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Multi-channel in vivo recording techniques: Signal processing of action potentials

and local field potentials

XU Jia-Min, WANG Ce-Qun, LIN Long-Nian"
Key Laboratory of Brain Functional Genomics (Ministry of Education and Shanghai Municipality), East China Normal University,
Shanghai 200062, China

Abstract: Multi-channel in vivo recording techniques are used to record ensemble neuronal activity and local field potentials (LFP)
simultaneously. One of the key points for the technique is how to process these two sets of recorded neural signals properly so that
data accuracy can be assured. We intend to introduce data processing approaches for action potentials and LFP based on the original
data collected through multi-channel recording system. Action potential signals are high-frequency signals, hence high sampling rate
of 40 kHz is normally chosen for recording. Based on waveforms of extracellularly recorded action potentials, tetrode technology
combining principal component analysis can be used to discriminate neuronal spiking signals from differently spatially distributed
neurons, in order to obtain accurate single neuron spiking activity. LFPs are low-frequency signals (lower than 300 Hz), hence the
sampling rate of 1 kHz is used for LFPs. Digital filtering is required for LFP analysis to isolate different frequency oscillations includ-
ing theta oscillation (4-12 Hz), which is dominant in active exploration and rapid-eye-movement (REM) sleep, gamma oscillation
(30-80 Hz), which is accompanied by theta oscillation during cognitive processing, and high frequency ripple oscillation (100-250
Hz) in awake immobility and slow wave sleep (SWS) state in rodent hippocampus. For the obtained signals, common data
post-processing methods include inter-spike interval analysis, spike auto-correlation analysis, spike cross-correlation analysis, power
spectral density analysis, and spectrogram analysis.
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Fig. 1. The original action potential waveforms recorded from different neurons. Colors indicate different waveforms from multiple

single neurons. The enlargement of the selected area from the upper panel is demonstrated in the bottom panel. Note the different

waveform amplitudes of different neurons. Scales: upper panel: 16 ms, 0.2 mV; lower panel: 1 ms, 0.2 mV.
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Fig. 2. Five different neurons recorded simultaneously by a sin-
gle tetrode placed in stratum pyramidale of hippocampal CAl
area. Waveforms recorded from each of the four electrodes are
shown in each column. One putative interneuron is shown in red
while the other four putative pyramidal neurons are shown in

blue, green, yellow and cyan.
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Fig. 3. Local field potential (LFP) filtered by different Matlab fil-
ter functions. The original LFP signal (in gray) is filtered either
using function “filtfilt’ (in blue) or using function ‘filter’ (in red).
Note the significant phase shift between the red and gray lines.
Scales: 100 ms, 0.4 mV.
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Fig. 4. Interspike interval (ISI) histograms and auto-correlograms (inset) of a putative pyramidal neuron (4) and three different types

of putative interneurons (B, C, D) recorded from hippocampal CA1 area. The pyramidal neuron has typical burst firing with low firing

rate as indicated by the sharp peak in the ISI histogram in 4. The vertical lines in C and D are action potentials fired by the corre-

sponding neurons. Neuron C has periodical burst firing, hence the cyclic activity in the auto-correlogram. Scales: 4: 1 ms, 0.4 mV; B:

2ms, 0.1 mV; C: 16 ms, 0.2 mV; D: 16 ms, 1.6 mV.
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Fig. 5. Cross-correlograms of different neuron pairs in hippocampal CA1 area. The upper panel displays auto-correlograms of four

neurons. 4: Excitatory drive from putative pyramidal neuron (red) to interneuron (blue). Note large, sharp peak at ~2 ms in the

cross-correlogram (middle panel) with the pyramidal neuron firing as the reference event indicating excitatory monosynaptic connec-

tion. The average waveform of each neuron type is displayed in the middle panel. B: Cross-correlogram of two putative pyramidal

neurons shows that the neuron displayed in red is activated before the neuron shown in orange.
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Fig. 6. Power spectral density and spectrogram analysis of action potentials and local field potentials (LFPs). 4: Originally recorded
LFP (upper trace) and filtered theta oscillation (middle trace), as well as one single unit activity (lower trace) recorded from the same
tetrode during active exploration. Scale bar: 200 ms, 0.5 mV for LFP and unit activity, 0.2 mV for filtered theta oscillation. B: Power
spectral density (PSD) of LFP and unit spikes in 4. Note the peaks at theta and gamma frequency range in the PSD of LFP and the
theta frequency peak in unit PSD. C: Spectrogram analysis of LFP and unit activity in 4. Note the continuity of theta activity in both
spectrograms. D: Originally recorded LFP (upper trace) and filtered ripple oscillation (middle trace) along with corresponding single
unit activity (lower trace) during slow wave sleep. Scale bar: 200 ms, 0.5 mV for LFP and unit activity, 0.1 mV for filtered ripple
oscillation. £: PSD of LFP and unit spikes in D. Note the peak at ripple frequency range in the PSD of LFP. F: Spectrogram analysis
of LFP and accompanying unit activity in D. Note the discontinuity of ripple activity around 150 Hz as well as the absence of theta
activity in unit spectrogram.
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