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Abstract

          
The purpose of this study was to observe the protective effects of α-boswellic acids on hypoxia-induced pulmonary vascular structural remodeling in pulmonary arterial smooth muscle cells in a hypertensive rat model. Pulmonary arterial smooth muscle cells were cultured and then randomly divided into four groups: normoxia, hypoxia (3 % O2; 24 h), hypoxia plus α-boswellic acids, and hypoxia plus DMSO (as a positive control), according to the different concentrations of α-boswellic acids (21.90 µM, 43.79 µM, and 87.58 µM). Apoptosis and proliferation of pulmonary arterial smooth muscle cells significantly decreased in the hypoxia plus α-boswellic acids group compared with the hypoxia and hypoxia plus DMSO groups (n = 8, p < 0.05). The mRNA and protein phosphorylation levels of c-Jun N-terminal kinase 1 and extracellular regulated protein kinase 1 were significantly elevated in hypoxic cells compared with normal cells. However, the mRNA and protein phosphorylation levels of c-Jun N-terminal kinase 1 and extracellular regulated protein kinase 1 markedly decreased in the hypoxia plus α-boswellic acids group compared with the hypoxia plus DMSO group (n = 8, p < 0.05; n = 13, p < 0.05, respectively). Our findings suggest that α-boswellic acids can inhibit inappropriate apoptosis and excessive proliferation of pulmonary arterial smooth muscle cells and pulmonary vascular remodeling by repressing the expression of c-Jun N-terminal kinase 1 and extracellular regulated protein kinase 1 under hypoxic conditions.

      


        
[bookmark: N11042]
Key words

        
          
α-boswellic acids - 
        pulmonary arterial hypertension - 
        apoptosis - 
        PASMCs - 
        c-Jun N-terminal kinase 1 - 
        extracellular regulated protein kinase 1
      



      
[bookmark: N116E4]
Supporting Information

      
	
Supporting Information



    







 

[bookmark: ]

[bookmark: N116FA]
	
