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                    Abstract
The outcome of peripheral nerve injury is often impaired by neuropathic pain, which is resistant to most analgesics and presents a serious clinical problem. The mechanisms underlying post-traumatic neuropathic pain remain unclear, but they are likely associated with the regeneration processes. Brain-derived neurotrophic factor (BDNF) is known to enhance peripheral nerve regeneration and is also considered to be an endogenous modulator of nociceptive responses following spinal cord lesion. The aim of this work was to examine the local effect of BDNF in a neuropathic pain model. Sciatic nerves of adult male rats were transected and supplied with connective tissue chambers filled with (1) fibrin only, (2) fibrin with BDNF, or (3) fibrin with antibodies against BDNF. In control animals the nerve was transected and no chamber was applied. During follow-up, autotomy behavior was assessed. Seven weeks after the operation, the number of surviving and regenerating neurons in dorsal root ganglia was counted and the neuroma incidence was examined. We found that local inactivation of BDNF decreased the incidence as well as severity of autotomy and neuroma formation, but did not influence neuron regeneration into the chambers. These results indicate that BDNF plays a locally crucial role in neuropathic pain development after peripheral nerve injury.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    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
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ]


Fig. 3[image: ]


Fig. 4[image: ]


Fig. 5[image: ]


Fig. 6[image: ]


Fig. 7[image: ]


Fig. 8[image: ]


Fig. 9[image: ]


Fig. 10[image: ]


Fig. 11[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Maresin 1 promotes nerve regeneration and alleviates neuropathic pain after nerve injury
                                        
                                    

                                    
                                        Article
                                         Open access
                                         02 February 2022
                                    

                                

                                Jinhuan Wei, Wenfeng Su, … Gang Chen

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Effects of Taxol on Regeneration in a Rat Sciatic Nerve Transection Model
                                        
                                    

                                    
                                        Article
                                         Open access
                                         09 February 2017
                                    

                                

                                Shih-Tien Hsu, Chun-Hsu Yao, … Yueh-Sheng Chen

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Ectopic Muscle Expression of Neurotrophic Factors Improves Recovery After Nerve Injury
                                        
                                    

                                    
                                        Article
                                        
                                         18 September 2015
                                    

                                

                                Micaela Johanna Glat, Felix Benninger, … Daniel Offen

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Al-Qattan MM (1999) Self-mutilation in children with obstetric brachial plexus palsy. J Hand Surg [Br] 24:547–549
Article 
    CAS 
    
                    Google Scholar 
                

	Apfel SC, Wright DE, Wiideman AM, Dormia C, Snider WD, Kessler JA (1996) Nerve growth factor regulates the expression of brain-derived neurotrophic factor mRNA in the peripheral nervous system. Mol Cell Neurosci 7:134–142
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Barbacid M (1994) The Trk family and neurotrophin receptors. J Neurobiol 25:1386–1403
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Bennet DL (2001) Neurotrophic factors: important regulators of nociceptive function. Neuroscientist 7:13–17

                    Google Scholar 
                

	Bowsher D (2002) “Human autotomy”. Pain 95:187–189
Article 
    PubMed 
    
                    Google Scholar 
                

	Boyd JG, Gordon T (2002) A dose-dependent facilitation and inhibition of peripheral nerve regeneration by brain-derived neurotrophic factor. Eur J Neurosci 15:613–626
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Coull JA, Beggs S, Boudreau D, Boivin D, Tsuda M, Inoue K, Gravel C, Salter MW, De Koninck Y (2005) BDNF from microglia causes the shift in neuronal anion gradient underlying neuropathic pain. Nature 438:1017–1021
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Eaton MJ, Blits B, Ruitenberg MJ, Verhaagen J, Oudega M (2002) Amelioration of chronic neuropathic pain after partial nerve injury by adeno-associated viral (AVV) vector-mediated over-expression of BDNF in the rat spinal cord. Gene Ther 9:1387–1395
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Fukuoka T, Kondo E, Dai Y, Hashimoto N, Noguchi K (2001) Brain-derived neurotrophic factor increases in the uninjured dorsal root ganglion neurons in selective spinal nerve ligation model. J Neurosci 21:4891–4900
PubMed 
    CAS 
    
