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                    Abstract
The goal of this study was to compare the effects of electrical stimulation using pulsed current (PC) and premodulated interferential current (IC) on prevention of muscle atrophy in the deep muscle layer of the calf. Rats were randomly divided into 3 treatment groups: control, hindlimb unloading for 2 weeks (HU), and HU plus electrical stimulation for 2 weeks. The animals in the electrical stimulation group received therapeutic stimulation of the left (PC) or right (IC) calf muscles twice a day during the unloading period. Animals undergoing HU for 2 weeks exhibited significant loss of muscle mass, decreased cross-sectional area (CSA) of muscle fibers, and increased expression of ubiquitinated proteins in the gastrocnemius and soleus muscles compared with control animals. Stimulation with PC attenuated the effects on the muscle mass, fiber CSA, and ubiquitinated proteins in the gastrocnemius muscle. However, PC stimulation failed to prevent atrophy of the deep layer of the gastrocnemius muscle and the soleus muscle. In contrast, stimulation with IC inhibited atrophy of both the gastrocnemius and soleus muscles. In addition, the IC protocol inhibited the HU-induced increase in ubiquitinated protein expression in both gastrocnemius and soleus muscles. These results suggest that electrical stimulation with IC is more effective than PC in preventing muscle atrophy in the deep layer of limb muscles.
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                    Abbreviations
	ATPase:
	
                    Adenosine triphosphatase

                  
	CSA:
	
                    Cross-sectional area

                  
	HU:
	
                    Hindlimb unloading

                  
	IC:
	
                    Interferential current

                  
	P0
                  :
	
                    Maximum isometric tetanic force

                  
	PC:
	
                    Pulsed current

                  
	SDS-PAGE:
	
                    SDS polyacrylamide gel electrophoresis

                  
	PVDF:
	
                    Polyvinylidene fluoride

                  
	PBST:
	
                    Phosphate-buffered saline with Tween 20

                  



References
	Altun M, Besche HC, Overkleeft HS, Piccirillo R, Edelmann MJ, Kessler BM, Goldberg AL, Ulfhake B (2010) Muscle wasting in aged, sarcopenic rats is associated with enhanced activity of the ubiquitin proteasome pathway. J Biol Chem 285:39597–39608
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Andersson E, Oddsson L, Grundström H, Thorstensson A (1995) The role of the psoas and iliacus muscles for stability and movement of the lumbar spine, pelvis and hip. Scand J Med Sci Sports 5:10–16
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Booth FW (1982) Effect of limb immobilization on skeletal muscle. J Appl Physiol 52:1113–1118
PubMed 
    CAS 
    
                    Google Scholar 
                

	Booth FW, Seider MJ (1979) Early change in skeletal muscle protein synthesis after limb immobilization of rats. J Appl Physiol 47:974–977
PubMed 
    CAS 
    
                    Google Scholar 
                

	Diffee GM, Caiozzo VJ, Herrick RE, Baldwin KM (1991) Contractile and biochemical properties of rat soleus and plantaris after hindlimb suspension. Am J Physiol 260:C528–C534
PubMed 
    CAS 
    
                    Google Scholar 
                

	Dow DE, Cederna PS, Hassett CA, Kostrominova TY, Faulkner AJ, Dennis RG (2004) Number of contractions to maintain mass and force of a denervated rat muscle. Muscle Nerve 30:77–86
Article 
    PubMed 
    
                    Google Scholar 
                

	Edgerton VR, Roy RR (1996) Neuromuscular adaptations to actual and simulated spaceflight. In: Fregly MJ, Blatteis CM (eds) Handbook of physiology, Environmental physiology. Oxford University Press, New York, pp 721–763

	Fujita N, Murakami S, Fujino H (2011) The combined effect of electrical stimulation and high-load isometric contraction on protein degradation pathways in muscle atrophy induced by hindlimb unloading. J Biomed Biotechnol 2011:401493
Article 
    PubMed 
    
                    Google Scholar 
                

	Furuno K, Goodman MN, Goldberg AL (1990) Role of different proteolytic systems in the degradation of muscle proteins during denervation atrophy. J Biol Chem 265:8550–8557
PubMed 
    CAS 
    
                    Google Scholar 
                

	Hilliard MJ, Martinez KM, Janssen I, Edwards B, Mille ML, Zhang Y, Rogers MW (2008) Lateral balance factors predict future falls in community-living older adults. Arch Phys Med Rehabil 89:1708–1713
Article 
    PubMed 
    
