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Abstract

        
Diabetic patients develop ischemic heart disease and strokes more readily. Following an ischemic event, restoration of blood flow increases oxidative stress resulting in myocardial damage, termed ischemia/reperfusion injury. Aspalathus linearis (rooibos), rich in the antioxidant phenolic compound aspalathin, has been implicated as cardioprotective against ischemia/reperfusion injury with undefined mechanism in control rats. Primarily, the therapeutic potential of Afriplex green rooibos extract to prevent ischemia/reperfusion injury in cardiovascular disease-compromised rats was investigated. Additionally, Afriplex Green rooibos extractʼs cardioprotective signaling on metabolic markers and stress markers was determined using western blotting. Three hundred male Wistar rats received either 16-wk standard diet or high-caloric diet. During the final 6 wk, half received 60 mg/kg/day Afriplex green rooibos extract, containing 12.48% aspalathin. High-caloric diet increased body
					weight, body fat, fasting serum triglycerides, and homeostatic model assessment of insulin resistance – indicative of prediabetes. High-caloric diet rats had increased heart mass, infarct size, and decreased heart function. Afriplex green rooibos extract treatment for 6 wk lowered pre-ischemic heart rate, reduced infarct size, and improved heart function pre- and post-ischemia, without significantly affecting biometric parameters. Stabilized high-caloric diet hearts had decreased insulin independence via adenosine monophosphate activated kinase and increased inflammation (p38 mitogen-activated protein kinase), whereas Afriplex green rooibos extract treatment decreased insulin dependence (protein kinase B) and conferred anti-inflammatory effect. After 20 min ischemia, high-caloric diet hearts had upregulated ataxia–telangiectasia mutated kinase decreased insulin independence, and downregulated insulin dependence and glycogen synthase kinase 3 β inhibition. In
					contrast, Afriplex green rooibos extract supplementation downregulated insulin independence and inhibited extracellular signal-regulated kinase 1 and 2. During reperfusion, all protective signaling was decreased in high-caloric diet, while Afriplex green rooibos extract supplementation reduced oxidative stress (c-Jun N-terminal kinases 1 and 2) and inflammation. Taken together, Afriplex green rooibos extract supplementation for 6 wk preconditioned cardiovascular disease-compromised rat hearts against ischemia/reperfusion injury by lowering inflammation, oxidative stress, and heart rate. 
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Supporting Information

      

The authors added supplementary information beneficial for future research on either GRT or diet-induced prediabetic rat studies, as well as western blot and infarct size methodology. These include rationales for GRT dosage preparation, nutritional certificates of diets and treatment used, serum fatty acid composition, timelines of food and water intake, simplified diagrams of methodology and graphical analysis of all western blots used in this article. 

        
	
Supporting Information



    








[bookmark: info]
Publication History

Received: 11 April 2020


Accepted after revision: 11 August 2020


Article published online:
07 December 2020



© 2020. Thieme. All rights reserved.

Georg Thieme Verlag KG
Rüdigerstraße 14, 70469 Stuttgart, Germany




 

[bookmark: ]

[bookmark: N13CBA]
	
References


	
[bookmark: RE0373-1]1 
          World Health Organization. 
        Cardiovascular diseases. 2020 Accessed November 11, 2020 at: https://www.who.int/health-topics/cardiovascular-diseases/ 






PubMedGoogle Scholar





	
[bookmark: RE0373-2]2 
          
            Abdelaal M, 
          
          
            le Roux CW, 
          
          
            Docherty NG. 
          
        Morbidity and mortality associated with obesity. Ann Transl Med 2017; 5: 161 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-3]3 
          
            Sattur S, 
          
          
            Brener SJ, 
          
          
            Stone GW. 
          
        Pharmacologic therapy for reducing myocardial infarct size in clinical trials: failed and promising approaches. J Cardiovasc Pharmacol Ther 2015; 20: 21-35 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-4]4 
          
            Cohen MV, 
          
          
            Downey JM. 
          
        Signalling pathways and mechanisms of protection in pre- and postconditioning: historical perspective and lessons for the future. Br J Pharmacol 2015; 172: 1913-1932 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-5]5 
          
            Wu MY, 
          
          
            Yiang GT, 
          
          
            Liao WT, 
          
          
            Tsai APY, 
          
          
            Cheng YL, 
          
          
            Cheng PW, 
          
          
            Li CY, 
          
          
            Li CJ. 
          
        Current mechanistic concepts in ischemia and reperfusion injury. Cell Physiol Biochem 2018; 46: 1650-1667 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-6]6 
          
            Lahlou M. 
          
