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	摘要(中)	摘要


我們研究大白鼠皮質層神經元網路在低鎂離子濃度下之同步發放行為。利用共軛焦雷射掃瞄顯微技術，同步發放的鈣離子動力學得以量測。我們發現上述同步發放動力與網路型態有密切相關。神經元網路在高密度下形成三維巨大團簇，以粗大絲狀神經元捆束相互連結。低密度神經元網路則形成二維小團簇，以單神經突觸相互連結。我們發現高密度神經元網路比低密度神經元網路更早達到同步發放，並且在成長後期展現有趣的發放動力型態。我們在其中並發現有一長時間的休歇期間與高頻發放動力共存，形成一緩慢之調幅效應。我們利用非線性動力學分析手法，量測其中發放時間間隔分佈並以此重建其奇異吸子。我們發現其中休歇時期與高頻發放期間具有有趣的關聯性，並以空間中離子濃度匱乏理解上述現象。我們並利用高速雷射掃瞄量測在同步發放中之領先與落後神經元的時空相關性，佐證在神經元網路系統中的時空異質性。神經元網路同步發放行為可經由以化學蝕刻之微米鎢針作局部調控。神經元團簇之間的連接可被鎢針切割，造成非同步發放。我們發現神經元網路的集體動力行為展現小世界網路之拓樸特性。
	摘要(英)	Abstract


We study the synchronous firing activities in cortical neuronal network culture. Under depletion of extracellular Mg2+, synchronous firing activity is observed using confocal fluorescence microscopy. The firing patterns of the synchronous firing activities are found to closely correlated to the network morphology. It is found that the high density culture develops into synchronous firing prior to the low density one at early stage. The firing frequency of synchronous firing is generally an increasing function of day in vitro (DIV). It is further found that the high density culture develops into unique firing pattern with high rate bunched firing peaks separated by long quiescence periods. Using non-linear dynamics analysis, we analyze the phase diagram of the inter-event interval (IEI) of synchronous firing and reconstruct the strange attractor structure. It is found that the strange attractor exhibits period two characteristics and the histograms of IEI show double peak and broader distribution for the unique firing pattern. The mechanism behind the emergence of the long quiescence period is investigated by measuring the correlation between the long quiescence and long bursting period, and explained in term of extended ion depletion. Using fast line laser scanning, we identify master and slave during synchronous firing, showing spatiotemporal heterogeneity in the synchronous firing activity. Micro-dissection is performed to perturb the synchrony of the network firing activity as a preliminary est for the small world network architecture.
	關鍵字(中)	
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★ calcium imaging
	論文目次	Contents


1.	Introduction                                                     1


2.	Background                                                     7


2.1  Integrate-fire systems………………………………………………………7


2.2  Neurobiology……………………………………………………………….9


2.21  Basic blue print for living organisms…………………………………...9


2.2.2  Biology of neuron at cellular level……………………………………..11


2.2.3  Developmental evolution of neuronal subtypes in cerebral cortex……..20


2.2.4  Synchronization in cerebral cortex: epilepsy due to inhibition failure vs. synchronous firing under Mg2+ depletion………………………………21


2.3  Synchronization in complex network: Small world architecture………….22


2.4   Non-linear dynamical model for Neuronal Network………………………27


3.	Experiment and data analysis                                      27


3.1	Primary cortical neuronal culture………………………………………… 28


3.2	Fluorescence staining: calcium indicator………………………………   29


3.3	Observation platform: confocal microscopy and in-situ incubation chamber…………………………………………………………………….30


3.4 Electrophysiological measurement and local cell manipulation techniques………………………………………………………………….33


4.	Results and discussions                                            36


4.1	Cell density dependence of cortical neuronal network morphology… ……37


4.2	Synchronous firing in rat cortical neuronal network in vitro: Electrical field potential and fluorescence measurement…………………………………..40


4.3	Developmental dynamics of firing pattern of cortical neuronal network during maturation………………………………………………………….44


4.3.1	Data analysis: histogram of inter-event interval and strange attractor reconstruction………………………………………………………...46


4.3.2	Long quiescence period during synchronous firing at maturation…………………………………………………………….48


4.4	Emergence of synchronization: identifying the master and slave in synchronous firing…………...……………………………………………..58


4.5  Manipulating the firing dynamics: local micro-dissection  ………………………………………………………...64


5.	Conclusion and future work                                         67


6.	Appendix                                                        69


A1. Protocol for primary cortical neuronal culture…………………………..68


A2. Protocol for chemical preparation……………………………………….77


A3. Protocol for fluorescence staining……………………………………….83


A4. Protocol for micropipette preparation…………………………………...85
	參考文獻	Bibliography


[1] M. Locher, D. Cigna, and E. R. Hunt, Phys. Rev. Lett. 80, 5212 (1998)


[2] H. Hempel, L. Schimansky-Geir, and J. Garcia-Ojalvo, Phys. Rev. Lett. 82, 3713 (1999).


