
 
                         

190 
 

Scholars Academic Journal of Pharmacy (SAJP)            ISSN 2320-4206 (Online) 

Sch. Acad. J. Pharm., 2015; 4(3): 190-194                  ISSN 2347-9531 (Print)  
©Scholars Academic and Scientific Publisher       
(An International Publisher for Academic and Scientific Resources) 
www.saspublisher.com 

 

Research Article 
 

Inhibition of Matrix Metalloproteinase-2 Expression by Ethanolic Extracts of 

Zingiberaceae Rhizomes in Artery Endothelial Cells 
Yanti

*
, Andre Wiharja, Nikodemus Steven, Surya Fajarianto 

Faculty of Biotechnology, Atma Jaya Catholic University, Jakarta 12930, Indonesia 

 

*Corresponding author  

Yanti, 

Email: yanti@atmajaya.ac.id   

 

Abstract: Atherosclerosis belongs to inflammation-related vascular diseases due to bacterial infection and causes lipid 
accumulation in artery wall that lead to heart attack and stroke. Matrix metalloproteinase (MMP)-2 and -9 are grouped to 

zinc-dependent proteases that act in degradation of extracellular matrix in atherosclerotic plaque. Instead of traditional 

foods, the rhizomes of Zingiberaceae have been empirically used in folk medicines purposes, including natural vascular 

protection. This study was aimed to test the inhibitory effect of 10 Zingiberaceae rhizomes on the expression of MMP-2 

activity in lipopolysaccharide-induced artery endothelial cells by conducting gelatin zymogram. At 1 µg/ml, selected 
Zingiberaceae rhizomes, i.e. Kaempferia pandurata, Curcuma xanthorrhiza, Alpinia galanga, Zingiberaceae officinale, 

and Z. officinale Var Rubra, were found to attenuate MMP-2 activity up to 50% compared with LPS-treated cells. In 

summary, these data suggest that selected Zingiberaceae rhizomes may be applied for potential therapeutics in vascular 

protection and therapy, in particular atherotherapy. 
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INTRODUCTION 

Atherosclerosis is a diffuse, systemic disease of 

the arterial network, the local manifestations of which 

are associated with clinical problems such as 

myocardial infarction, stroke, etc. It has been reported 

that atherosclerotic plaque is responsible for 75% of 

human death [1]. The equilibrium between matrix 

metalloproteinase (MMP) and its endogenous 
inhibitors, tissue inhibitors of metalloproteinase 

(TIMP), is critical in the maintenance of the 

cardiovascular system. MMPs are a group of zinc-

dependent proteinases capable of degrading 

extracellular matrix protein in many physiological and 

pathological processes, including atherosclerosis. 

Among MMP groups, it has been recognized that the 

expression and activity of MMP-2 and MMP-9 are 

linearly associated with atherosclerotic plaque [2].  

 

Zingiberaceae belongs to the ginger family and 

is mainly distributed in Asian regions. The rhizomes of 
Zingiberaceae have been empirically used for culinary 

and folk medicines [3]. They exerted several 

bioactivities, including antioxidant, anti-inflammatory, 

antimicrobial, and anticaries properties [4-6]. Our 

previous study demonstrated that most Curcuma 

rhizomes significantly acted as vascular protection 

through attenuation of MMP-9 protein and gen in 

human umbilical vascular endothelial cells (HUVECs) 

in vitro [7]. This study was focused on screening the 

effect of medicinal Zingiberaceae rhizomes on the 

inhibition of MMP-2 activity in artery endothelial cell 

system.  

 

MATERIALS AND METHODS 

Plant materials and sample preparation 

Ten Zingiberaceae rhizome plants, i.e. such as 

Kaempferia pandurata, K. galanga, Alpinia galanga, 
Zingiber officinale, Z. Officinale Var Rubra, Curcuma 

xanthorrhiza, C. longa, C. zedoria, C. mangga, and C. 

aeruginosa were collected from traditional markets in 

Jakarta and Bogor. Samples were dried and grinded, 

followed by extraction two times with 70% ethanol at 

room temperature for 3 days each, and the combined 

extracts were concentrated by freeze-drying treatment 

(yield: 10% w/w). 