        The success of natural products in drug discovery. Pharmacol Pharm 2013; 04: 17-31 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-7]7 
          
            Smit S, 
          
          
            Johnson R, 
          
          
            Van Vuuren M, 
          
          
            Huisamen B. 
          
        Myocardial glucose clearance by aspalathin treatment in young, mature, and obese insulin-resistant rats. Planta Med 2018; 84: 75-82 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: RE0373-8]8 
          
            Akinrinmade O, 
          
          
            Omoruyi S, 
          
          
            Dietrich D, 
          
          
            Ekpo O. 
          
        Long-term consumption of fermented rooibos herbal tea offers neuroprotection against ischemic brain injury in rats. Acta Neurobiol Exp (Wars) 2017; 77: 94-105 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-9]9 
          
            Marnewick JL, 
          
          
            Rautenbach F, 
          
          
            Venter I, 
          
          
            Neethling H, 
          
          
            Blackhurst DM, 
          
          
            Wolmarans P, 
          
          
            Macharia M. 
          
        Effects of rooibos (Aspalathus linearis) on oxidative stress and biochemical parameters in adults at risk for cardiovascular disease. J Ethnopharmacol 2011; 133: 46-52 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-10]10 
          
            Pantsi WG, 
          
          
            Marnewick JL, 
          
          
            Esterhuyse AJ, 
          
          
            Rautenbach F, 
          
          
            Van Rooyen J. 
          
        Rooibos (Aspalathus linearis) offers cardiac protection against ischemia/reperfusion in the isolated perfused rat heart. Phytomedicine 2011; 18: 1220-1228 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-11]11 
          
            Kamakura R, 
          
          
            Son MJ, 
          
          
            de Beer D, 
          
          
            Joubert E, 
          
          
            Miura Y, 
          
          
            Yagasaki K. 
          
        Antidiabetic effect of green rooibos (Aspalathus linearis) extract in cultured cells and type 2 diabetic model KK-Aymice. Cytotechnology 2015; 67: 699-710 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-12]12 
          
            Muller CJF, 
          
          
            Malherbe CJ, 
          
          
            Chellan N, 
          
          
            Yagasaki K, 
          
          
            Miura Y, 
          
          
            Joubert E. 
          
        Potential of rooibos, its major C-glucosyl flavonoids, and Z-2-(β-D-glucopyranosyloxy)-3-phenylpropenoic acid in prevention of metabolic syndrome. Crit Rev Food Sci Nutr 2018; 58: 227-246 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-13]13 
          
            Johnson R, 
          
          
            de Beer D, 
          
          
            Dludla P, 
          
          
            Ferreira D, 
          
          
            Muller C, 
          
          
            Joubert E. 
          
        Aspalathin from rooibos (Aspalathus linearis): a bioactive C-glucosyl dihydrochalcone with potential to target the metabolic syndrome. Planta Med 2018; 84: 568-583 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: RE0373-14]14 
          
            Rossello X, 
          
          
            Yellon DM. 
          
        The RISK pathway and beyond. Basic Res Cardiol 2018; 113: 2 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-15]15 
          
            Xu XJ, 
          
          
            Valentine RJ, 
          
          
            Ruderman NB. 
          
        AMP-activated protein kinase (AMPK): does this master regulator of cellular energy state distinguish insulin sensitive from insulin resistant obesity?. Curr Obes Rep 2014; 3: 248-255 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-16]16 
          
            Li R, 
          
          
            Luo X, 
          
          
            Zhu Y, 
          
          
            Zhao L, 
          
          
            Li L, 
          
          
            Peng Q, 
          
          
            Ma M, 
          
          
            Gao Y. 
          
        ATM signals to AMPK to promote autophagy and positively regulate DNA damage in response to cadmium-induced ROS in mouse spermatocytes. Environ Pollut 2017; 231: 1560-1568 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-17]17 
          
            Mackenzie RW, 
          
          
            Elliott BT. 
          
        Akt/PKB activation and insulin signaling: a novel insulin signaling pathway in the treatment of type 2 diabetes. Diabetes Metab Syndr Obes 2014; 7: 55-64 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-18]18 
          
            Buscà R, 
          
          
            Pouysségur J, 
          
          
            Lenormand P. 
          
        ERK1 and ERK2 map kinases: specific roles or functional redundancy?. Front Cell Dev Biol 2016; 4: 1-23 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-19]19 
          
            Dhanasekaran DN, 
          
          
            Reddy P. 
          
        JNK signaling in apoptosis. Oncogene 2011; 27: 6245-6251 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-20]20 
          
            Kumphune S, 
          
          
            Surinkaew S, 
          
          
            Chattipakorn SC, 
          
          
            Chattipakorn N. 
          
