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Abstract

          
Salviaolate is a group of depside salts isolated from Danshen (a traditional Chinese herbal medicine), with ≥ 85 % of magnesium lithospermate B. This study aims to investigate whether salviaolate is able to protect the rat brain from ischemia/reperfusion injury and the underlying mechanisms. Rats were subjected to 2 h of cerebral ischemia and 24 h of reperfusion to establish an ischemia/reperfusion injury model. The neuroprotective effects of salviaolate at different dosages were evaluated. A dosage (25 mg/kg) was chosen to explore the neuroprotective mechanisms of salviaolate. Neurological function, infarct volume, cellular apoptosis, nicotinamide adenine dinucleotide phosphate-oxidase activity, and H2O2 content were measured. In a nerve cell model of hypoxia/reoxygenation injury, magnesium lithospermate B was applied. Cellular apoptosis, lactate dehydrogenase, nicotinamide adenine dinucleotide phosphate-oxidase activity, and H2O2 content were examined. Ischemia/reperfusion treatment significantly increased the neurological deficit score, infarct volume, and cellular apoptosis accompanied by the elevated nicotinamide adenine dinucleotide phosphate-oxidase activity and H2O2 content in the rat brains. Administration of salviaolate reduced ischemia/reperfusion-induced cerebral injury in a dose-dependent manner concomitant with a decrease in nicotinamide adenine dinucleotide phosphate-oxidase activity and H2O2 production. Magnesium lithospermate B (20 mg/kg) and edaravone (6 mg/kg, the positive control) achieved the same beneficial effects as salviaolate did. In the cell experiments, the injury (indicated by apoptosis ratio and lactate dehydrogenase release), nicotinamide adenine dinucleotide phosphate-oxidase activity and H2O2 content were dramatically increased following hypoxia/reoxygenation, which were attenuated in the presence of magnesium lithospermate B (10−5 M), VAS2870 (nicotinamide adenine dinucleotide phosphate-oxidase inhibitor), or edaravone (10−5 M). The results suggest that salviaolate is able to protect the brain from ischemia/reperfusion oxidative injury, which is related to the inhibition of nicotinamide adenine dinucleotide phosphate-oxidase and a reduction of reactive oxygen species production.

        

      


        
[bookmark: N11107]
Key words

        
          
Salvia miltiorrhiza
         - 
        Lamiaceae - 
        salviaolate - 
        magnesium lithospermate B - 
        Danshen - 
        ischemia/reperfusion - 
        NADPH oxidase
      

[bookmark: FN0118-1]
        

* These authors contributed equally to this work.

      




      
[bookmark: N114CC]
Supporting Information

      
	
Supporting Information



    







 

[bookmark: ]

[bookmark: N114E2]
	
References


	
[bookmark: RZ0118-1]1 Zhou L, Zuo Z, Chow MS. Danshen: an overview of its chemistry, pharmacology, pharmacokinetics, and clinical use. J Clin Pharmacol 2005; 45: 1345-1359 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ0118-2]2 Cheng TO. Cardiovascular effects of Danshen. Int J Cardiol 2007; 121: 9-22 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ0118-3]3 Li MH, Chen JM, Peng Y, Wu Q, Xiao PG. Investigation of Danshen and related medicinal plants in China. J Ethnopharmacol 2008; 120: 419-426 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ0118-4]4 Chang YP, Zhang H, Xie YM, Zeng XB, Hu J, Zhuang Y. [Analysis of salvianolate injection combined with usual drugs in treatment of coronary heart disease in real world]. Zhongguo Zhong Yao Za Zhi 2013; 38: 3186-3189 