 

Cell culture and cell viability 

Bovine pulmonary artery endothelial cells 

(BPAE lines; ATCC CCL-209; American Type Culture 
Collection) were purchased from Primate Research 

Center, Bogor Agricultural University, Bogor. The cells 

were grown in Dulbecco’s modified Eagle’s medium 

(DMEM) containing 10% fetal bovine serum, 100 

units/ml of penicillin, and 100 µg/ml of streptomycin. 

Cells were incubated in the presence of 5% CO2 at 

37oC. The cells (passage 7-11) were seeded at a 

concentration of 2 x 105 cells/ml per 75-cm2 flask and 

cultured for 24 h. Cells were then activated with 
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Eschericia coli O157:H7 lipopolysaccharide (LPS; 

Sigma-Aldrich) to enhance the production of MMP-2.  
 

The effects of E. coli LPS and Zingiberaceae 

extracts on cell viability were evaluated with the 3-(4,5-

dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium 

bromide (MTT; Sigma-Aldrich) colorimetric assay [7]. 
Zingiberaceae rhizome extract was dissolved in 100% 

DMSO, and the stock solution of the extract at a 

concentration of 1000 μg/ml was prepared in 10% 

DMSO. The final concentrations of the extract were 1 

μg/ml in the culture media, and all cells were treated 

with DMSO at a final concentration of 0.1%.  
 

Sample treatment 

Cells were seeded at a concentration of 2 × 105 

cells/ml in 6-well plates and cultured for 24 h in 
DMEM-FBS. After washing with Dulbecco’s 

phosphate-buffered saline (DPBS), the cells were 

incubated in serum free-DMEM without LPS (negative 

control group), with 2 µg/ml LPS (positive control 

group), or with 2 µg/ml LPS plus treatment for 24 h. 

The treatment groups included Zingiberaceae rhizome 

extracts (1 μg/ml) and MMP inhibitor (doxycycline at 1 

μg/ml). Conditioned media were collected for further 

experiments. 
 

Gelatin zymogram 

Activity of MMP-2 in the conditioned media 

was measured by gelatin zymography [7]. Briefly, the 

conditioned media from the negative control, positive 

control and treatment group (Zingiberaceae extracts) 

were collected and subjected to electrophoresis with 

10% SDS polyacrylamide gels containing 0.1 % gelatin. 

Electrophoresis was run at 90 V for 1.5 h in an 

electrophoretic apparatus (Bio-Rad Mini Protean 3 

Cell). After electrophoresis, gels were washed twice 

with 25 ml of 2.5% Triton X-100 on a gyratory shaker 

for 1 h at room temperature to remove SDS. Gel was 

then incubated in 25 ml reaction buffer (50 mM Tris-

HCl, pH 7.5, 10 mM CaCl2, 0.15 M NaCl) at 37ºC for 

24 h, stained with Coomassie brilliant blue R-250 and 

destained with methanol-acetic acid in water. Briefly, 

MMP-2 gelatinolytic band was detected at 67 kDa as 

clear zone against the dark background. Relative band 

densities were analyzed by Gel-Doc Quantity One 

software (Bio-Rad Laboratories) and calculated by 
Multi Gauge software (Lab Science). 
 

Statistical analysis 

Triplicate experiments were performed 

throughout this study. All data were presented as the 

mean ± standard deviation (SD). The significance of 

differences between control and treated groups were 
statistically analyzed by the paired Student’s t-test (*P 

< 0.05). 
 

RESULTS AND DISCUSSION 

The viability of BPAE cells treated with LPS 

and Zingiberaceae rhizome extracts was determined. 

MTT colorimetric assay showed that LPS (2 µg/ml), 
Zingiberaceae rhizome extracts (1 µg/ml), and 

doxycycline MMP inhibitor (1 µg/ml) were safe to the 

BPAE cell viability (Figure 1). At 5 µg/ml, most 

Zingiberaceae rhizomes caused ≥20% of cell toxicity in 

BPAE cells. Thus, low concentration (1 µg/ml) of each 

extract was used for the further study.  
 

Next, Zingiberaceae rhizomes were investigated 

for their anti-atherosclerotic potential via decreasing 

MMP-2 activity in LPS-induced BPAE cells. 

Zymogram profile demonstrated that BPAE cells were 

found to secret MMP-2 directly, and LPS treatment at 2 

µg/ml significantly enhanced the production of MMP-2 

activity in the cells (Figure 2).  

