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                    Abstract
ischaemic stroke accounts for almost 11% of all deaths worldwide and has a high incidence of permanent disability among patients. Baicalein has many beneficial pharmacological properties, including anti-inflammatory and anti-oxidant effects. However, the neuroprotective effect of baicalein is still unclear. The current study scrutinizes the neuroprotective effect of baicalein against the ischaemic/reperfusion (I/R) injury via alteration of the nuclear factor kappa B (NF-kB) and AMP-activated protein kinase/nuclear factor erythroid 2-related factor 2 AMPK/Nrf2 signaling pathway. Wistar rats were used for the current study. In rats, I/R injury was caused by transient occlusion of the middle cerebral artery for 1 h accompanied by reperfusion for 24 h. The rats were divided into different groups and treated with the different doses of baicalein (2.5, 5 and 10 mg/kg). The effects of baicalein on the murine neurological function were determined via infarct volume, neurological defect scores, and brain water content. The -inflammatory cytokines and oxidative stress were estimated in the region of the cortical along with the expression of apoptosis markers, such as B-cell lymphoma 2, Bax, and caspase-3. Quantitative reverse transcription polymerase chain reaction was used for the estimation of the NF-kB, cyclooxygenase-2 (COX-2), prostaglandin E2 (PGE2) and lectin-like oxidized low-density lipoprotein receptor-1 (LOX-1) expression. Baicalein significantly (p < 0.001) ameliorated the infarction volume, brain water content, and neurological outcome, and the malondialdehyde level, and reduced the level of interleukin-1β, interleukin-6, tumor necrosis factor-α, superoxide dismutase, glutathione, and catalase in a dose-dependent manner. Baicalein significantly (p < 0.001) altered the expression of COX-2, PGE2, LOX-1 and NF-kB as compared to I/R control group rats. Baicalein significantly reduced the Nrf2 and AMPK levels, and protected the rat brain against the I/R injury, suggesting a neuroprotective effect via down-regulation of NF-kB and LOX-1 expression and the AMPK/Nrf2 pathway.
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	I/R:
	
                    ischaemia/reperfusion

                  
	tMCAO:
	
                    Transient occlusion of the middle cerebral artery

                  
	NF-kB:
	
                    Nuclear factor kappa B

                  
	AMPK:
	
                    AMP-activated protein kinase

                  
	Nrf2:
	
                    Nuclear factor erythroid 2-related factor 2

                  
	Bcl-2:
	
                    B-cell lymphoma 2

                  
	COX-2:
	
                    Cyclooxygenase-2

                  
	PGE2:
	
                    Prostaglandin E2

                  
	LOX-1:
	
                    Lectin-like oxidized low-density lipoprotein receptor-1

                  
	IL-1β:
	
                    Interleukin-1β

                  
	IL-6:
	
                    Interleukin-6

                  
	TNF-α:
	
                    Tumor necrosis factor-α

                  
	SOD:
	
                    Superoxide dismutase

                  
	GSH:
	
                    Glutathione

                  
	CAT:
	
                    Catalase

                  
	CIR:
	
                    Cerebral ischaemic stroke

                  
	MMPs:
	
                    Metalloproteinases

                  
	ROS:
	
                    Reactive oxygen species

                  
	DMEM:
	
                    Dulbecco's modified Eagle's medium

                  
	OGD:
	
                    Oxygen–glucose deprivation

                  
	LDH:
	
                    Lactate dehydrogenase

                  
	PBS:
	
                    Phosphate buffer saline

                  
	GSH-Px:
	
                    Glutathione peroxidase

                  
	8-OHdG:
	
                    8-Hydroxy-2′-deoxyguanosine

                  
	ATP:
	
                    Adenosine triphosphate

                  
	NOS:
	
                    Nitric oxide

                  
	MAPKs:
	
                    Mitogen-activated protein kinases

                  
	AMPK:
	
                    Adenosine monophosphate-activated protein kinase

                  



References
	Alfieri A, Srivastava S, Siow RCM et al (2013) Sulforaphane preconditioning of the Nrf2/HO-1 defense pathway protects the cerebral vasculature against blood-brain barrier disruption and neurological deficits in stroke. Free Radic Biol Med. https://doi.org/10.1016/j.freeradbiomed.2013.08.190
Article 
    PubMed 
    
