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What is Neuromodulation?

- A set of biophysical mechanisms aimed at changing the way neural
computation is performed.

- Intrinsic (membrane currents, intracellular) and/or synaptic.

- For a given neural circuit, neuromodulation can be mapped to the
actions of specific neurochemicals on specific receptors.
E.g. Mammalian cortex/hippocampus:

neurotransmission neuromodulation

GABA. Glutamate Dopamine, Acetylcholine,
Serotonin, Nore/jpineph

- Typically, neuromodulation is slow and diffuse.



Acetylcholine in the hippocampus (in vitro)
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CCH-induced oscillations

25 mM CCH:
- Spontaneous periodic population wide oscillations in CA3.
-Frequency:5-10 Hz (a. k. a. Ot het-BOsranged) ,

Field Recording in CA3
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Very low CCH: Sub-threshold CCH-theta in CA3

- At low concentrations of CCH, cells oscillate individually in the theta range. This
oscillation is not apparent in the field recording (i.e. no synchrony).
- Why theta (5-10 Hz)?

2nM CCH
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High CCH: Synchronous CA3 discharges

- CA3 pyramidal cells fire synchronously, but skip cycles.
-Popul ati on phenomenon, but not oOepilep
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See also: (MacVicar and Tse, 1989)



Interneurons
- A subset of interneurons (stratum radiatum) are tonically active in the theta range.

25nmM CCH
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Interneurons

- These interneurons are not synchronous with field events, and often receive
inhibition during the oscillation.

25mM CCH
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See also Mixed Class Il/Class Il (McMahon et al. 1998



Low CCH concentrations: CCH-deltain CA1/CA3

- At low concentration of CCH, the hippocampus oscillates at Delta (0.5-2 Hz).
- Discharge amplitudes are larger than for theta oscillations.
-Continuous (no Oboutsd).

- Pyramidal cells fire at each cycle (no skipping).

- Interneurons are recruited by CCH-delta

8nmv CCH Field Recording in CA1 cell body layer
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Understanding the mechanisms: Excitatory Transmission in CA1

- CNQX (AMPA blocker) reversibly blocks CCH-induced theta.
- Low concentrations of APV (NMDA blocker <10mM) reversibly turns CCH-theta
into CCH-delta.

20mM CCH

10mM APV

20mM CCH

20mM CCH

10mM APV




And
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- Fast (40-70 Hz, a.k.a. gamma) oscillations randomly appear throughout.
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See also (Fisahn et al. 1998)



CCH-gamma in CAl and CA3

- Gamma oscillations can appear spontaneously in CAl1 or CA3, independently

from other rhythms.
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Summary: One circuit, one neuromodulator, three CCH levels, three
rhythms.
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- How can the same network produce 3 different (and discrete) oscillatory behaviors?



Conclusions: Experiments

A 3 cholinergically induced oscillati on

CCH-Delta (0.5-2 Hz): 8 M CCH: Full synchrony of all cells
CCH-Theta (5-10Hz): 20 mM CCH: Partial synchrony of pyramidal cells only. NMDA.
CCH-Gamma (40-70Hz): 8-25 M CCH: Transient, asynchronous in pyramidal cells

AComputational roles ? Induction and
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Experimental Results

- How can a single network generate 3 different rhythms?
- What determines the frequency of these rhythms?
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Single Neuron Models

APinskyRinzel pyramidal cells

Reduction of Traub et al (1991) model of bursting CA3 cell.
Soma/lnitial Segment compartmemth
AHodgkinHuxley spikegenerating currents (b and |,), m
AlLeak current(l).
Soma/Dendrite compartmewith

ACalcium current (),
ACalcium dependent potassium currents-(@and k_.p), 65
Al eak current (J),

AMuscarinic potassium current{,

APersistentike sodium and potassiumg,and |.).

AWangBuzsaki interneurons
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Adjusting the network parameters

- CA3 is a fully connected recurrent network. 500 pyramidal cells and 100 interneurons

Connectivity

AMPA  AMPA GABA ee AMPA p=0.1-0.5
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Low CCH induces sub-threshold g oscillations.

Simulations ' 20 mV VAVAV A VIVS
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Asynchronous CCH-qfor low CCH
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Asynchronous CCH-q for low CCH.

- The network undergoes non-synchronized sub-threshold theta oscillations

Simulations Experimental data
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between ly,, and I (Haas and White, 2002, Fellous et al. 2001). It is triggered by a
small depolarization (e.g. blockade of I,,).
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Transition sub-threshold CCH-q/CCH-dis reversible
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