 

 
Fig-1: Effect of LPS (2 µg/ml) and Zingiberaceae rhizome extracts at 1 µg/ml (■) and 5 µg/ml (□) on the BPAE cell 

viability. Dox refers to doxycycline (standard MMP inhibitor) at similar concentrations. 1. K. pandurata; 2. C. 

xanthorriza; 3. C. aeruginosa; 4. C. mangga; 5. C. zedoaria; 6. C. longa; 7. K. galanga; 8. A. galanga; 9. Z. 

officinale; 10. Z. officinale Roxb. Var Rubra; Dox. Doxycycline (standard MMP inhibitor). Values represent the 

mean ± SD of triplicate experiments. * indicates P < 0.05 against LPS-treated cells. 

* * * 
* 

* * 
* * 

* 
* 
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Fig-2: Effect of Zingiberaceae rhizome extracts on the expression of MMP-2 activity in LPS-induced BPAE cells 

assayed by gelatin zymography. 1. Kaempferia pandurata; 2. Curcuma xanthorriza; 3. C. aeruginosa; 4. C. mangga; 

5. C. zedoaria; 6. C. longa; 7. K. galanga; 8. Alpinia galanga; 9. Zingiber officinale; 10. Z. officinale Roxb. Var 

Rubra; Dox. Doxycycline (standard MMP inhibitor). Values represent the mean ± SD of triplicate experiments. * 

indicates P < 0.05 against LPS-treated cells. 
 

Among all, rhizome extracts of K. pandurata, C. 

xanthorrhiza, A. galanga, Z. officinale, and Z. officinale 

Var Rubra at 1 µg/ml were found to inhibit >50% of 

MMP-2 activity in LPS-induced BPAE cells. 

Doxycycline MMP inhibitor also showed the similar 

MMP-2 inhibitory activity with those selected 

Zingiberaceae rhizome extracts. 

 

It has been shown that atherosclerotic plaques 

consisted of various vascular cells, including 

macrophages, endothelial, and smooth muscle cells 
within an accumulation of lipid and extracellular matrix 

proteins [8]. The use of an infectious agent of LPS is 

reported to be involved in the formation of 

atherosclerotic plaque through triggering the production 

of MMPs particularly MMP-2 and MMP-9, suggesting 

that bacterial infection may associate with the initiation 

of atherosclerosis [9].  

 

In accordance with our study, LPS at 2 µg/ml 

was found to enhance MMP-2 secretion in vascular cell 

type of BPAE, whereas the cells also primarily 
produced MMP-2 activity (Figure 2). In addition, other 

vascular stimuli such as thrombin, interleukin (IL)-1α, 

and tumor necrosis factor (TNF)-α also up-regulated 

MMP-2 and MT-MMP production in human aortic 

vascular smooth muscle cells [10-11]. 

 

Zingiberaceae or ginger family has been known 

for their potentials in vascular therapy due to their 

antioxidative, anti-inflammatory, and lowering effects 

on LDL. These properties are believed in association 

with prevention and treatment of atherosclerosis [12-

13]. The use of Zingiberaceae rhizomes for screening a 

natural MMP inhibitor derived from plants is assumed 

to be mainly correlated with their secondary metabolite 

contents. Most bioactive compounds derived from 

Zingiberaceae rhizomes are grouped in polyphenols, 
terpenes, and essential oils and have been reported for 

their multi-pharmacological effects.  

 

Curcumin from C. longa, xanthorrhizol from C. 

xanthorrhiza, panduratin A from K. pandurata, and 

licarin A from C. zedoria possessed various MMP-1, 

MMP-2, and MMP-9 inhibitory properties in several in 

vitro cell culture assays [14-19]. Extracts of Taiwanese 

Zingiberaceae of A. pricei, C. zedoria, C. longa, and K. 

pandurata were also found to reduce MMP-2 and 

MMP-9 activities in various in vitro disease models of 
cancer, tumor, periodontitis, and atherosclerosis [20-

23].  