                    Google Scholar 
                

	Birben E, Sahiner UM, Sackesen C et al (2012) Oxidative stress and antioxidant defense. World Allergy Organ J 5:9–19. https://doi.org/10.1097/WOX.0b013e3182439613
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Chang CC, Wang Y-H, Chern CMC (2011)  Prodigiosin inhibits gp91phox and iNOS expression to protect mice against the oxidative/nitrosative brain injury induced by hypoxia-ischemia. Toxicol Appl Pharmacol 257:137–147
Article 
    CAS 
    
                    Google Scholar 
                

	Cheng Y, Ping J, Xu HD et al (2006) Synergistic effect of a noval oxymatrine-baicalin combination against hepatitis B virus replication, α smooth muscle actin expression and type I collagen synthesis in vitro. World J Gastroenterol. https://doi.org/10.3748/wjg.v12.i32.5153
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Cheng CY, Su SY, Tang NY et al (2008) Ferulic acid provides neuroprotection against oxidative stress-related apoptosis after cerebral ischemia/reperfusion injury by inhibiting ICAM-1 mRNA expression in rats. Brain Res. https://doi.org/10.1016/j.brainres.2008.02.090
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Chien MY, Chuang CH, Chern CM et al (2016) Salvianolic acid A alleviates ischemic brain injury through the inhibition of inflammation and apoptosis and the promotion of neurogenesis in mice. Free Radic Biol Med. https://doi.org/10.1016/j.freeradbiomed.2016.09.006
Article 
    PubMed 
    
                    Google Scholar 
                

	Collino M, Aragno M, Mastrocola R et al (2006) Oxidative stress and inflammatory response evoked by transient cerebral ischemia/reperfusion: effects of the PPAR-α agonist WY14643. Free Radic Biol Med. https://doi.org/10.1016/j.freeradbiomed.2006.04.030
Article 
    PubMed 
    
                    Google Scholar 
                

	Gill R, Tsung A, Billiar T (2010) Linking oxidative stress to inflammation: toll-like receptors. Free Radic Biol Med 48:1121–1132
Article 
    CAS 
    
                    Google Scholar 
                

	Gong G, Yin L, Yuan L et al (2018) Ganglioside GM1 protects against high altitude cerebral edema in rats by suppressing the oxidative stress and inflammatory response via the PI3K/AKT-Nrf2 pathway. Mol Immunol. https://doi.org/10.1016/j.molimm.2018.02.001
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	He J, Li H, Li G, Yang L (2019) Hyperoside protects against cerebral ischemia-reperfusion injury by alleviating oxidative stress, inflammation and apoptosis in rats. Biotechnol Biotechnol Equip. https://doi.org/10.1080/13102818.2019.1620633
Article 
    
                    Google Scholar 
                

	Huang J, Upadhyay UM, Tamargo RJ (2006) Inflammation in stroke and focal cerebral ischemia. Surg Neurol. https://doi.org/10.1016/j.surneu.2005.12.028
Article 
    PubMed 
    
                    Google Scholar 
                

	Iadecola C (2010) The overlap between neurodegenerative and vascular factors in the pathogenesis of dementia. Acta Neuropathol 120:287–296
Article 
    
                    Google Scholar 
                

	Iadecola C, Alexander M (2001) Cerebral ischemia and inflammation. Curr Opin Neurol 14:89–94
Article 
    CAS 
    
                    Google Scholar 
                

	Jia L, Chen Y, Tian YH, Zhang G (2018) MAPK pathway mediates the anti-oxidative effect of chicoric acid against cerebral ischemia-reperfusion injury in vivo. Exp Ther Med. https://doi.org/10.3892/etm.2017.5598
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Jin R, Yang G, Li G (2010) Inflammatory mechanisms in ischemic stroke: role of inflammatory cells. J Leukoc Biol. https://doi.org/10.1189/jlb.1109766
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Jung SH, Kang KD, Ji D et al (2008) The flavonoid baicalin counteracts ischemic and oxidative insults to retinal cells and lipid peroxidation to brain membranes. Neurochem Int. https://doi.org/10.1016/j.neuint.2008.09.004
Article 
    PubMed 
    
                    Google Scholar 
                

	Lakhan SE, Kirchgessner A, Hofer M (2009) Inflammatory mechanisms in ischemic stroke: Therapeutic approaches. J Transl Med 7:97
Article 
    
                    Google Scholar 
                

	Li BQ, Fu T, Yan YS et al (1993) Inhibition of HIV infection by Baicalin-A flavonoid compound purified from Chinese herbal medicine. Cell Mol Biol Res. 39:119–124
CAS 
    PubMed 
    