        Inhibition of p38 MAPK activation protects cardiac mitochondria from ischemia/reperfusion injury. Pharm Biol 2015; 53: 1831-1841 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-21]21 
          
            Ghaderi S, 
          
          
            Alidadiani N, 
          
          
            Dilaver N, 
          
          
            Heidari HR, 
          
          
            Parvizi R, 
          
          
            Rahbarghazi R, 
          
          
            Soleimani-Rad J, 
          
          
            Baradaran B. 
          
        Role of glycogen synthase kinase following myocardial infarction and ischemia-reperfusion. Apoptosis 2017; 22: 887-897 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-22]22 
          
            Dai S, 
          
          
            Xu Q, 
          
          
            Liu S, 
          
          
            Yu B, 
          
          
            Liu J, 
          
          
            Tang J. 
          
        Role of autophagy and its signaling pathways in ischemia/reperfusion injury. Am J Transl Res 2017; 9: 4470-4480 





PubMedGoogle Scholar





	
[bookmark: RE0373-23]23 
          
            Oh SH, 
          
          
            Choi YB, 
          
          
            Kim JH, 
          
          
            Weihl CC, 
          
          
            Ju JS. 
          
        Quantification of autophagy flux using LC3 ELISA. Anal Biochem 2017; 530: 57-67 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-24]24 
          
            Schloms L, 
          
          
            Smith C, 
          
          
            Storbeck KH, 
          
          
            Marnewick JL, 
          
          
            Swart P, 
          
          
            Swart AC. 
          
        Rooibos influences glucocorticoid levels and steroid ratios in vivo and in vitro: a natural approach in the management of stress and metabolic disorders?. Mol Nutr Food Res 2014; 58: 537-549 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-25]25 
          
            Layman JI, 
          
          
            Pereira DL, 
          
          
            Chellan N, 
          
          
            Huisamen B, 
          
          
            Kotzé SH. 
          
        A histomorphometric study on the hepatoprotective effects of a green rooibos extract in a diet-induced obese rat model. Acta Histochem 2019; 121: 646-656 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-26]26 
          
            Sanderson M, 
          
          
            Mazibuko SE, 
          
          
            Joubert E, 
          
          
            de Beer D, 
          
          
            Johnson R, 
          
          
            Pheiffer C, 
          
          
            Louw J, 
          
          
            Muller CJF. 
          
        Effects of fermented rooibos (Aspalathus linearis) on adipocyte differentiation. Phytomedicine 2014; 21: 109-117 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-27]27 
          
            Salie R, 
          
          
            Huisamen B, 
          
          
            Lochner A. 
          
        High carbohydrate and high fat diets protect the heart against ischemia/reperfusion injury. Cardiovasc Diabetol 2014; 13: 1-12 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-28]28 
          
            Nduhirabandi F, 
          
          
            Huisamen B, 
          
          
            Strijdom H, 
          
          
            Lochner A. 
          
        Role of melatonin in glucose uptake by cardiomyocytes from insulin-resistant Wistar rats. Cardiovasc J Afr 2017; 28: 362-369 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-29]29 
          
            Son MJ, 
          
          
            Minakawa M, 
          
          
            Miura Y, 
          
          
            Yagasaki K. 
          
        Aspalathin improves hyperglycemia and glucose intolerance in obese diabetic ob/ob mice. Eur J Nutr 2013; 52: 1607-1619 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-30]30 
          
            Muller CJF, 
          
          
            Joubert E, 
          
          
            de Beer D, 
          
          
            Sanderson M, 
          
          
            Malherbe CJ, 
          
          
            Fey SJ, 
          
          
            Louw J. 
          
        Acute assessment of an aspalathin-enriched green rooibos (Aspalathus linearis) extract with hypoglycemic potential. Phytomedicine 2012; 20: 32-39 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-31]31 
          
            Miller N, 
          
          
            De Beer D, 
          
          
            Aucamp M, 
          
          
            Malherbe CJ, 
          
          
            Joubert E. 
          
        Inulin as microencapsulating agent improves physicochemical properties of spray-dried aspalathin-rich green rooibos (Aspalathus linearis) extract with α-glucosidase inhibitory activity. J Funct Foods 2018; 48: 400-409 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-32]32 
          
            Mikami N, 
          
          
            Tsujimura J, 
          
          
            Sato A, 
          
          
            Narasada A, 
          
          
            Shigeta M, 
          
          
            Kato M, 
          
          
            Hata S, 
          
          
            Hitomi E. 
          
        Green rooibos extract from Aspalathus linearis, and its component, aspalathin, suppress elevation of blood glucose levels in mice and inhibit α-amylase and α-glucosidase activities in vitro
        . Food Sci Technol Res 2015; 21: 231-240 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-33]33 
          
            Borer JS, 
          
          
            le Heuzey JY. 
          