 

In line with this study, our previous findings 

indicated that most Curcuma rhizome extracts, i.e. C. 
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xanthorrhiza, C. mangga, C. longa, at 1 µg/ml 

significantly reduced the expression of MMP-9 activity 

in HUVECs exposed to LPS in vitro [7]. Meanwhile, in 

vascular artery endothelial cell system, 5 Zingiberaceae 

rhizomes (K. pandurata, C. xanthorrhiza, A. galanga, 

Z. officinale, and Z. officinale Var Rubra) at 1 µg/ml 

significantly reduced MMP-2 activity when compared 

with LPS treatment (Figure 2). However, the inhibitory 

molecular mechanism of specific Zingiberaceae 
rhizome extracts on MMP-2 expression in LPS-induced 

BPAE cells still remains unclear.  

 

Previous studies summarized that plant 

polyphenols and wine polyphenols may have spesific 

short- and long-term roles in vascular protection via 

modulation nitric oxide-mediated vasorelaxation, the 

increased expression of endhothelial nitric oxide 

synthase, the decreased expression of adhesion 

molecules and growth factors, the involvement of cell 

migration and proliferation, and the inhibition of MMPs 
involved in the degradation of extracellular matrix 

proteins [24-26]. Hence, our data suggest that specific 

medicinal Zingiberaceae rhizomes with potential MMP-

2 inhibitory effect may exert long-term mechanisms on 

lowering the risk of vascular diseases including 

atherosclerosis  

 

Doxycycline, a standard MMP inhibitor, was 

also tested in this study for comparison. Doxycycline at 

1 µg/ml demonstrated the similar efficacy with those 5 

selected rhizomes for ameliorating MMP-2 activity in 

LPS-induced BPAE cells (Figure 2). These findings are 
also in linear with Mannacio et al. [27]. The specific 

role of doxycyline in inhibiting MMP-2 and MMP-9 

levels is thought to be associated with the prevention of 

graft atherosclerosis and vascular remodeling.  

 

CONCLUSION 

Certain Zingiberaceae rhizome exctracts, i.e. K. 

pandurata, C. xanthorrhiza, A. galanga, Z. officinale, 

and Z. officinale Var Rubra, significantly attenuated the 

expression of MMP-2 activity in LPS-induced BPAE 

cells, suggesting their potential MMP-2 inhibitory 
activity may be applied for beneficial diet in terms of 

cardiovascular protection. However, searching for the 

potent bioactive compounds derived from 

Zingiberaceae rhizomes which responsible for 

inhibition of MMP-2 expression and its signaling 

mechanism in LPS-induced BPAE cells is still needed.  

      

ACKNOWLEDGEMENT 

This work was funded by Directorate General of 

Higher Education, Ministry of Education and Culture, 

Republic of Indonesia through Competency Grant 

(2012). We also thank Dr. Diah Iskandriati and Silmi 
Mariyah, MSc for sharing bovine artery endothelial cell 

collection at Laboratory of Microbiology and 

Immunology, Research Center for Primate, Bogor 

Agriculture University, Bogor, Indonesia. 

 

REFERENCES 

1. Virmani R, Kolodgie FD, Burke AP, Finn AV, 

Gold HK, Tulenko TN; Atherosclerotic plaque 

progression and vulnerability to rupture: 

angiogenesis as a source of intraplaque 

hemorrhage. Arteriosclerosis Thrombosis and 

Vascular Biology, 2005; 25(10): 2054.  

2. Zalba G, Fortuno A, Orbe J, San Jose G, Moreno 

MU, Belzunce M, Rodríguez JA, Beloqui O, 
Páramo JA, Díez J; Phagocytic NADPH oxidase-

dependent superoxide production stimulates matrix 

metalloproteinase-9: implications for human 

atherosclerosis. Arteriosclerosis Thrombosis and 

Vascular Biology, 2007; 27 (3): 587-593. 

3. Delin W, Larsen K; Zingiberaceae. Flora of China, 

2000; 24: 322-377.  

4. Ross IA; Zingiber officinale. In: Ross IA: 

Medicinal Plants of the World, Humana Press, New 

Jersey, 2005:3: 507-560. 

5. Rao K, Bhuvaneswari C, Narasu LM, Giri A; 
Antibacterial activity of Alpinia galangal (L) wild 

crude extracts. Applied Biochemistry and 

Biotechnology, 2010; 162: 871-884. 

6. Shimoda H, Shan SJ, Tanaka J.Seki A, Seo JW, 

Kasajima N, Tamura S, Ke Y, Murakami N; Anti-

inflammatory properties of red ginger (Zingiber 

officinale var. Rubra) extract and suppression of 

nitric oxide production by its constituents. Journal 

of Medicinal Food, 2010; 13(1): 156-162. 