                    Google Scholar 
                

	Kennedy JM, Pochodne DW (2004) Heightened pain and delayed regeneration of galanin axons in diabetic mice. Neuroreport 15:807–810
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Kerr BJ, Bradbury EJ, Bennett DL, Trivedi PM, Dassan P, French J, Shelton DB, McMahon SB, Thompson WE (1999) Brain-derived neurotrophic factor modulates nociceptive sensory inputs and NMDA-evoked responses in the rat spinal cord. J Neurosci 19:5138–5148
PubMed 
    CAS 
    
                    Google Scholar 
                

	Kryger GS, Kryger Z, Zhang F, Shelton DL, Lineaweaver WC, Buncke HJ (2001) Nerve growth factor inhibition prevents traumatic neuroma formation in the rat. J Hand Surg [Am] 26:635–644
Article 
    CAS 
    
                    Google Scholar 
                

	Lewin GR, Barde YA (1996) Physiology of the neurotrophins. Annu Rev Neurosci 19:289–317
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Lewin-Kowalik J, Marcol W, Larysz-Brysz M, Wolwender K, Pietrucha-Dutczak M, Górka D (2002) Pre-degenerated peripheral nerve extracts applied to the proximal stump of transected sciatic nerve enhance both regeneration and autotomic behavior in rats. Med Sci Monit 8(10):BR414–BR420
PubMed 
    
                    Google Scholar 
                

	Ljungberg C, Novikov L, Kellerth JO, Ebendal T, Wiberg M (1999) The neurotrophins NGF and NT-3 reduce sensory neuronal loss in adult rats after peripheral nerve lesion. Neurosci Lett 262:29–32
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Marcol W, Lewin-Kowalik J, Gołka B, Larysz-Brysz M, Święch-Sabuda E, Matuszek I (2002) BDNF and NGF in activation modulates autotomy behaviour in rats (abstract). J Physiol Pharmacol 53(Suppl 1):22 Congress of the Polish Physiological Society, Bydgoszcz, p 61

                    Google Scholar 
                

	Marcol W, Kotulska K, Święch-Sabuda E, Larysz-Brysz M, Gołka B, Górka D, Lewin-Kowalik J (2003) Regeneration of sciatic nerves of adult rats induced by extracts from distal stumps of pre-degenerated peripheral nerves. J Neurosci Res 72:417–423
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Meyer M, Matsuoka I, Wetmore C, Olson L, Thoenen H (1992) Enhanced synthesis of brain-neurotrophic factor in the lesioned peripheral nerve: different mechanisms are responsible for the regulation of BDNF and NGF mRNA. J Cell Biol 119:45–54
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Michael G, Averill S, Nitkunan A, Rattray M, Bennett DL, Yan Q, Priestley JV (1997) Nerve growth factor treatment increases brain-derived neurotrophic factor selectively in TrkA-expressing dorsal root ganglion cells and in their central terminations within the spinal cord. J Neurosci 17:8476–8490
PubMed 
    CAS 
    
                    Google Scholar 
                

	Midha R, Munro CA, Dalton PD, Tator CH, Shoichet MS (2003) Growth factor enhancement of peripheral nerve regeneration through a novel synthetic hydrogel tube. J Neurosurg 99:555–566
Article 
    PubMed 
    
                    Google Scholar 
                

	Miki K, Fukuoka T, Tokunaga A, Kondo E, Dai Y, Noguchi K (2000) Differential effect of brain-derived neurotrophic factor on high-threshold mechanosensitivity in a rat neuropathic pain model. Neurosci Lett 278:85–88
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Obata K, Noguchi K (2006) BDNF in sensory neurons and chronic pain. Neurosci Res 55:1–10
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Petersen A, Larsen KE, Behr GG, Romero N, Przedborski S, Brundin P, Sulzer D (2001) Brain-derived neurotrophic factor inhibits apoptosis and dopamine-induced free radical production in striatal neurons but does not prevent cell death. Brain Res Bull 56:331–335
Article 
    CAS 
    