PubMedGoogle Scholar





	
[bookmark: RZ0118-5]5 Wu WY, Wang YP. Pharmacological actions and therapeutic applications of Salvia miltiorrhiza depside salt and its active components. Acta Pharmacol Sin 2012; 33: 1119-1130 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ0118-6]6 Quan W, Wu B, Bai Y, Zhang X, Yin J, Xi M, Guan Y, Shao Q, Chen Y, Wu Q, Wen A. Magnesium lithospermate B improves myocardial function and prevents simulated ischemia/reperfusion injury-induced H9c2 cardiomyocytes apoptosis through Akt-dependent pathway. J Ethnopharmacol 2014; 151: 714-721 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ0118-7]7 Quan W, Wei G, Zhou D, Zhu Y, Guo C, Wang Y, Weng Y, Xi M, Wen A. Magnesium lithospermate B reduces myocardial ischemia/reperfusion injury in rats via regulating the inflammation response. Pharm Biol 2013; 51: 1355-1362 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ0118-8]8 Qu J, Ren X, Hou RY, Dai XP, Zhao YC, Xu XJ, Zhang W, Zhou G, Zhou HH, Liu ZQ. The protective effect of magnesium lithospermate B against glucose-induced intracellular oxidative damage. Biochem Biophys Res Commun 2011; 411: 32-39 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ0118-9]9 Kim SH, Kim SH, Choi M, Lee Y, Kim YO, Ahn DS, Kim YH, Kang ES, Lee EJ, Jung M, Cho JW, Williams DR, Lee HC. Natural therapeutic magnesium lithospermate B potently protects the endothelium from hyperglycaemia-induced dysfunction. Cardiovasc Res 2010; 87: 713-722 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ0118-10]10 Li XF, Wang YP. Depside salts from Salvia miltiorrhiza improve myocardial microperfusion in rats using laser Doppler flowmetry. Acta Pharmacol Sin 2007; 28: 789-795 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ0118-11]11 Quan W, Yin Y, Xi M, Zhou D, Zhu Y, Guan Y, Guo C, Wang Y, Duan J, Wen A. Antioxidant properties of magnesium lithospermate B contribute to the cardioprotection against myocardial ischemia/reperfusion injury in vivo and in vitro
        . J Tradit Chin Med 2013; 33: 85-91 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ0118-12]12 Tzen JT, Jinn TR, Chen YC, Li FY, Cheng FC, Shi LS, She H, Chen BC, Hsieh V, Tu ML. Magnesium lithospermate B possesses inhibitory activity on Na+,K+-ATPase and neuroprotective effects against ischemic stroke. Acta Pharmacol Sin 2007; 28: 609-615 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ0118-13]13 Lassegue B, San Martin A, Griendling KK. Biochemistry, physiology, and pathophysiology of NADPH oxidases in the cardiovascular system. Circ Res 2012; 110: 1364-1390 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ0118-14]14 Matsushima S, Tsutsui H, Sadoshima J. Physiological and pathological functions of NADPH oxidases during myocardial ischemia-reperfusion. Trends Cardiovasc Med 2014; 24: 202-205 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ0118-15]15 Braunersreuther V, Montecucco F, Asrih M, Pelli G, Galan K, Frias M, Burger F, Quindere AL, Montessuit C, Krause KH, Mach F, Jaquet V. Role of NADPH oxidase isoforms NOX1, NOX2 and NOX4 in myocardial ischemia/reperfusion injury. J Mol Cell Cardiol 2013; 64: 99-107 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ0118-16]16 Meng X, Wang M, Wang X, Sun G, Ye J, Xu H, Sun X. Suppression of NADPH oxidase- and mitochondrion-derived superoxide by Notoginsenoside R1 protects against cerebral ischemia-reperfusion injury through estrogen receptor-dependent activation of Akt/Nrf2 pathways. Free Radic Res 2014; 48: 823-838 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ0118-17]17 Li X, Yu C, Lu Y, Gu Y, Lu J, Xu W, Xuan L, Wang Y. Pharmacokinetics, tissue distribution, metabolism, and excretion of depside salts from Salvia miltiorrhiza in rats. Drug Metab Dispos 2007; 35: 234-239 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ0118-18]18 Christophe M, Nicolas S. Mitochondria: a target for neuroprotective interventions in cerebral ischemia-reperfusion. Curr Pharm Des 2006; 12: 739-757 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ0118-19]19 Zhao H, Wang R, Tao Z, Yan F, Gao L, Liu X, Wang N, Min L, Jia Y, Zhao Y, Ji X, Luo Y. Activation of T-LAK-cell-originated protein kinase-mediated antioxidation