7. Yanti; Anti-metalloproteinase-9 activities of 

Indonesian Zingiberaceae rhizome extracts in 

lipopolysaccharide-induced human vascular 
endothelial cells in vitro. American Journal of 

Biochemistry and Biotechnoogy, 2011; 7(1): 1-9. 

8. Ekmekci OB, Ekmekci H; Vitronectin in 

atherosclerotic disease. Clinica Chimica Acta, 

2006; 368(1-2): 77-83. 

9. Kol A, Boureier T, Lichtman AH, Libby AP; 

Chlamydial and human heat shock protein 60s 

activate human vascular endothelium, smooth 

muscle cells, and macrophages. The Journal of 

Clinical Investigation, 1999; 103(4): 571-577. 

10. Rajavashisth TB, Xu XP, Jovinge S, Meisel S, Xu, 
XO, Chai NN, Fishbein MC, Kaul S, Cercek B, 

Sharifi B, Shah PK; Membrane type 1 matrix 

metalloproteinase expression in human 

atherosclerotic plaque. Circulation, 1999; 99: 3103-

3109. 

11. Bedoui EJ, Oak MH, Anglard P, Schini-Kerth VB; 

Cathecins prevent vascular smooth muscle cell 

invasion by inhibiting MT1-MMP activity and 

MMP-2 expression. Cardiovascular Research, 

2005; 67(2): 317-325. 

12. Fuhrman B, Rosenblat M, Hayek T, Coleman R, 

Aviram M; Ginger extract consumption reduces 
plasma cholesterol, inhibits LDL oxidation and 

attenuates development of atherosclerosis in 

atherosclerotic, apolipoprotein E-deficient mice. 

Journal of Nutrition, 2000; 130(5): 1124-1131. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Rodr%C3%ADguez%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=17194891
http://www.ncbi.nlm.nih.gov/pubmed/?term=Beloqui%20O%5BAuthor%5D&cauthor=true&cauthor_uid=17194891
http://www.ncbi.nlm.nih.gov/pubmed/?term=P%C3%A1ramo%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=17194891
http://www.ncbi.nlm.nih.gov/pubmed/?term=D%C3%ADez%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17194891


 

Yanti et al., Sch. Acad. J. Pharm., 2015; 4(3):190-194 

194 
 

13. Wiart C; Ethnopharmacology of Medicinal Plants: 

Asia and The Pacific. 1st Edition, CRC Press, Boca 

Raton, 2006: 1-4. 

14. Herman JG, Stadelman HL, Roselli CE; Curcumin 

blocks CCL2-induced adhesion, motility and 

invasion, in part, through down-regulation of CCL2 

expression and proteolytic activity. International 

Journal of Oncology, 2009; 34(5): 1319-1327. 

15. Oh HI, Shim JS, Gwon SH, Kwon HJ, Hwang JK; 
The effect of xanthorrhizol on the expression of 

matrix metalloproteinase-1 and type-I procollagen 

in ultraviolet-irradiated human skin fibroblasts. 

Phytotherapy Research, 2009; 23(9): 1299-1302. 

16. Yanti, Anggakusuma, Gwon S, Hwang JK; 

Kaempferia pandurata Roxb. inhibits 

Porphyromonas gingivalis supernatant-induced 

matrix metalloproteinase-9 expression via signal 

transduction in human oral epidermoid cells. J 

Ethnopharmacol, 2009; 123: 315-324. 

17. Kwon YY, Kim D, Kim J, Hwang JK; Effects of 
licarin E on expression of matrix  

metalloproteinase-1 and type-1 procollagen in 

UVB-irradiated human skin fibroblasts. 

Phytotherapy Research, 2011; 25(12): 1891-1894. 

18. Hwang BM, Noh EM, Kim JS, Kim JM, You YO, 

Hwang JK, Kwon KB, Lee YR; Curcumin inhibits 

UVB-induced matrix metalloproteinase-1/3 

expression by suppressing the MAPK-p38/JNK 

pathways in human dermal fibroblasts. 

Experimental Dermatology, 2013; 22(5): 371-374.  

19. Lai SL, Cheah SC, Wong PF, Noor SM, Mustafa 

MR; In vitro and in vivo anti-angiogenic activities 
of panduratin A. PLoS One, 2012; 7(5): 38103. 

