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		Abstract

		Bouts of high frequency activity known as sharp wave ripples (SPW-Rs) facilitate communication between the hippocampus and neocortex. However, the paths and mechanisms by which SPW-Rs broadcast their content are not well understood. Due to its anatomical positioning, the granular retrosplenial cortex (gRSC) may be a bridge for this hippocampo-cortical dialogue. Using silicon probe recordings in awake, head-fixed mice, we show the existence of SPW-R analogues in gRSC and investigate their coupling to hippocampal SPW-Rs. Ensemble activity across regions was congruent across ripples, as neurons in gRSC reliably distinguished the spike content of different types of SPW-Rs. We demonstrate that this coupling is brain-state-dependent, and delineate a topographically-organized anatomical pathway via VGlut2-expressing, bursty neurons in the subiculum. Optogenetic stimulation or inhibition of bursty subicular cells induced or reduced responses in superficial gRSC, respectively. These results identify a specific path and underlying mechanisms by which the hippocampus can convey neuronal content during SPW-Rs to the neocortex. 


	

	

	
		
		


	

	
	

		
		

	
	


	

	
	
	
		
	
	
	

	
	
		
		
			
				
			
		
		Keywords: Hippocampus, Cortex, Memory, Oscillation, Ripple

	
	

	
    

    
	

	
	
	

	
	

























    	
	
	
	
   	
	
	
	
	
	            
	















	











    
    










    
    
    
    
















	



    




	
		Suggested Citation:
		Suggested Citation
	

	
		
			Nitzan,  Noam and McKenzie,  Sam and English,  Daniel Fine and Beed,  Prateep and Oldani,  Silvia and Tukker,  John J. and Buzsáki,  György and Schmitz,  Dietmar, Propagation of Hippocampal Ripples to the Neocortex by Way of a Subiculum-Retrosplenial Pathway (May 3, 2019).  Available at SSRN: https://ssrn.com/abstract=3381954 or http://dx.doi.org/10.2139/ssrn.3381954 
		
	

	

	
	
		
			This version of the paper has not been formally peer reviewed.
		

	
	

	
		
	

	
		




	

	
	
		

	










    
    










    
    
    
    





















	

	

	

	

	

	

	

	

	

	

	

	


	























	
	

		

		

		
		
		

		
		
			
				
					
						Noam Nitzan

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				Neuroscience Research Center NWFZ 

			

			
			
				
				
				
					Germany

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Sam McKenzie

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				New York University (NYU) - Neuroscience Institute 

			

			
			
				
				
				
					20 Cooper Square 3rd Floor
New York, NY  10003-711
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Daniel Fine English

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				New York University (NYU) - Neuroscience Institute 

			

			
			
				
				
				
					20 Cooper Square 3rd Floor
New York, NY  10003-711
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Prateep Beed

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				Neuroscience Research Center NWFZ 

			

			
			
				
				
				
					Charitéplatz 1
Berlin, 10117
Germany

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Charité - Universitätsmedizin Berlin - NeuroCure Cluster of Excellence 

			

			
			
				
				
				
					Charitéplatz 1
Hufelandweg 14
Berlin, 10117
Germany

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Silvia Oldani

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				Neuroscience Research Center NWFZ 

			

			
			
				
				
				
					Germany

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						John J. Tukker

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				Neuroscience Research Center NWFZ 

			

			
			
				
				
				
					Germany

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						György Buzsáki

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				New York University (NYU) - Neuroscience Institute  ( email )

			

			
			
				
				
				
					20 Cooper Square 3rd Floor
New York, NY  10003-711
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				New York University (NYU) - Department of Neurology  ( email )

			

			
			
				
				
				
					New York, NY
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				New York University (NYU) - Center for Neural Science  ( email )

			

			
			
				
				
				
					4 Washington Place, #809
New York, NY  10003
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Dietmar Schmitz (Contact Author)

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				Neuroscience Research Center NWFZ 

			

			
			
				
				
				
					Charitéplatz 1
Berlin, 10117
Germany

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Charité - Universitätsmedizin Berlin - NeuroCure Cluster of Excellence 

			

			
			
				
				
				
					Charitéplatz 1
Hufelandweg 14
Berlin, 10117
Germany

				

				
			

			

		

		
	

	





	

	

	
	
		
	

	

	
	




				
				
				









	
	    












    
    






    
    







    









    
        
        
        
            
            

            

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    [image: PDF icon]Download This Paper
                    
                
            

        
    
        
    

            
            
                

                

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Open PDF in Browser
                    
                
            

        
    
        
    
            
        

    




















	














	
	    







 



	




	







	







































				
					
						

						
						Please enable JavaScript to view the comments powered by Disqus.

