in Human Colon Cancer Cell Lines
http://www.ncbi.nlm.nih.gov/pubmed?term=Proteomic Analysis of the Anti-Cancer Effect of 20S-Ginsenoside Rg3 in Human Colon Cancer Cell Lines
http://www.ncbi.nlm.nih.gov/pubmed?term=Proteomic Analysis of the Anti-Cancer Effect of 20S-Ginsenoside Rg3 in Human Colon Cancer Cell Lines
http://www.ncbi.nlm.nih.gov/pubmed?term=The effect of 20%28R%29-ginsenoside Rg3 on the differential expression of cell signaling genes and other related genes in human lung adenocarcinoma cell line A549
http://www.ncbi.nlm.nih.gov/pubmed?term=The effect of 20%28R%29-ginsenoside Rg3 on the differential expression of cell signaling genes and other related genes in human lung adenocarcinoma cell line A549
http://www.ncbi.nlm.nih.gov/pubmed?term=The effect of 20%28R%29-ginsenoside Rg3 on the differential expression of cell signaling genes and other related genes in human lung adenocarcinoma cell line A549
http://www.ncbi.nlm.nih.gov/pubmed?term=The effect of 20%28R%29-ginsenoside Rg3 on the differential expression of cell signaling genes and other related genes in human lung adenocarcinoma cell line A549
http://www.ncbi.nlm.nih.gov/pubmed?term=Inhibitory effect of ginsenoside Rg3 combined with gemcitabine on angiogenesis and growth of lung cancer in mice
http://www.ncbi.nlm.nih.gov/pubmed?term=Inhibitory effect of ginsenoside Rg3 combined with gemcitabine on angiogenesis and growth of lung cancer in mice
http://www.ncbi.nlm.nih.gov/pubmed?term=Inhibitory effect of ginsenoside Rg3 combined with gemcitabine on angiogenesis and growth of lung cancer in mice
http://en.cnki.com.cn/Article_en/CJFDTOTAL-ZSZD201004018.htm
http://en.cnki.com.cn/Article_en/CJFDTOTAL-ZSZD201004018.htm
http://www.ncbi.nlm.nih.gov/pubmed?term=Inhibitory effect of ginsenoside Rg3 combined with cyclophosphamide on growth and angiogenesis of ovarian cancer.
http://www.ncbi.nlm.nih.gov/pubmed?term=Inhibitory effect of ginsenoside Rg3 combined with cyclophosphamide on growth and angiogenesis of ovarian cancer.
http://www.ncbi.nlm.nih.gov/pubmed?term=Inhibitory effect of ginsenoside Rg3 combined with cyclophosphamide on growth and angiogenesis of ovarian cancer.
http://www.sciencedirect.com/science/article/pii/S1570023204009559
http://www.sciencedirect.com/science/article/pii/S1570023204009559
http://www.sciencedirect.com/science/article/pii/S1570023204009559
http://www.ncbi.nlm.nih.gov/pubmed?term=The ginsenoside Rg3 has a stimulatory effect on insulin signaling in L6 myotubes
http://www.ncbi.nlm.nih.gov/pubmed?term=The ginsenoside Rg3 has a stimulatory effect on insulin signaling in L6 myotubes
http://www.ncbi.nlm.nih.gov/pubmed?term=The ginsenoside Rg3 has a stimulatory effect on insulin signaling in L6 myotubes
http://www.sciencedirect.com/science/article/pii/S1381117708002105
http://www.sciencedirect.com/science/article/pii/S1381117708002105
http://www.sciencedirect.com/science/article/pii/S1381117708002105
http://www.ncbi.nlm.nih.gov/pubmed?term=High performance liquid chromatographic-mass spectrometric determination of ginsenoside Rg3 and its metabolism in rat plasma using solid-phase extraction for pharmacokinetic st
http://www.ncbi.nlm.nih.gov/pubmed?term=High performance liquid chromatographic-mass spectrometric determination of ginsenoside Rg3 and its metabolism in rat plasma using solid-phase extraction for pharmacokinetic st
http://www.ncbi.nlm.nih.gov/pubmed?term=High performance liquid chromatographic-mass spectrometric determination of ginsenoside Rg3 and its metabolism in rat plasma using solid-phase extraction for pharmacokinetic st
http://www.ncbi.nlm.nih.gov/pubmed?term=High performance liquid chromatographic-mass spectrometric determination of ginsenoside Rg3 and its metabolism in rat plasma using solid-phase extraction for pharmacokinetic st
http://www.ncbi.nlm.nih.gov/pubmed?term=High performance liquid chromatographic-mass spectrometric determination of ginsenoside Rg3 and its metabolism in rat plasma using solid-phase extraction for pharmacokinetic st