References


	
[bookmark: RZ1173-1]1 Megalou AJ, Glava C, Vilaeti AD, Oikonomidis DL, Baltogiannis GG, Papalois A, Vlahos AP, Kolettis TM. Transforming growth factor-β inhibition and endothelin receptor blockade in rats with monocrotaline-induced pulmonary hypertension. Pulm Circ 2012; 2: 461-469 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ1173-2]2 Goncharov DA, Kudryashova TV, Ziai H, Ihida-Stansbury K, DeLisser H, Krymskaya VP, Tuder RM, Kawut SM, Goncharova EA. Mammalian target of rapamycin complex 2 (mTORC2) coordinates pulmonary artery smooth muscle cell metabolism, proliferation, and survival in pulmonary arterial hypertension. Circulation 2014; 129: 864-874 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ1173-3]3 Eddahibi S, Fabre V, Boni C, Martres MP, Raffestin B, Hamon M, Adnot S. Induction of serotonin transporter by hypoxia in pulmonary vascular smooth muscle cells. Relationship with the mitogenic action of serotonin. Circ Res 1999; 84: 329-336 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ1173-4]4 Akihisa T, Tabata K, Banno N, Toshihiro AT, Nishimura R, Nakamura Y, Kimura Y, Yasukawa K, Suzuki T. Cancer chemopreventive effects and cytotoxic activities of the triterpene acids from the resin of Boswellia carteri
        . Biol Pharm Bull 2006; 29: 1976-1979 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ1173-5]5 Saraswati S, Pandey M, Mathur R, Agrawal SS. Boswellic acid inhibits inflammatory angiogenesis in a murine sponge model. Microvasc Res 2011; 82: 263-268 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ1173-6]6 Davis RJ. Signal transduction by the JNK group of MAP kinases. Cell 2000; 103: 239-252 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ1173-7]7 Haeusgen W, Herdegen T, Waetzig V. Specific regulation of JNK signaling by the novel rat MKK7γ1 isoform. Cell Signal 2010; 22: 1761-1772 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ1173-8]8 Guignabert C, Dorfmuller P. Pathology and pathobiology of pulmonary hypertension. Semin Respir Crit Care Med 2013; 34: 551-559 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: RZ1173-9]9 Roy S, Khanna S, Krishnaraju AV, Subbaraju GV, Yasmin T, Bagchi D, Sen CK. Regulation of vascular responses to inflammation: inducible matrix metalloproteinase-3 expression in human microvascular endothelial cells is sensitive to antiinflammatory Boswellia
        . Antioxid Redox Signal 2006; 8: 653-660 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ1173-10]10 Roy S, Khanna S, Shah H, Rink C, Phillips C, Preuss H, Subbaraju GV, Trimurtulu G, Krishnaraju AV, Bagchi M, Bagchi D, Sen CK. Human genome screen to identify the genetic basis of the anti-inflammatory effects of Boswellia in microvascular endothelial cells. DNA Cell Biol 2005; 24: 244-255 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ1173-11]11 Terrier B, Tamby MC, Camoin L, Guilpain P, Broussard C, Bussone G, Yaïci A, Hotellier F, Simonneau G, Guillevin L, Humbert M, Mouthon L. Identification of target antigens of antifibroblast antibodies in pulmonary arterial hypertension. Am J Respir Crit Care Med 2008; 177: 1128-1134 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ1173-12]12 Misheva M, Kaur G, Ngoei KR, Yeap YY, Nq IH, Wagstaff KM, Nq DC, Jans DA, Bogoyevitch MA. Intracellular mobility and nuclear trafficking of the stress-activated kinase JNK1 are impeded by hyperosmotic stress. Biochim Biophys Acta 2014; 1843: 253-264 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ1173-13]13 Latifah MM, Kilarkaje N. Mitogen-activated protein kinasesignaling and its association with oxidative stress and apoptosis in Lead-exposed hepatocytes. Environ Toxicol 2015; 30: 513-529 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ1173-14]14 Deobagkar-Lele M, Victor ES, Nandi D. c-Jun NH2-terminal kinase is a critical node in the death of CD4+CD8+ thymocytes during Salmonella enterica serovar Typhimurium infection. Eur J Immunol 2014; 44: 137-149 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ1173-15]15 Ngoei KR, Catimel B, Church N, Lio DS, Dogovski C, Perugini MA, Watt PM, Cheng HC, Ng DC, Bogoyevitch MA. Characterization of a novel JNK (c-Jun N-terminal kinase) inhibitory peptide. Biochem J 2011; 434: 399-413 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ1173-16]16 Ma J, Zhang L, Han W, Shen T, Ma C, Liu Y, Nie X, Liu M, Ran Y, Zhu D. Activation of JNK/c-Jun is required for the proliferation, survival, and angiogenesis induced by EET in pulmonary artery endothelial cells. J Lipid Res 2012; 53: 1093-1105 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ1173-17]17 Chen QQ, Li DC, Ren J, Li CH, Xiao ZX. MUC1 activates JNK1 and inhibits apoptosis under genotoxic stress. Biochem Biophys Res Commun 2013; 440: 179-183 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ1173-18]18 Alcantara EH, Shin MY, Feldmann J, Nixon GF, Beattie JH, Kwun IS. Long-term zinc deprivation accelerates rat vascular smooth muscle cell proliferation involving the down-regulation of JNK1/2 expression in MAPK signaling. Atherosclerosis 2013; 228: 46-52 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ1173-19]19 Braun F, Bertin-Ciftci JP, Gallouet AS, Millour J, Juin P. Serum-nutrient starvation induces cell death mediated by Bax and Puma that is counteracted by p 21 and unmasked byBcl-x (L) inhibition. PLoS One 2011; 6: e23577 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ1173-20]20 He M, Sun HG, Hao JY, Li YL, Yu JK, Yan YY, Zhao L, Li N, Wang Y, Bai XF, Yu ZJ, Zheng ZH, Mi XY, Wang EH, Wei MJ. RNA interference-mediated FANCF silencing sensitizes OVCAR3 ovarian cancer cells to adriamycin through increased adriamycin-induced apoptosis dependent on JNK activation. Oncol Rep 2013; 29: 1721-1729 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ1173-21]21 Tien YC, Lin JY, Lai CH, Kuo CH, Lin WY, Tsai CH, Tsai FJ, Cheng YC, Peng WH, Huang CY. 
          Carthamus tinctorius L. prevents LPS-induced TNFα signaling activation and cell apoptosis through JNK1/2-NFκB pathway inhibition in H9c2 cardiomyoblast cells. J Ethnopharmacol 2010; 130: 505-513 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ1173-22]22 Jin HM, Wang JZ. Pathophysiology: Textbook, 7th edition. Beijing: Peopleʼs Medical Publishing House; 2008: 80-81 