                    Google Scholar 
                

	Li K, Ding D, Zhang M (2016) Neuroprotection of osthole against cerebral ischemia/reperfusion injury through an anti-apoptotic pathway in rats. Biol Pharm Bull. https://doi.org/10.1248/bpb.b15-00699
Article 
    PubMed 
    
                    Google Scholar 
                

	Liu C, Wu J, Xu K et al (2010) Neuroprotection by baicalein in ischemic brain injury involves PTEN/AKT pathway. J Neurochem. https://doi.org/10.1111/j.1471-4159.2009.06561.x
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Liu ZJ, Liu W, Liu L et al (2013) Curcumin protects neuron against cerebral ischemia-induced inflammation through improving PPAR-gamma function. Evid Based Complement Altern Med. https://doi.org/10.1155/2013/470975
Article 
    
                    Google Scholar 
                

	Love S (2006) Oxidative stress in brain ischemia. Brain Pathol. https://doi.org/10.1111/j.1750-3639.1999.tb00214.x
Article 
    
                    Google Scholar 
                

	Ohsawa I, Ishikawa M, Takahashi K et al (2007) Hydrogen acts as a therapeutic antioxidant by selectively reducing cytotoxic oxygen radicals. Nat Med. https://doi.org/10.1038/nm1577
Article 
    PubMed 
    
                    Google Scholar 
                

	Saad MA, Abdel Salam RM, Kenawy SA, Attia AS (2015) Pinocembrin attenuates hippocampal inflammation, oxidative perturbations and apoptosis in a rat model of global cerebral ischemia reperfusion. Pharmacol Rep. https://doi.org/10.1016/j.pharep.2014.08.014
Article 
    PubMed 
    
                    Google Scholar 
                

	Salminen A, Hyttinen JMT, Kaarniranta K (2011) AMP-activated protein kinase inhibits NF-κB signaling and inflammation: Impact on healthspan and lifespan. J Mol Med 89:667–676
Article 
    CAS 
    
                    Google Scholar 
                

	Shen YC, Wang YH, Chou YC et al (2008) Dimemorfan protects rats against ischemic stroke through activation of sigma-1 receptor-mediated mechanisms by decreasing glutamate accumulation. J Neurochem. https://doi.org/10.1111/j.1471-4159.2007.05058.x
Article 
    PubMed 
    
                    Google Scholar 
                

	Shi YS, Zhang Y, Liu B et al (2019) Nomilin protects against cerebral ischemia-reperfusion induced neurological deficits and blood-brain barrier disruption: Via the Nrf2 pathway. Food Funct. https://doi.org/10.1039/c9fo01481k
Article 
    PubMed 
    
                    Google Scholar 
                

	Shin WH, Park SJ, Kim EJ (2006) Protective effect of anthocyanins in middle cerebral artery occlusion and reperfusion model of cerebral ischemia in rats. Life Sci. https://doi.org/10.1016/j.lfs.2005.12.033
Article 
    PubMed 
    
                    Google Scholar 
                

	Stoll G, Jander S, Schroeter M (1998) Inflammation and glial responses in ischemic brain lesions. Prog Neurobiol. https://doi.org/10.1016/S0301-0082(98)00034-3
Article 
    PubMed 
    
                    Google Scholar 
                

	Tsai MJ, Wu PC, Bin HY et al (2012) Baicalein loaded in tocol nanostructured lipid carriers (tocol NLCs) for enhanced stability and brain targeting. Int J Pharm. https://doi.org/10.1016/j.ijpharm.2011.12.009
Article 
    PubMed 
    
                    Google Scholar 
                

	Vaibhav K, Shrivastava P, Javed H et al (2012) Piperine suppresses cerebral ischemia-reperfusion-induced inflammation through the repression of COX-2, NOS-2, and NF-κB in middle cerebral artery occlusion rat model. Mol Cell Biochem. https://doi.org/10.1007/s11010-012-1321-z
Article 
    PubMed 
    
                    Google Scholar 
                

	Wang Y, Luo J, Li SY (2019) Nano-curcumin simultaneously protects the blood-brain barrier and reduces M1 Microglial activation during cerebral ischemia-reperfusion injury. ACS Appl Mater Interfaces. https://doi.org/10.1021/acsami.8b20594
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Wicha P, Tocharus J, Janyou A et al (2017) Hexahydrocurcumin protects against cerebral ischemia/reperfusion injury, attenuates inflammation, and improves antioxidant defenses in a rat stroke model. PLoS ONE. https://doi.org/10.1371/journal.pone.0189211
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Xue X, Qu XJ, Yang Y et al (2010) Baicalin attenuates focal cerebral ischemic reperfusion injury through inhibition of nuclear factor κB p65 activation. Biochem Biophys Res Commun. https://doi.org/10.1016/j.bbrc.2010.11.042
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Xue J, Zhang X, Zhang C et al (2016) Protective effect of Naoxintong against cerebral ischemia reperfusion injury in mice. J Ethnopharmacol. https://doi.org/10.1016/j.jep.2016.02.022
Article 
    PubMed 
    
