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Background: The hippocampal CA3 region plays an important role 

in episodic memory retrieval. Synapses between CA3 pyramidal 

neurons (PNs) are thought to be endowed with Hebbian synaptic 

plasticity to support the reactivation of neuronal ensembles during 

partial input stimuli, a phenomenon referred to as pattern completion 

[1]. However, the classical view of a homogeneous pyramidal neuron 

population that uniformly contributes to diverse cognitive functions of 

the hippocampus has been challenged recently [2]. The main 

arguments include an anatomical gradient in terms of functional 

properties and connectivity from dentate gyrus (DG), entorhinal 

cortex and CA3 interconnection along the proximo – distal axis within 

CA3 [3, 4]. Moreover, a novel type of CA3 PNs was described, which 

lacks the input from DG granule cells and was proposed to be 

involved in sharp-wave generation [5]. However, the exact behavioral 

implication of the described CA3 PN heterogeneity in vivo and their 

role during cognitive functions remains enigmatic. 

Methods: To shed light on cellular mechanisms and intrinsic 

parameters involved in CA3 PN activity, we combine intracellular 

patch-clamp with local-field-potential recordings in head-fixed mice 

navigating on a linear treadmill apparatus. While the animals run for 

a water reward, a series of somatosensory cues is presented, which 

allows the recording of sequential place-field activity. In order to 

correlate the anatomical position and morphological properties  

of CA3 PNs with their network and behavioral function, recorded 

neurons are filled with biocytin for post hoc morphological analysis. 

Results: In a sample of 7 morphologically identified CA3 PNs, highly 

heterogeneous activity patterns were observed. Sub-threshold and 

supra-threshold activity include silent CA3 PNs receiving only sub-

threshold EPSPs, spikelets, single spikes, short bursts of 3 – 4 APs 

with prolonged membrane potential (Vm) ramps, and complex spikes 

without preceding Vm ramps. In a subset of CA3 PNs (6 out of 20 

cells), running induced hyperpolarization and converted bursting into 

single-spike activity (2 out of 20 cells). In another subset of CA3 PNs 

(4 out of 20 cells), locomotion mildly increased the mean action 

potential frequency. Finally, in 2 out of 20 cells, firing was unchanged. 

Discussion: CA3 PNs in awake, running mice exhibit a wide range 

of subthreshold and suprathreshold activity patterns and are hetero-

geneously modulated during locomotion. This heterogeneity in Vm 

dynamics might suggest a differential role of CA3 PNs in pattern 

completion and other cognitive functions. 
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