| magi ng the changes in dendritic calciumion concentration in
response to single stinmuli using cal ciumsenstive dyes and
whol e-cel|l recording in rat hi ppocanpal slices

Ri chard J. Adanms* and Terrance J. Sejnowski

Conput ati onal Neur obi ol ogy Laboratory, Salk Institute, San
Di ego, USA and *University

Laboratory of Physiol ogy, Parks Road, Oxford OX1 3PT

Confocal fluorescence m croscopy affords an opportunity to
measure changes in calciumion concentration in the
dendrites of hippocanpal pyramdal cells in

live tissue slices. W have used whol e-cell recording
techniques to fill and record fromsingle pyram dal cells
in the region CAl of transverse slices of rat

hi ppocanpus. Slices, 400 gum thick, were cut from ether-
anaest heti zed, decapitated 14- to 28-day-ol d Sprague-
Dawl ey rats. The pipette solution contained

(in mMV) potassium net hanesul phonate, 120; KCI, 5; Hepes,
10; sorbitol, 12; Md 2, 2; M- ATP, 2; sodium GIP 0.4 and
I ncl uded 200 WM EGTA and 200 M

of either fluo-3 or Cal cium G een (Ml ecul ar Probes) as a
fluorescent calciumindicator. Once filled, confoca

m croscopy was used to inage the cells during synaptic
stimulation of the Shaffer collateral/comm ssural pathway
or depol ari zation by direct current injection into the
cell. Electrical activity was recorded under current-clanp
conditions. Rapid changes in fluorescence in

response to intracellular calciumion concentration were

i maged at 2 ns intervals using a |ine-scanning technique.
Comput er control of inage collection and el ectri cal

stimul ation and acquisition allows the sinultaneous
recording of cell activity and association of calciumion
changes with changes in nenbrane potential.

Chi ef anongst our findings is that transient calcium

el evations can be seen in the dendrites of pyramidal cells
when the cell fires even a single action potenti al
followi ng orthodrom ¢ synaptic stinmulation. This indicates
to us that voltage-sensitive cal ciumchannels are
distributed, at |east, several hundred m cronetres from
the soma. The rise in the calciumlevel takes place on a
time scale that is nore rapid than the tinme resolution of
our nethod, and the fall tine is approximately a single
exponential with a tine constant of 60-80 ns.

Secondly, antidrom c depolarization of the dendritic
menbrane by an action potential initiated close to the
soma, is sufficient to activate these channel s.

This inplies that a single action potential is capable of
depol ari zi ng the api cal



dendrite of a pyram dal neuron well beyond that expected
by the passive
spread of current.
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