                    Google Scholar 
                

	Ikezoe T, Mori N, Nakamura M, Ichihashi N (2011) Atrophy of the lower limbs in elderly women: is it related to waking ability? Eur J Appl Physiol 111:989–995
Article 
    PubMed 
    
                    Google Scholar 
                

	Iwasaki T, Shiba N, Matsuse H, Nago T, Umezu Y, Tagawa Y, Nagata K, Basford JR (2006) Improvement in knee extension strength through training by means of combined electrical stimulation and voluntary muscle contraction. Tohoku J Exp Med 209:33–40
Article 
    PubMed 
    
                    Google Scholar 
                

	Jackman RW, Kandarian SC (2004) The molecular basis of skeletal muscle atrophy. Am J Physiol Cell Physiol 287:C834–C843
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Jagoe RT, Goldberg AL (2001) What do we really know about the ubiquitin-proteasome pathway in muscle atrophy? Curr Opin Clin Nutr Metab Care 4:183–190
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Jaspers SR, Tischler ME (1984) Atrophy and growth failure of rat hindlimb muscles in tail-cast suspension. J Appl Physiol 57:R1472–R1479

                    Google Scholar 
                

	Judge AW, Koncarevic A, Hunter RB, Liou HC, Jackman RW, Kandarian SC (2007) Role for IκBα, but not c-Rel, in skeletal muscle atrophy. Am J Physiol Cell Physiol 292:C372–C382
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Kado DM (2009) The rehabilitation of hyperkyphotic posture in the elderly. Eur J Phys Rehabil Med 45:583–593
PubMed 
    CAS 
    
                    Google Scholar 
                

	Kim SJ, Roy RR, Zhong H, Suzuki H, Ambartsumyan L, Haddad F, Baldwin KM, Edgerton VR (2007) Electromechanical stimulation ameliorates inactivity-induced adaptations in the medial gastrocnemius of adult rats. J Appl Physiol 103:195–205
Article 
    PubMed 
    
                    Google Scholar 
                

	Kim SJ, Roy RR, Kim JA, Zhong H, Haddad F, Baldwin KM, Edgerton VR (2008) Gene expression during inactivity-induced muscle atrophy: effects of brief bouts of a forceful contraction countermeasure. J Appl Physiol 105:1246–1254
Article 
    PubMed 
    
                    Google Scholar 
                

	Krawiec BJ, Frost RA, Vary TC, Jefferson LS, Lang CH (2005) Hindlimb casting decreases muscle mass in part by proteasome-dependent proteolysis but independent of protein synthesis. Am J Physiol Endocrinol Metab 289:E969–E980
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Lecker SH, Solomon V, Mitch WE, Goldberg AL (1999) Muscle protein breakdown and the critical role of the ubiquitin-proteasome pathway in normal and disease states. J Nutr 129:227S–237S
PubMed 
    CAS 
    
                    Google Scholar 
                

	Milne KJ, Noble EG (2002) Exercise-induced elevation of HSP70 is intensity dependent. J Appl Physiol 93:561–568
PubMed 
    CAS 
    
                    Google Scholar 
                

	Morey ER, Sabelman EE, Turner RT, Baylink DJ (1979) A new rat model simulating some aspects of space flight. Physiologist 22:S23–S24
PubMed 
    CAS 
    
                    Google Scholar 
                

	Ohira Y, Jiang B, Roy RR, Oganov V, Ilyina-Kakueva E, Marini JF, Edgerton VR (1992) Rat soleus muscle fiber responses to 14 days of spaceflight and hindlimb suspension. J Appl Physiol 73:51S–57S
PubMed 
    CAS 
    
                    Google Scholar 
                

	Pachter BR, Eberstein A (1984) Neuromuscular plasticity following limb immobilization. J Neurocytol 13:1013–1025
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Petrofsky J (2008) The effect of the subcutaneous adipose on the transfer of current through skin and into muscle. Med Eng Phys 30:1168–1176
Article 
    PubMed 
    
                    Google Scholar 
                

	Petrofsky JS, Laymon M (2002) The effect of aging in spinal cord injured individuals on the blood pressure and heart rate responses during fatiguing isometric exercise. Eur J Appl Physiol 86:479–486
Article 
    PubMed 
    
                    Google Scholar 
                

	Petrofsky J, Laymon M, Prowse M, Gunda S, Batt J (2009) The transfer of current through skin and muscle during electrical stimulation with sine, square, Russian and interferential waveforms. J Med Eng Technol 33:170–181
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Petterson S, Snyder-Mackler L (2006) The use of neuromuscular electrical stimulation to improve activation deficits in a patient with chronic quadriceps strength impairments following total knee arthroplasty. J Orthop Sports Phys Ther 36:678–685
PubMed 
    