Google Scholar





	
[bookmark: RZ1173-23]23 Jin HF, Du SX, Zhao X, Wei HL, Wang YF, Liang YF, Tang CS, Du JB. Effects of endogenous sulfur dioxide on monocrotaline-induced pulmonary hypertension in rats. Acta Pharmacol Sin 2008; 29: 1157-1166 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ1173-24]24 Ma QL, Zhang GG, Peng J. Vascular peroxidase 1: a novel enzyme in promoting oxidative stress in cardiovascular system. Trends Cardiovasc Med 2013; 23: 179-183 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ1173-25]25 Morita T, Perrella MA, Lee ME, Kourembanas S. Smooth muscle cell-derived carbon monoxide is a regulator of vascular cGMP. Proc Natl Acad Sci U S A 1995; 92: 1475-1479 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ1173-26]26 Morecroft L, White K, Caruso PL, Nilsen M, Loughlin L, Alba R, Reynolds PN, Danilov SM, Baker AH, Maclean MR. Gene therapy by targeted adenovirus-mediated knockdown of pulmonary endothelial Tph1 attenuates hypoxia-induced pulmonary hypertension. Mol Ther 2012; 20: 1516-1528 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ1173-27]27 Wang J, Juhaszova M, Rubin LJ, Yuan XJ. Hypoxia inhibits gene expression of voltage-gated K+ channel α subunits in pulmonary artery smooth muscle cells. J Clin Invest 1997; 100: 2347-2353 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ1173-28]28 Yuan QH, Zhao SD, Wang FW, Zhang H, Chen ZJ, Wang JT, Wang Z, Dua ZX, Ling EA, Liu Q, Hao AJ. Palmitic acid increases apoptosis of neural stem cells via activating c-Jun N-terminal kinase. Stem Cell Res 2013; 10: 257-266 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ1173-29]29 Wang W, Liu J, Ma AP, Miao R, Jin YL, Zhang HB, Xu KF, Wang C, Wang J. mTORC1 is involved in hypoxia-induced pulmonary hypertension through the activation of Notch3. J Cell Physiol 2014; 229: 2117-2125 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ1173-30]30 Gai XY, Tang F, Ma J, Zeng KW, Wang SL, Wang YP, Wuren TN, Lu DX, Zhou Y, Ge RL. Antiproliferative effect of echinacoside on rat pulmonary artery smooth muscle cells under hypoxia. J Pharmacol Sci 2014; 126: 155-163 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ1173-31]31 Yuan XJ. Voltage-gated K+ currents regulate resting membrane potential and [Ca2+]i in pulmonary arterial myocytes. Circ Res 1995; 77: 370-378 





CrossrefPubMedGoogle Scholar










 

	
Supplementary Material





	
Supporting Information











    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

  
    
      ©  Georg Thieme Verlag KG | 
      
      
        Imprint |
        Privacy policy statement |
      
      Smartphone Version
      

      
        Your Current IP Address: 34.207.100.160
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  