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— Abstract

CORRELATIONS BETWEEN HIPPOCAMPAL THETA RHYTHM AND
INTRACELLULAR CHARACTERISTICS OF PYRAMIDAL NEURONS

Oh-Heung Kwon, Young-Jin Kim, Soon-Hyeun Nam, Hyeun-Jung Kim
Man-gee Lee* Jin-Hwa Cho**, Byung-Ju Choi**

Department of Pediatric Dentistry, Department of Dental Pharmacology™,
School of Dentistry Department of Pharmacology*, School of Medicine, Kyungpook National University

Electrophysiological phenomena of pyramidal cells in the CAl area of the dorsal hip-
pocampus were recorded from and filled with neurobiotin in anesthetized rats. The electro-
pharmacological properties of membrane as well as the cellular-synaptic generation of rhyth-
mic slow activity (theta) were examined.

The intracellular response characteristics of these pyramidal cells were distinctly differ-
ent from responses of interneurons, Pyramidal cells had a high resting membrane potential,
a low input resistance, and a large amplitude action potential. A afterhyperpolarization was
followed a single action potential.

Most of pyramidal cells did not display a spontaneous firing, Pyramidal cells displayed weak
inward rectification and anodal break excitation. The slope of the frequency-current rela-
tion was 53.4 Hz/nA for the first interspike interval and 15.9 Hz/nA for the last intervals,
suggesting the presence of spike frequency adaptation, Neurobiotin-filled neurons showed
pyramidal morphology. Cells were generally bipolar dendritc processes ramifying in stratum
lacunosum-moleculare, radiatum, and oriens. Commissural stimulation discharged pyramidal
cells, followed by excitatory and inhibitory postsynaptic potentials (EPSPs and IPSPs). The
frequency of theta-related membrane potential oscillation was voltage-independent in pyra-
midal neurons. At strong depolarization levels (less than 30 mV) pyramidal cells emitted
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sodium spike oscillation, phase-locked to theta. The observations provide direct evidence that
theta-related rhythmic hyperpolarization of principal cells is brought by the rhythmically dis-
charging interneurons. Furthermore, the findings in which interneurons were also paced by
rhythmic inhibitory postsynaptic potentials during theta suggest that they were periodically
hyperpolarized by their GABAergic septal afferents.

Key words : intracelluar recording, pyramidal cell, theta rhythm, neurobiotin
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Table 1. Membrane properties of hippocampal CA1 pyramidal neurons.

Characteristics Mean S.E. Range n
Resting membrane potential{mv) 66.63 288 610,810 8
Action potential amplitude(mV) 67.50 182 550, 700 8
Input resistance(M ) 26.70 830 143,425 3
Time Constant(msec) 32.00 16.09 130,640 3
Number of action potentials per current puise 17.00 1.00 15.0, 18.0 6
Afterhyperpolarization amplitude burst{mV, positive cell only) 5.17 1.03 3.1, 6.2 3
Afterhyperpolarization duration burst(msec, positive cell only) 125.70 25.00 710, 1600 3
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Fig. 1. Simultaneous recording of intracelluar activity of pyramidal cell and extracellular activity in the CAl
pyramidal layer during theta activity (theta, above) and its absence (non-theta, below),
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Fig. 2. Evoked response properties of identified pyramidal cells, (A) Three superimposed responses to increasing
stimulation intensities of the commisural input (200 and 300uA) in CAL cell, (B) Evoked field response
recorded by an extracelluar electrode in the CAl pyramidal layer (below) and an intracelluar response

(above).
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Fig. 3. Repetitive firing of pyramidal cells in CAl, (A) Pyramidal cell responses to depolarzing current puls-
es of increasing intensity (04-14 nA : membrane potential -66mV). Note the progressive lengthening
of the ISI during these responses, Graph of frequency of firing as a function of injcted current (f-

1) for the first ISI (B) and for the last ISI (C) during the pulse (ISI last) with their respective lin-
ear equations,
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Intracelluar responses of CA1 pyramidal neuron to stimulation of the commissural path #oip. (A) Both

an early IPSP and EPSP (arrow) were evoked by single pulses (dot). (B) Current versus voltage
plot of the evoked response amplitude at a latency indicated by the triangle in (A).
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