[3] J. F. Linder et al., Phys. Rev. Lett. 75, 3 (1995).


[4] J. Wang, S. Kadar, P. Jung, and K. Showalter, Phys. Rev. Lett. 82, 855 (1999)


[5] P. Jung, A. Cornell-Bell, K. S. Madden, and F. Moss, J. Neurophysiol. 79, 1098 (1998).


[6] C. Van den Broeck, J. M. R. Parrondo, and R. Toral, Phys. Rev. Lett. 73, 3395 (1994)


[7] K. Wiesenfeld et al, Phys. Rev. Lett. 72, 2125 (1994)


[8] E. Kandel, J. H. Schwartz and T. M. Jessell, Principle of neural science (McGraw Hill, 2000)


[9] H.S. Strogatz, Nature, 410, 268 (2001)


[10] E. M. Izhikevich, IEEE Trans. Neural Networks, 15, 1063 (2003)


[11] W.Y. Woon and Lin I, Phys. Rev. Lett. 92, 065003 (2004)


[12] T. Voigt, T. Opitz, and A.D. de Lima, J. Neurosci. 21, 8895 (2001)


[13] E. Hulata, R. Segev, Y. Shapira, M. Benveniste, and E. Ben-Jacob, Phys. Rev. Lett. 85, 4637 (2000).


[14] E. Hulata, R. Segev, and E. Ben-Jacob, J. Neurosci. Methods 117, 1 (2002).


[15] R. Segev, M. Benveniste, Y. Shapira, E. Hulata, A. Palevski, N. Cohen, E. Kapon, and E. Ben-Jacob, Phys. Rev. Lett. 88, 118102 (2002).


[16] R. Segev, M. Benveniste, Y. Shapira, and E. Ben-Jacob, Phys. Rev. Lett. 90, 168101 (2003).


[17] H. P.C. Robinson, M. Kawahara, Y. Jimbo, K. Torimitsu, Y. Kuroda, and A. Kawana, J. Neurophysiol. 70, 1606 (1993).


[18] W.R. Softky and C. Koch, J. Neurosci. 13, 334 (1993)


[19] M.N. Shadlen and W.T. Newsome, J. Neurosci. 18, 3870 (1998).


[20] K. Aihara and I. Tokuda, Phys. Rev. E 66, 026212 (2002)


[21] T. Sauer, Phys. Rev. Lett. 72, 3811 (1994)


[22] H. Gang et al., Phys. Rev. Lett. 71, 807 (1993)


[23] H.J. Koester and B. Sakmann, J. Physiol. 529.3, 625 (2000)


[24] X.S. Wang and E.I. Gruenstein, Brain Research 767, 239 (1997)


[25] D. Smetters, A. Majewska and R. Yuste, Methods: A Companion to Methods in Enzymology 18, 215 (1999)


[26] L. C. Jia, M. Sano, Pik-Yin Lai and C. K. Chan, Phys. Rev. Lett. 90, 088101 (2004)


[27] A. Roxin, H. Riecke and S.A. Solla, Phys. Rev. Lett. 92, 198101 (2004)


[28] T. Opitz, A.D. De Lima and T. Voigt, J. Neurophysiol. 88, 2196 (2002)


[29] A.V. M. Herz and J. J. Hopfield, Phys. Rev. Lett. 75, 1222 (1995)
	指導教授	
      	  伊林(Lin-I)
      	 	審核日期	2005-1-24
	推文	
      	  [image: ]facebook   [image: ]plurk   [image: ]twitter   [image: ]funp   [image: ]google   [image: ]live   [image: ]udn   [image: ]HD   [image: ]myshare   [image: ]reddit   [image: ]netvibes   [image: ]friend   [image: ]youpush   [image: ]delicious   [image: ]baidu   
      	 
	網路書籤	
      	  [image: ]Google bookmarks   [image: ]del.icio.us   [image: ]hemidemi   [image: ]myshare   
      	 


  

  











若有論文相關問題，請聯絡國立中央大學圖書館推廣服務組 TEL:(03)422-7151轉57407，或E-mail聯絡
	       - 隱私權政策聲明



	
