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Recent physiological experiments have proved that a neuronal dendritic tree in the central nervous 
system (CNS) possesses the complex spatia-temporal dynamics. The dynamical properties of den
drite are expected to play an important role for the information processing in CNS. From this point 
of view, we construct a compartment model of an active dendrite in a discrete form in order to inves
tigate its functional significance. The dynamics of the single compartment model is controlled mainly 
by the following two kinetic variables. One is the membrane potential which involves the several 
types of currents: T-type Ca2+, L-type Ca2+, and Ca2+-activated 1(+. The other is the intracellular 
Ca2+ concentration that is increased by Ca2+ influx and reduced by the cellular homeostatic sys
tem. The single compartment model responds in an oscillatory manner when a maintained current 
stimulation is applied. Figure 1 shows the relationship between the response firing frequency and 
the current intensity. There is the threshold and the optimal intensity of stimulus for the oscillatory 
response. 

The compartment models of proximal and distal dendrites are made up by connecting longi
tudinally 10 thick and thin compartments, respectively. Each of the compartments are electrically 
coupled with the neighboring one. Figure 2 shows the firing frequency of the compartment dendrite 
models in response to the localized steady current stimulus. We observe the responses of the 1st 
compartment and 10th compartment, which are indicated by S and T, respectively. The stimulus 
is applied to S. For the proximal dendrite model, the responses are homogeneous among the com
partments and their response firing frequency is lower than that of the single. For the distal, only 
S and its neighboring compartments fire with high frequency. It is worth noting that their firing 
frequency tends to be higher than that of the single in the range from 6.6 to 8pA/cm2• probably 
due to their spatial cooperation. It has been found that synapses from different regions tend to 
be located separately on the dendritic system. Therefore the neural information coming from the 
different regions is suggested to be processed in the location-dependent manner on the dendritic 
system. 
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Figure 1: Relationship between 
firing frequency of single com
partment model and intensity of 
maintained current stimulus. 
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Figure 2: Firing frequency of compartment dendrite model in re
sponse to localized steady current stimulus. left: proximal den
drite model. right: distal dendrite model. 
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