        Characterization of the heart rate-lowering action of ivabradine, a selective If current inhibitor. Am J Ther 2008; 15: 461-473 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-34]34 
          
            Liu Z, 
          
          
            Cao W. 
          
        p38 mitogen-activated protein kinase: a critical node linking insulin resistance and cardiovascular diseases in type 2 diabetes mellitus. Endocr Metab Immune Disord Drug Targets 2009; 9: 38-46 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-35]35 
          
            Ku SK, 
          
          
            Kwak S, 
          
          
            Kim Y, 
          
          
            Bae JS. 
          
        Aspalathin and nothofagin from rooibos (Aspalathus linearis) inhibits high glucose-induced inflammation in vitro and in vivo
        . Inflammation 2015; 38: 445-455 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-36]36 
          
            Abozguia K, 
          
          
            Shivu GN, 
          
          
            Ahmed I, 
          
          
            Phan TT, 
          
          
            Frenneaux MP. 
          
        The heart metabolism: pathophysiological aspects in ischemia and heart failure. Curr Pharm Des 2009; 15: 827-835 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-37]37 
          
            Chang W, 
          
          
            Zhang M, 
          
          
            Li J, 
          
          
            Meng Z, 
          
          
            Xiao D, 
          
          
            Wei S, 
          
          
            Chen L, 
          
          
            Wang C, 
          
          
            Hatch GM. 
          
        Berberine attenuates ischemia-reperfusion injury via regulation of adenosine-5′-monophosphate kinase activity in both non-ischemic and ischemic areas of the rat heart. Cardiovasc Drugs Ther 2012; 26: 467-478 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-38]38 
          
            Qi D, 
          
          
            Young LH. 
          
        AMPK: energy sensor and survival mechanism in the ischemic heart. Trends Endocrinol Metab 2015; 26: 422-429 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-39]39 
          
            Hou WL, 
          
          
            Yin J, 
          
          
            Alimujiang M, 
          
          
            Yu XY, 
          
          
            Ai LG, 
          
          
            Bao YQ, 
          
          
            Liu F, 
          
          
            Jia WP. 
          
        Inhibition of mitochondrial complex I improves glucose metabolism independently of AMPK activation. J Cell Mol Med 2018; 22: 1316-1328 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-40]40 
          
            Chambers JW, 
          
          
            Pachori A, 
          
          
            Howard S, 
          
          
            Iqbal S, 
          
          
            LoGrasso PV. 
          
        Inhibition of JNK mitochondrial localization and signaling is protective against ischemia/reperfusion injury in rats. J Biol Chem 2013; 288: 4000-4011 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-41]41 
          
            Hasima N, 
          
          
            Ozpolat B. 
          
        Regulation of autophagy by polyphenolic compounds as a potential therapeutic strategy for cancer. Cell Death Dis 2014; 5: e1509 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-42]42 
          
            Patel O, 
          
          
            Muller C, 
          
          
            Joubert E, 
          
          
            Louw J, 
          
          
            Rosenkranz B, 
          
          
            Awortwe C. 
          
        Inhibitory interactions of Aspalathus linearis (rooibos) extracts and compounds, aspalathin and Z-2-(β-D-glucopyranosyloxy)-3-phenylpropenoic acid, on cytochromes metabolizing hypoglycemic and hypolipidemic drugs. Molecules 2016; 21 





PubMedGoogle Scholar





	
[bookmark: RE0373-43]43 
          
            Hon G, 
          
          
            Hassan M, 
          
          
            van Rensburg SJ, 
          
          
            Abel S, 
          
          
            Marais DW, 
          
          
            van Jaarsveld P, 
          
          
            Smuts C, 
          
          
            Henning F, 
          
          
            Erasmus R, 
          
          
            Matsha T. 
          
        Immune cell membrane fatty acids and inflammatory marker, C-reactive protein, in patients with multiple sclerosis. Br J Nutr 2009; 102: 1334-1340 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-44]44 
          
            Lochner A, 
          
          
            Genade S, 
          
          
            Moolman JA. 
          
        Ischemic preconditioning: infarct size is a more reliable endpoint than functional recovery. Basic Res Cardiol 2003; 98: 337-346 





CrossrefPubMedGoogle Scholar





	
[bookmark: RE0373-45]45 
          
            Kannengiesser GJ, 
          
          
            Opie LH, 
          
          
            van der Werff TJ. 
          
        Impaired cardiac work and oxygen uptake after reperfusion of regionally ischemic myocardium. J Mol Cell Cardiol 1979; 11: 197-207 





CrossrefPubMedGoogle Scholar










 

	
Supplementary Material





	
Supporting Information











    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 54.242.250.80
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  