The equilibrium potential is the membrane potential at which the “force” driving an ion down its concentration gradient is balanced by the “force” of the difference in potential outside and inside the cell.


(The presence of channels permeable to other ions, however, may prevent the cell from ever reaching the equilibrium potential for a given ion.)

Goldman-Hodgkin-Katz equation:

A hypothetical ion X is positive, and has an equilibrium potential of –70, but all channels that conduct X are closed. The membrane potential is currently at rest at –30. Which way will the X ions flow when the channel is open? Which way would they flow if the membrane potential were at –10? What about –30?

The voltage-clamp technique uses two electrodes, both inserted into the axon. One electrode measures the voltage across the membrane, and the other injects current into the axon until it reaches that voltage. The current flowing through the electrode is equal to the current flowing through the ionic channels.

Activation refers to the opening of a channel, as when Na+ channels open in response to membrane depolarization.

Deactivation refers to the closing of a channel, as when K+ channels close when the membrane is repolarized.

Inactivation refers to the blocking of a channel, preventing it from opening, as when Na+ channels are blocked after the peak of an action potential.

Deinactivation refers to the unblocking of a channel, allowing it to (potentially) be activated again, as when Na+ channels gradually unblock after the hyperpolarization phase of an action potential.

Patterns of neural activity:

Regular firing: trains of action potentials one spike at a time that slow down in frequency with time. Examples: cortical and hippocampal pyramidal cells.


Burst firing: clusters of action potentials that occur when the membrane is brought above the firing threshold. Examples: thalamic relay neurons, inferior olivary neurons, cortical and hippocampal pyramidal cells.


Short duration: some cells can discharge at frequencies greater than 300 Hz. Examples: interneurons in the cortex, thalamus, and hippocampus.


Pacemakers: slow, rhythmic firing (1-10 Hz). Associated with neuromodulatory transmitters: acetylcholine, norepinephrine, serotonin, histamine. Project widely throughout the brain, set “state” of many different neural networks.

Ion channels:


IM: K+ current that slowly turns on over tens of milliseconds after a neuron is depolarized. Leads to a decrease in the response of the cell to depolarization. Reduced by the activation of a wide variety of receptors, which results in a greater response to depolarizing inputs. Neuromodulatory systems may control the activity in cortical and hippocampal networks by activating/inactivating these channels.


IA: K+ current that activates with depolarization, but then inactivates soon thereafter. Believed to be important in controlling the rate of action potential generation. Also leads to delayed firing.


INAP: NA+ current that does not inactivate. Threshold for activation is below the action potential threshold. Can enhance response to subthreshold depolarizing inputs.


IT: Ca+ current that deinactivates when the membrane is hyperpolarized enough. During sleep, the membrane potential of thalamic relay neurons is kept low, so these currents generate rhythmic bursts of action potentials. When an animal wakes, the potential rises, the Ca+ current is abolished, and the oscillatory burst spiking is replaced by single spikes.


IH: Na+ and K+ channel that turns on slowly in response to hyperpolarization. Equilibrium potential is –35 mV. Helps the IT channels generate rhythmic activity. The number of channels open sets the rate of oscillation.