					

				

				

				
					
						

						
						

						

						
						

					
				

			


			
				
					
						
						
	










	
	    














	
	    














	
	    







	
		Click here to go to Cell.com

		
			

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Go to Cell.com
                    
                
            

        
    
        
    
		

	



					

				
				
					
					


	












	
	
	








	
		
			Paper statistics

		

	


	
		
		 
			
				Downloads

				       89

			

		
		
		
			Abstract Views

			    1,900

		

		
		
	


	
		
            
            	        1 Citations
		

	

	
		
			
				       51 References
		

	



	
		PlumX Metrics

		
			
		

		
			
		

	





				


				
				
					
					

					
						
					

					
						
					

					
						
					

					
						
							
								
									
										Cell Press Journals on Sneak Peek
									

									
										
											All Journals (9180)
										
											Cancer Cell (105)
										
											Cell (575)
										
											Cell Chemical Biology (141)
										
											Cell Genomics (20)
										
											Cell Host & Microbe (186)
										
											Cell Metabolism (144)
										
											Cell Press Community (115)
										
											Cell Reports (2101)
										
											Cell Reports Medicine (226)
										
											Cell Reports Methods (166)
										
											Cell Reports Physical Science (210)
										
											Cell Reports Sustainability (0)
										
											Cell Stem Cell (155)
										
											Cell Systems (84)
										
											Chem (155)
										
											Chem Catalysis (0)
										
											Current Biology (651)
										
											Developmental Cell (284)
										
											Device (0)
										
											Immunity (241)
										
											iScience (2196)
										
											Joule (305)
										
											Matter (146)
										
											Med (40)
										
											Molecular Cell (191)
										
											Neuron (394)
										
											One Earth (82)
										
											Patterns (121)
										
											Structure (140)
										
									

								

							
						

					

				
				
					

    
        
            Related eJournals

        	
                    Neurobiology eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Neurobiology eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                               96

                                    

                                    
                                        PAPERS

                                            3,676

                                    

                                

                                
                            

                        

                    

                
	
                    Cell Press

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Cell Press

                                
                                    Subscribe to this free journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                               20

                                    

                                    
                                        PAPERS

                                            9,180

                                    

                                

                                
                            

                        

                    

                


        
        

    


				


				
					
					

















				

			

		


		
				
					Feedback
					
				

			

			


	
		
		Feedback to SSRN

		
			
				
					Feedback
					 (required)
				
				
			

			
				
					Email
					 (required)
				
				
			

			
				Submit
				
			
		

		

		If you need immediate assistance, call 877-SSRNHelp (877 777 6435) in the United States, or +1 212 448 2500 outside of the United States, 8:30AM to 6:00PM U.S. Eastern, Monday - Friday.

	







	

	
	
		
		

	




	
	





  
  

	
	
		
	


	
	
		
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
	
		
	
		
			
				
			
			
		
	
		
	


	
	
	






		
		









	
		
	






	
		
			
			
				SSRN Quick Links 

					SSRN Solutions
	Research Paper Series
	Conference Papers
	Partners in Publishing
	Jobs & Announcements
	Special Topic Hubs


			

			
				SSRN Rankings 

					Top Papers
	Top Authors
	Top Organizations


			

			
				About SSRN 

					Network Directors
	Announcements
	Contact us
	FAQs


			

			
		

			
	
	


		
			
				
			

			
				
					Copyright
					Terms and Conditions
					Privacy Policy
				

				
					All content on this site: Copyright © 2023 Elsevier Inc., its licensors, and contributors. All rights are reserved, including those for text and data mining, AI training, and similar technologies. For all open access content, the Creative Commons licensing terms apply.

					We use cookies to help provide and enhance our service and tailor content.

					To learn more, visit
					Cookie Settings.
					
						
							
							This page was processed by aws-apollo-l200 in   0.223 seconds 
						
					
					

				

			

			
				
			

		

	









	
		
		
		
		


    
        
        
        

        
        
                
                
                    
                
            
    

    

    


		






    























    




    








	


		[image:  ]

		
		
		
		
		
		
		
		
		
		
	