20. Hseu YC, Chen CS, Wang SY; Alpinia pricei 

rhizome extracts induce cell cycle arrest in human 

squamous carcinoma KB cells and suppress tumor 

growth in nude mice. Evidence-based 

Complementary and Alternative Medicine, 2011; 

123815: 1-11.   

21. Yanti, Hwang JK; Suppressive effect of the 

ethanolic Kaempferia pandurata Roxb. extract on 

matrix metalloproteinase-2 expression in 

Porphyromonas gingivalis-treated human gingival 

fibroblasts in vitro. Journal of Oral Science, 2010; 

52(4): 583-591. 

22. Chen W, Lu Y, Gao M, Wu J, Wang A, Shi R; 

Anti-angiogenesis effect of essential oil from 

Curcuma zedoaria in vitro and in vivo. Journal of 
Ethnopharmacology, 2011; 133(1): 220-226. 

23. Park SY, Kim YH, Kim Y, Lee SJ; Aromatic-

turmerone attenuates invasion and expression of 

MMP-9 and COX-2 through inhibition of NF-κB 

activation in TPA-induced breast cancer cells. 

Journal of Cellular Biochemistry, 2012; 113(12): 

3653-3662. 

24. Dell’Agli M, Busciala A, Bosisio E; Vascular 

effects of wine polyphenols. Cardiovascular 

Research, 2004; 63(4): 593-602. 

25. Oak MH, El Budoi J, Anglard P, Schini-Kerth VB; 
Red wine polyphenolic compounds strongly inhibit 

pro-matrix metalloproteinase-2 expression and its 

activation in response to thrombin via direct 

inhibition of membrane type 1-matrix 

metalloproteinase in vascular smooth muscle cells. 

Circulation, 2004; 110(13): 1861-1867. 

26. Kaneko H, Anzai T, Morisawa M, Kohno T, Nagai 

T, Anzai A, Takahashi T, Shimoda M, Sasaki A, 

Maekawa Y, Yoshimura K, Tsubota K, Yoshikawa 

T, Okada Y, Fukuda K; Resveratrol prevents the 

development of abdominal aortic aneurysm through 

attenuation of inflammation, oxidative stress, and 
neovascularization. Atherosclerosis, 2011; 217(2): 

350-357. 

27. Mannacio V, Di Tommaso L, Antignano A, Di 

Tommaso E, Stassano P, Vosa C; Doxycycline 

prevents intimal hyperplasia in vitro and may 

improve patency of the internal thoracic artery. 

Biomed Research International, 2013; 2013: 

217026. 

 

http://www.sciencedirect.com/science/journal/03788741
http://www.sciencedirect.com/science/journal/03788741
http://www.sciencedirect.com/science/journal/03788741
http://www.ncbi.nlm.nih.gov/pubmed?term=Kwon%20YY%5BAuthor%5D&cauthor=true&cauthor_uid=21544886
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20D%5BAuthor%5D&cauthor=true&cauthor_uid=21544886
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21544886
http://scholar.google.com/citations?view_op=view_citation&hl=en&user=_eSLunMAAAAJ&citation_for_view=_eSLunMAAAAJ:UeHWp8X0CEIC
http://scholar.google.com/citations?view_op=view_citation&hl=en&user=_eSLunMAAAAJ&citation_for_view=_eSLunMAAAAJ:UeHWp8X0CEIC
http://scholar.google.com/citations?view_op=view_citation&hl=en&user=_eSLunMAAAAJ&citation_for_view=_eSLunMAAAAJ:UeHWp8X0CEIC
http://scholar.google.com/citations?view_op=view_citation&hl=en&user=_eSLunMAAAAJ&citation_for_view=_eSLunMAAAAJ:UeHWp8X0CEIC
http://scholar.google.com/citations?view_op=view_citation&hl=en&user=_eSLunMAAAAJ&citation_for_view=_eSLunMAAAAJ:UeHWp8X0CEIC
http://www.ncbi.nlm.nih.gov/pubmed/21530968
http://www.ncbi.nlm.nih.gov/pubmed/21530968
http://www.ncbi.nlm.nih.gov/pubmed/21530968
http://www.ncbi.nlm.nih.gov/pubmed/21530968
http://www.ncbi.nlm.nih.gov/pubmed/21530968