                    Google Scholar 
                

	Yamauchi K, Nakano Y, Imai T et al (2016) A novel nuclear factor erythroid 2-related factor 2 (Nrf2) activator RS9 attenuates brain injury after ischemia reperfusion in mice. Neuroscience. https://doi.org/10.1016/j.neuroscience.2016.07.035
Article 
    PubMed 
    
                    Google Scholar 
                

	Yang J, Su J, Wan F et al (2017) Tissue kallikrein protects against ischemic stroke by suppressing TLR4/NF-κB and activating Nrf2 signaling pathway in rats. Exp Ther Med. https://doi.org/10.3892/etm.2017.4614
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Yao Y, Chen L, Xiao J et al (2014) Chrysin protects against focal cerebral ischemia/reperfusion injury in mice through attenuation of oxidative stress and inflammation. Int J Mol Sci. https://doi.org/10.3390/ijms151120913
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Zandi K, Teoh BT, Sam SS et al (2012) Novel antiviral activity of baicalein against dengue virus. BMC Complement Altern Med. https://doi.org/10.1186/1472-6882-12-214
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Zhang S, Qi Y, Xu Y et al (2013) Protective effect of flavonoid-rich extract from Rosa laevigata Michx on cerebral ischemia-reperfusion injury through suppression of apoptosis and inflammation. Neurochem Int. https://doi.org/10.1016/j.neuint.2013.08.008
Article 
    PubMed 
    
                    Google Scholar 
                

	Zhao L, Xu L, Tao X et al (2016) Protective effect of the total flavonoids from rosa laevigata michx fruit on renal ischemia-reperfusion injury through suppression of oxidative stress and inflammation. Molecules. https://doi.org/10.3390/molecules21070952
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Zhou F, Wang M, Ju J et al (2019) Schizandrin a protects against cerebral ischemia-reperfusion injury by suppressing inflammation and oxidative stress and regulating the AMPK/Nrf2 pathway regulation. Am J Transl Res 11:199–209
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                


Download references




Acknowledgment
Hebei University's Affiliated Hospital, China, sponsored this research.


Author information
Author notes	Yu Yuan and Weidong Men contributed equally to this work and should be considered co-first authors.


Authors and Affiliations
	Neurosurgery, Affiliated Hospital of Hebei University, Baoding, 071000, Hebei, China
Yu Yuan, Weidong Men, Xiaosong Shan, Xiaoxia Qiao, Lianting Geng & Chunhui Li

	Emergency Department, Affiliated Hospital of Hebei University, Baoding, 071000, Hebei, China
Hexin Zhai


Authors	Yu YuanView author publications
You can also search for this author in
                        PubMed Google Scholar



	Weidong MenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Xiaosong ShanView author publications
You can also search for this author in
                        PubMed Google Scholar



	Hexin ZhaiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Xiaoxia QiaoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Lianting GengView author publications
You can also search for this author in
                        PubMed Google Scholar



	Chunhui LiView author publications
You can also search for this author in
                        PubMed Google Scholar





Contributions
YY, WM, HZ and CL organized the experiments; WM performed the experiments; HZ analyzed the data. All the authors equally wrote the paper.
Corresponding author
Correspondence to
                Chunhui Li.


Ethics declarations

              
              
                Conflicts of interest

                All the author declares none conflict of interest.

              
            

Additional information
Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


Rights and permissions
Reprints and permissions


About this article
       



Cite this article
Yuan, Y., Men, W., Shan, X. et al. Baicalein exerts neuroprotective effect against ischaemic/reperfusion injury via alteration of NF-kB and LOX and AMPK/Nrf2 pathway.
                    Inflammopharmacol 28, 1327–1341 (2020). https://doi.org/10.1007/s10787-020-00714-6
Download citation
	Received: 01 March 2020

	Accepted: 24 April 2020

	Published: 16 May 2020

	Issue Date: October 2020

	DOI: https://doi.org/10.1007/s10787-020-00714-6


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Baicalein
	I/R rat
	Inflammation
	COX-2
	Oxidative stress
	NF-kB
	AMPK/Nrf2 pathway








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					3.86.243.72
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    