protects against focal cerebral ischemia-reperfusion injury. FEBS J 2014; 281: 4411-4420 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ0118-20]20 Slemmer JE, Shacka JJ, Sweeney MI, Weber JT. Antioxidants and free radical scavengers for the treatment of stroke, traumatic brain injury and aging. Curr Med Chem 2008; 15: 404-414 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ0118-21]21 Chen RJ, Jinn TR, Chen YC, Chung TY, Yang WH, Tzen JT. Active ingredients in Chinese medicines promoting blood circulation as Na+/K+ -ATPase inhibitors. Acta Pharmacol Sin 2011; 32: 141-151 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ0118-22]22 Fang C, Ren X, Zhou H, Gong ZC, Shen L, Bai J, Yin JY, Qu J, Li XP, Zhou HH, Liu ZQ. Effects of eNOS rs1799983 and ACE rs4646994 polymorphisms on the therapeutic efficacy of salvianolate injection in Chinese patients with coronary heart disease. Clin Exp Pharmacol Physiol 2014; 41: 558-564 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ0118-23]23 Wang Z, Wei X, Liu K, Zhang X, Yang F, Zhang H, He Y, Zhu T, Li F, Shi W, Zhang Y, Xu H, Liu J, Yi F. NOX2 deficiency ameliorates cerebral injury through reduction of complexin II-mediated glutamate excitotoxicity in experimental stroke. Free Radic Biol Med 2013; 65: 942-951 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ0118-24]24 Yang ZB, Tan B, Li TB, Lou Z, Jiang JL, Zhou YJ, Yang J, Luo XJ, Peng J. Protective effect of vitexin compound B-1 against hypoxia/reoxygenation-induced injury in differentiated PC12 cells via NADPH oxidase inhibition. Naunyn Schmiedebergs Arch Pharmacol 2014; 387: 861-871 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ0118-25]25 ten Freyhaus H, Huntgeburth M, Wingler K, Schnitker J, Baumer AT, Vantler M, Bekhite MM, Wartenberg M, Sauer H, Rosenkranz S. Novel Nox inhibitor VAS2870 attenuates PDGF-dependent smooth muscle cell chemotaxis, but not proliferation. Cardiovasc Res 2006; 71: 331-341 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ0118-26]26 Sun QA, Hess DT, Wang B, Miyagi M, Stamler JS. Off-target thiol alkylation by the NADPH oxidase inhibitor 3-benzyl-7-(2-benzoxazolyl) thio-1,2,3-triazolo[4,5-d] pyrimidine (VAS2870). Free Radic Biol Med 2012; 52: 1897-1902 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ0118-27]27 Ahmad A, Khan MM, Javed H, Raza SS, Ishrat T, Khan MB, Safhi MM, Islam F. Edaravone ameliorates oxidative stress associated cholinergic dysfunction and limits apoptotic response following focal cerebral ischemia in rat. Mol Cell Biochem 2012; 367: 215-225 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ0118-28]28 Nakase T, Yoshioka S, Suzuki A. Free radical scavenger, edaravone, reduces the lesion size of lacunar infarction in human brain ischemic stroke. BMC Neurol 2011; 11: 39 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ0118-29]29 Wu S, Sena E, Egan K, Macleod M, Mead G. Edaravone improves functional and structural outcomes in animal models of focal cerebral ischemia: a systematic review. Int J Stroke 2014; 9: 101-106 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ0118-30]30 Lapchak PA. A critical assessment of edaravone acute ischemic stroke efficacy trials: is edaravone an effective neuroprotective therapy?. Expert Opin Pharmacother 2011; 11: 1753-1763 





PubMedGoogle Scholar





	
[bookmark: RZ0118-31]31 Fu SH, Zhang HF, Yang ZB, Li TB, Liu B, Lou Z, Ma QL, Luo XJ, Peng J. Alda-1 reduces cerebral ischemia/reperfusion injury in rat through clearance of reactive aldehydes. Naunyn Schmiedebergs Arch Pharmacol 2014; 387: 87-94 





CrossrefPubMedGoogle Scholar





	
[bookmark: RZ0118-32]32 Zhang HF, Li TB, Liu B, Lou Z, Zhang JJ, Peng JJ, Zhang XJ, Ma QL, Peng J, Luo XJ. Inhibition of myosin light chain kinase reduces NADPH oxidase-mediated oxidative injury in rat brain following cerebral ischemia/reperfusion. Naunyn Schmiedebergs Arch Pharmacol, DOI: 10.1007/s00210-015-1125-2. advance online publication 29 April 2015 





PubMedGoogle Scholar










 

	
Supplementary Material





	
Supporting Information











    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 3.215.186.75
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  