                    Google Scholar 
                

	Pizzigalli L, Filippini A, Ahmaidi S, Jullien H, Rainoldi A (2011) Prevention of falling risk in elderly people: the relevance of muscular strength and symmetry of lower limbs in postural stability. J Strength Cond Res 25:567–574
Article 
    PubMed 
    
                    Google Scholar 
                

	Punkt K, Naupert A, Asmussen G (2004) Differentiation of rat skeletal muscle fibres during development and ageing. Acta Histochem 106:145–154
Article 
    PubMed 
    
                    Google Scholar 
                

	Richardson C, Jull G, Hodges PW, Hides J (1999) Therapeutic exercises for spinal segmental stabilization in low back pain: Scientific basis and clinical approach. Churchill Livingstone, Philadelphia, pp 11–59

                    Google Scholar 
                

	Roy RR, Zhong H, Hodgson JA, Grossman EJ, Siengthai B, Taimadge J, Edgerton VR (2002) Influences of electromechanical events in defining skeletal muscle properties. Muscle Nerve 26:238–251
Article 
    PubMed 
    
                    Google Scholar 
                

	Russo TL, Peviani SM, Freria CM, Gigo-Benato D, Geuna S, Salvani TF (2007) Electrical stimulation based on chronaxie reduces atrogin-1 and myoD gene expressions in denervated rat muscle. Muscle Nerve 35:87–97
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Selkowitz DM (1985) Improvement in isometric strength of the quadriceps femoris muscle after training with electrical stimulation. Phys Ther 65:186–196
PubMed 
    CAS 
    
                    Google Scholar 
                

	Selkowitz DM (1989) High-frequency electrical stimulation in muscle strengthening. Am J Sports Med 17:103–111
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Spencer MJ, Lu B, Tidball JG (1997) Calpain II expression is increased by changes in mechanical loading of muscle in vivo. J Cell Biochem 64:55–66
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Stevens JA, Olson S (2000) Reducing falls and resulting hip fractures among older women. MMWR Recomm Rep 49:3–12
PubMed 
    CAS 
    
                    Google Scholar 
                

	Thomason DB, Booth FW (1990) Atrophy of the soleus muscle by hindlimb unweighting. J Appl Physiol 68:1–12
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Tischler ME, Rosenberg S, Satarug S, Henriksen EJ, Kirby CR, Tome M, Chase P (1990) Different mechanisms of increased proteolysis in atrophy induced by denervation or unweighting of rat soleus muscle. Metabolism 39:756–763
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Wang LC, Kernell D (2001) Quantification of fibre type regionalisation: an analysis of lower hindlimb muscles in the rat. J Anat 198:295–308
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Ward AR (2009) Electrical stimulation using kilohertz-frequency alternating current. Phys Ther 89:181–190
Article 
    PubMed 
    
                    Google Scholar 
                


Download references




Acknowledgments
This study was supported by Grants-in-Aid for Scientific Research from the Japanese Ministry of Education, Culture, Sports, Science and Technology.

                Conflict of interest

                The authors declare that they have no conflict of interest.

              
                Ethical approval

                This study was approved by the Institutional Animal Care and Use Committee and was performed according to the Kobe University Animal Experimentation Regulations. All experiments were conducted in accordance with the National Institutes of Health (NIH) Guidelines for the Care and Use of Laboratory Animals (National Research Council 1996).

              

Author information
Authors and Affiliations
	Department of Rehabilitation Science, Kobe University Graduate School of Health Sciences, 7-10-2 Tomogaoka, Suma-ku, Kobe, 654-0142, Japan
Minoru Tanaka, Yusuke Hirayama, Naoto Fujita & Hidemi Fujino


Authors	Minoru TanakaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yusuke HirayamaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Naoto FujitaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Hidemi FujinoView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Naoto Fujita.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Tanaka, M., Hirayama, Y., Fujita, N. et al. Comparison of premodulated interferential and pulsed current electrical stimulation in prevention of deep muscle atrophy in rats.
                    J Mol Hist 44, 203–211 (2013). https://doi.org/10.1007/s10735-012-9473-4
Download citation
	Received: 09 October 2012

	Accepted: 14 December 2012

	Published: 21 December 2012

	Issue Date: April 2013

	DOI: https://doi.org/10.1007/s10735-012-9473-4


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
	Deep muscle
	Muscle atrophy
	Electrical stimulation
	Premodulated interferential current








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					100.24.125.239
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    