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Introduction

The parcellation of the brain into a large number
of functionally distinct cytoarchitectonic areas presents a
problem for understanding the integrative processes that
underlie cognitive functions. How do brain areas with
distinctive functional properties cooperate synergistically to
accomplish complex operations? A mounting body of
evidence points to oscillatory activity as an integrative
operation for higher brain functions.

In addition to faciltating binding of synchronously
active neurons into assemblies presumably corresponding to
experiences, thythmic oscillations would also create regularly
oceurring temporal windows for signal transmission between
different structures. This would assure that appropriate
signals arrive when the receiver is most excitable (Fries,
2005). Moreover, oscilation-induced synchronous activation
of neurons improves temporal precision of spike generation
and faciltates synaptic plasticity through spike timing
dependent plasticity (STDP) (Markram et al., 1997)
Oscillations have thus been supposed to be involved in
memory formation and consolidation by mediating active
communication between hippocampus and neocortex to
transform newly formed memories in the hippocampus into
more permanent traces in the cortex (Marr, 1971). This
process has been supposed to occur in two parts, online
(awake) encoding during hippocampal theta rhythmic activity
and offline replay and consolidation during hippocampal
Tipples (slow-wave sleep, SWS) (Buzsaki, 1989)

Many experimental data support the two-stage
model of memory proposed by Buzsaki in 1989, however,
our knowledge is incomplete about how oscillations modify
neuronal network activity and enable long term changes in
synaptic strength between co-oscillatory brain areas.

‘Spectrogram Hippocampus

Spectrogram Pfc

Frequency (Hz)

» —m —
5 1

-

Coherence Hippocampus vs. Pfc

Start tral

Time (s)

Caherence LFPie.. LFPy.

Froquency (Hz)

Time (s}

LFPp, Spikesy,

LFF,,.

Reward site

Coherence LFP-Spike
(MUA, theta modulated neurons)

Hpc-Pfc-6-coherence and:

Trial number

Mean coherence Map i
§om
moi
B .
. 5 e
Hpc-Pfc theta coherence
averaged over all sessions
% Representative trials

Rulo
acquisition

learning right rule (n=4)

MM Correlation Matrix Probability Matrix
mn—— pced l
coherencq . i I !

X 0
8 End of
T Start arm

learning light rule (n=4)

Coherence and Pfc neuron .

Emned spvke train

B High cohenrence M Low coherence

b

05 0 005 01

H

Signficant pairwise

Corsiation coeffcient s

before rule. after rule
acquisiion acquisition

o
non-theta theta
non-thetaltheta

Hpe-Pic-8-coherence

High Coherence Low Coherence

Balore rube scodsition

g 3
This study addresses these issues by examining & - - g 2 - = - -
s 5 = =
the hippocampal-prefrontal (Hpc-Pfc) pathway. Coherence in ‘j 5 H Bl syl
the theta band has been suggested to mediate the 3 ] 5
communication between Hpc and Pfc (Jones, 2007) (as well & > @
as striatum and amygdala, DeCoteau, 2007, Seidenbecher, < £ o £
2003). Indeed, both structures show LFP oscillations within g S Endof Reward S Endof Reward
the theta frequency range (5-10 Hz) and these are coherent g T Start arm site T Start arm site
during spatial working memory tasks (Jones 2007). Hence, I3 " : ”
first we examine the relation between learning and Hpc-Pic- £ B Coherence LFPu.- Spikes, Increased correlations triggered with
B-coherence, we further analyze the impact of oscillatory g ¥ theta cycles (~120ms) and bins of 30 ms
coherence on the excitability of prefrontal neural ensembles . E " -
and local processing therein. J " -
. ' 5 4 —
A AN A ] g e Hpe Pic
[l Al g 3 . 8% o . . ) | Theta cycle 30ms
- s H - . 58 50 g g i
AT g - S5 % 8o K i
Caherence LFP,,.- Spikep, 83 & N i
1 Coherence LFP.,.- Spikiey. g8 2 N 3 i
' ) ' 20 = i Correlated cells tend to fire Oorrelmd cells hnd tofie |
Womelsdorf et al., oz Cortanty Cartainy Coroct  Eror prior after High Low High Low in the same theta cycles synchror A
Science, 2007. o8 -o8 coh coh coh coh
Methods and A na|yses Theta modulation of coherence-related cell
Hpc theta Pfc theta
In four rats, of local field potentials (LFP) and prefrontal prelimbic and infralimbic (PL/IL) [Fign caperence periods . ol
LFPs and single units were made with single electrodes and tetrodes respectively (42 sessions). Data were processed offline L
with Klusters and our custom software. . .
Behavioral protocol: On a Y maze, one of the choice arms was it randomly. These rats leamed four successive reward
contingency strategies for liquid rewards. Their rules were: go right (ignoring the light), go to the it arm, then go left. Rats 3 - - 2 z
returned to the start arm after each trial. All four rats leamed the ‘Right and ‘Light rules, but only two also leared the left rule. At : . ]
- ’ ° o
the end of the recording sessions, the animals were sacrificed, and brains prepared for standard histological procedures. ; K 3 t
The behavioral task Learning rates for the 3 rules Recording sites -
Activity during the Ymaze = ° .
Rule Right : i
P =, =
k] :
= —= o
o ™

Coherence analysis: The coherence of two time series, s,(t) and s,(t), for the frequency f, is given by the product of their
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Fourier transforms, F,(t), at the frequency . (Note that F, ,(t) are complex numbers)

Theta modulation analysis: The spike phase distribution relative to the theta oscillation is hypothesized to follow a Von

Mises distribution. This is given by:

with |, the modified Bessel function of order 0. k (concentration factor, a measure of phase dispersion) and |l (preferred

where F*; (t) is the conjugate of F(t).
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phase) are computed with standard methods detailed in Fischer (2000).
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PCA was applied 1o the binned spike trains during high coherence periods, and
the strongest components were retained. Thus,
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Discussion

In this study we evidence that Hpc-Pfc-8-coherence is enhanced at the decision point after rule
acquisition.

g these high coherence periods, several modification of the PFc neuronal network occur:
- Increased inhibitory activity from a subset of Pfc interneurons

- Increased theta modulation and phase shift of preferred phase of Pfc pyramidal neurons
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in sleep after the task
As a concluslon our data detailed the of the il inter-B

ion during high periods. Overall, this suggests that theta and Hpc-Pfc
theta coherence may serve as a brain for i of cell

between brain areas and then favoring specific functional pathways for decision making and
mnesic consolidation.
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