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in the communication of calcium signal between the spine and 
the dendrite. Using focal stimulation with pulsed laser to uncage 
glutamate, we evoke local responses in the spines, and study 
their communication with the parent dendrite. Using transfection 
methodologies, we study the role of individual molecular species 
in formation of functional synapses among neurons.

The role of oxidative stress in neuronal plasticity is studied in 
brain slices taken from transgenic SOD overexpressing mice, 
and in brain slices of rats that are exposed to hydrogen peroxide. 
A dual action of H2O2 in long term potentiation has been 
demonstrated. These studies address fundamental issues in 
neuronal plasticity and in the relation between structure and 
function of central neurons.
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Morphological and functional aspects of neuronal plasticity 
are studied in networks of cultured neurons taken from rodent 
brains, or in brain slices from adult rats/mice. Using dye-or 
GFP loaded neurons in a confocal microscope, we study 
morphological changes in dendritic spines of the cultured 
neurons following exposure of the culture to stimulation that 
produce sustained changes in network activity of these neurons. 
The sequence of molecular and morphological events that lead 
to the formation of novel synapses are studied. The involvement 
of MAP-Kinases and cyclic AMP response element binding 
protein (CREB) has been documented. Dendritic spines of 
cultured hippocampal neurons express local motility that 
depends on actin polimerization, and can even twitch in 
response to a sudden rise in intracellular calcium concentration, 
occuring, for example during a back propagating action potential. 
The function of spine movements in the establishment of 
connections among neurons are analyzed. The functional 
connection between the dendritic spine and its parent dendrite 
is studied with fast calcium imaging in the confocal microscope. 
We found that the length of the spine is extremely important 

Fig. 1 Reconstruction of dendritic spines in cultured hippocampal neurons 

on a confocal laser scanning microscope. Bottom left, a segment of a 

dendrite, counterstaind with FM4-64 to demonstrate presynaptic terminals 

on the dendritic spines.  

Fig. 2 Formation of novel spines in cultured neurons (From Goldin et al, 

2001).  
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