http://www.ncbi.nlm.nih.gov/pubmed?term=Metabonomics study on the effects of the ginsenoside Rg3 in a %CE%B2-cyclodextrin-based formulation on tumor-bearing rats by a fully automatic hydrophilic interaction%2Frever
http://www.ncbi.nlm.nih.gov/pubmed?term=Metabonomics study on the effects of the ginsenoside Rg3 in a %CE%B2-cyclodextrin-based formulation on tumor-bearing rats by a fully automatic hydrophilic interaction%2Frever
http://www.ncbi.nlm.nih.gov/pubmed?term=Metabonomics study on the effects of the ginsenoside Rg3 in a %CE%B2-cyclodextrin-based formulation on tumor-bearing rats by a fully automatic hydrophilic interaction%2Frever
http://www.ncbi.nlm.nih.gov/pubmed?term=Metabonomics study on the effects of the ginsenoside Rg3 in a %CE%B2-cyclodextrin-based formulation on tumor-bearing rats by a fully automatic hydrophilic interaction%2Frever
http://www.ncbi.nlm.nih.gov/pubmed?term=Practical approach for the identification and isomer elucidation of biomarkers detected in a metabonomic study for the discovery of individuals at risk for%20diabetes by%25
http://www.ncbi.nlm.nih.gov/pubmed?term=Practical approach for the identification and isomer elucidation of biomarkers detected in a metabonomic study for the discovery of individuals at risk for%20diabetes by%25
http://www.ncbi.nlm.nih.gov/pubmed?term=Practical approach for the identification and isomer elucidation of biomarkers detected in a metabonomic study for the discovery of individuals at risk for%20diabetes by%25
http://www.ncbi.nlm.nih.gov/pubmed?term=Practical approach for the identification and isomer elucidation of biomarkers detected in a metabonomic study for the discovery of individuals at risk for%20diabetes by%25
http://www.ncbi.nlm.nih.gov/pubmed?term=Practical approach for the identification and isomer elucidation of biomarkers detected in a metabonomic study for the discovery of individuals at risk for%20diabetes by%25
http://pubs.acs.org/doi/abs/10.1021/pr0703021
http://pubs.acs.org/doi/abs/10.1021/pr0703021
http://pubs.acs.org/doi/abs/10.1021/pr0703021
http://pubs.acs.org/doi/abs/10.1021/pr0703021
http://www.sciencedirect.com/science/article/pii/S1570023210004022
http://www.sciencedirect.com/science/article/pii/S1570023210004022
http://www.sciencedirect.com/science/article/pii/S1570023210004022
http://www.sciencedirect.com/science/article/pii/S1570023210004022
http://www.ncbi.nlm.nih.gov/pubmed?term=Ginsenoside Rg3 increases nitric oxide production via increases in phosphorylation and expression of endothelial nitric oxide synthase%3A Essential roles of estrogen receptor-dependent PI3-kinase and AMP-activated pr
http://www.ncbi.nlm.nih.gov/pubmed?term=Ginsenoside Rg3 increases nitric oxide production via increases in phosphorylation and expression of endothelial nitric oxide synthase%3A Essential roles of estrogen receptor-dependent PI3-kinase and AMP-activated pr
http://www.ncbi.nlm.nih.gov/pubmed?term=Ginsenoside Rg3 increases nitric oxide production via increases in phosphorylation and expression of endothelial nitric oxide synthase%3A Essential roles of estrogen receptor-dependent PI3-kinase and AMP-activated pr
http://www.ncbi.nlm.nih.gov/pubmed?term=Ginsenoside Rg3 increases nitric oxide production via increases in phosphorylation and expression of endothelial nitric oxide synthase%3A Essential roles of estrogen receptor-dependent PI3-kinase and AMP-activated pr
http://www.ncbi.nlm.nih.gov/pubmed?term=Ginsenoside Rg3 increases nitric oxide production via increases in phosphorylation and expression of endothelial nitric oxide synthase%3A Essential roles of estrogen receptor-dependent PI3-kinase and AMP-activated pr

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Pharmacological Activities
	Anti-tumor and anti-cancer effects
	Anti-virus effects
	Interference in chronic obstructive pulmonary disease (COPD) 
	Other effects

	Metabolism
	Pharmacokinetic study

	Summary
	References