                    Google Scholar 
                

	Ro LS, Chen ST, Tang ML, Chang HS (1996) Local application of anti-NGF blocks the collateral sprouting in rats following chronic constriction injury of the sciatic nerve. Neurosci Lett 218:87–90
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Sakai Y, Ochi M, Ryoke K, Yamamoto DS (2005) Prevention and treatment of amputation neuroma by an atelocollagen tube in rat sciatic nerves. J Biomed Mater Res B Appl Biomater 73:355–360
PubMed 
    
                    Google Scholar 
                

	Shu XQ, Mendell LM (1999) Neurotrophins and hyperalgesia. Proc Natl Acad Sci USA 96:7693–7696
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Siuciak JA, Wong V, Pearsall D, Wiegand SJ, Lindsay RM (1995) BDNF produces analgesia in the formalin test and modifies neuropeptide levels in rat brain and spinal cord area associated with nociception. Eur J Neurosci 7:663–665
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Stoll G, Müller WH (1999) Nerve injury, axonal degeneration and neural regeneration: basic insights. Brain Pathol 9:313–325
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Thompson SW, Bennett DL, Kerr BJ, Bradbury EJ, McMahon SB (1999) Brain-derived neurotrophic factor is an endogenous modulator of nociceptive responses in the spinal cord. Proc Natl Acad Sci USA 96:7714–7718
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Wall PD, Devor M, Inbal R (1979) Autotomy following peripheral nerve lesions: experimental anesthesia dolorosa. Pain 7:103–113
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Willenbring S, DeLeo JA, Coombs DW (1994) Differential behavioral outcome in the sciatic cryoneurolysis model of neuropathic pain in rats. Pain 58:135–140
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Zhang JY, Luo XG, Xian CJ, Liu ZH, Zhou XF (2000) Endogenous BDNF is required for myelination and regeneration of injured sciatic nerve in rodents. Eur J Neurosci 12:4171–4180
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Zhou XF, Deng YS, Xian CJ, Zhong JH (2000) Neurotrophins from dorsal root ganglia trigger allodynia after spinal nerve injury in rats. Eur J Neurosci 12:100–105
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Zimmermann M (2001) Pathobiology of neuropathic pain. Eur J Pharmacol 429:23–37
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgement
The authors wish to thank Ms. Teresa Kwiatkowska and Mr. Jerzy Podsiadło for their excellent technical assistance.


Author information
Authors and Affiliations
	Department of Physiology, Medical University of Silesia, 18 Medyków St., 40-752, Katowice, Poland
Wiesław Marcol, Magdalena Larysz-Brysz & Joanna Lewin Kowalik

	Department of Neurology, The Children’s Memorial Health Institute, Warsaw, Poland
Katarzyna Kotulska


Authors	Wiesław MarcolView author publications
You can also search for this author in
                        PubMed Google Scholar



	Katarzyna KotulskaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Magdalena Larysz-BryszView author publications
You can also search for this author in
                        PubMed Google Scholar



	Joanna Lewin KowalikView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Wiesław Marcol.


Additional information
Comments
Luciano Mastronardi, Rome, Italy
This is a very interesting experimental study on an animal model of post-traumatic neuropathic pain after sciatic nerve transection in adult male rats. Marcol et al. investigate the role of brain-derived neurotrophic factor (BDNF) in the regeneration process of fibers and in neuroma formations. Local inactivation of BDNF seems to decrease the incidence and severity of autotomy and of neuroma formation, without interference on neuron regeneration. On the basis of their observation, the authors conclude that BDNF plays an important role in neuropathic pain development after peripheral nerve injury. If their observations are confirmed, this information could have a future role from the therapeutic point of view.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Marcol, W., Kotulska, K., Larysz-Brysz, M. et al. BDNF contributes to animal model neuropathic pain after peripheral nerve transection.
                    Neurosurg Rev 30, 235–243 (2007). https://doi.org/10.1007/s10143-007-0085-5
Download citation
	Received: 28 December 2006

	Accepted: 04 March 2007

	Published: 26 May 2007

	Issue Date: July 2007

	DOI: https://doi.org/10.1007/s10143-007-0085-5


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
	Autotomy behavior
	Neuropathic pain
	BDNF
	Neuroma
	Regeneration








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					44.192.75.148
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    