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Understanding Equilibrium Membrane Potential for
Sodium (Na")

Equilibrium membrane potential is a fundamental concept in cellular physiology, particularly in
the study of neurons and muscle cells. It refers to the electrical potential difference across a cell
membrane that precisely balances the concentration gradient of a particular ion, preventing net
movement of that ion across the membrane. In this article, we will delve into the specifics of the
equilibrium membrane potential for sodium ions (Na+), discussing its significance, calculation, and
physiological implications.

The Concept of Membrane Potential

To grasp the equilibrium membrane potential for Na+, we first need to understand what membrane
potential is. The membrane potential is the voltage difference between the inside and outside of a
cell, created by the uneven distribution of ions. This potential is crucial for the function of excitable
cells, such as neurons and muscle fibers.

Key Factors Affecting Membrane Potential

The membrane potential is influenced by several factors, including:

¢ Tonic Concentration Gradients: The difference in ion concentrations inside versus outside
the cell.

e Permeability of the Membrane: The ease with which ions can cross the membrane, which is
determined by the presence of ion channels.

 Electrogenic Pumps: Active transport mechanisms like the sodium-potassium pump (Na*/K"
ATPase) that help maintain ionic gradients.

Equilibrium Potential Defined

The equilibrium potential (also known as the reversal potential) for an ion is the membrane voltage



at which there is no net movement of that specific ion across the membrane. For sodium ions, this is
a critical value, as it indicates the membrane potential at which the inward flow of Na+ ions due to
their concentration gradient is exactly balanced by the outward flow due to the electrical gradient.

Calculation of Equilibrium Potential for Sodium

The equilibrium potential for an ion can be calculated using the Nernst equation, which is given as
follows:

\[
E {ion} = \frac{RT}{zF} \In \left( \frac{[ion] {outside}}{[ion] {inside}} \right)

\]

Where:
-\(E_{ion}\) is the equilibrium potential for the ion in volts (mV).

-\(R\) is the universal gas constant (8.314 J/(mol-K)).
-\(T\) is the absolute temperature in Kelvin.

-\(2\) is the valence of the ion (for Na+, \(z = +1\)).
-\(F\) is Faraday's constant (96485 C/mol).

-\([ion] {outside}\) and \([ion] {inside}\) are the concentrations of the ion outside and inside the
cell, respectively.

In physiological conditions (at 37°C, or 310 K), the Nernst equation simplifies for monovalent ions
like Na+ to:

\[
E {Na} = 61.5\log \left( \frac{[Na~+] {outside}}{[Na”~+] {inside}} \right)

\]

Example Calculation

Let's say a typical neuron has the following concentrations:
-\([Na”~+] {outside} = 145 mM\)
-\([Na™+] {inside} = 12 mM\)

Substituting these values into the simplified Nernst equation:

\[
E {Na} = 61.5\log \left( \frac{145}{12} \right)

\]

Calculating the logarithm:

\[
E {Na} =61.5\log (12.083) \approx 61.5 \times 1.082 = 66.6 \, mV

\]



Thus, the equilibrium potential for sodium in this neuron would be approximately +66.6 mV.

Physiological Implications of Sodium Equilibrium
Potential

The equilibrium potential for Na+ plays a crucial role in various physiological processes, particularly
in action potential generation and propagation in neurons.

Action Potentials

1. Resting State: At rest, a neuron exhibits a negative membrane potential (around -70 mV) primarily
due to the permeability of potassium ions (K+).

2. Depolarization Phase: When a stimulus occurs, voltage-gated sodium channels open, allowing Na+
to flow into the cell. The influx of positively charged sodium ions causes depolarization, rapidly
driving the membrane potential towards the sodium equilibrium potential (+66.6 mV).

3. Repolarization Phase: Shortly after depolarization, sodium channels close and potassium channels
open, allowing K+ to exit the cell, which restores the negative membrane potential.

Role in Excitability

The difference between the resting membrane potential and the sodium equilibrium potential affects
neuronal excitability:

- A larger difference (more negative resting potential compared to \(E_{Na}\)) increases the
likelihood of action potentials, making the neuron more excitable.

- Conversely, if the resting membrane potential approaches \(E_{Na}\), the neuron becomes less
excitable, as it requires a stronger stimulus to reach the threshold for firing an action potential.

Clinical Relevance

Understanding the equilibrium potential for sodium is not only fundamental for basic physiology but
also has clinical implications. Disruptions in sodium balance or membrane potential can lead to
various pathologies:

e Hypernatremia: Elevated sodium levels in the blood can cause cells to become depolarized,
leading to neurological symptoms.

e Hyponatremia: Low sodium levels can result in cellular swelling and potential neurological
deficits due to impaired action potential generation.

¢ Neuropharmacology: Many medications, such as anticonvulsants, target sodium channels to



modulate excitability in neurons.

Conclusion

In summary, the equilibrium membrane potential for sodium (Na+) is a key concept in
understanding the electrical activity of excitable cells. By using the Nernst equation, we can
calculate the equilibrium potential, which has significant implications for neuronal action potentials
and overall cellular excitability. A thorough understanding of these mechanisms is essential for both
physiological studies and clinical applications in neurology and other fields.

Frequently Asked Questions

What is the equilibrium membrane potential for sodium (Na+)
ions?

The equilibrium membrane potential for sodium ions is typically around +60 mV, indicating the
voltage at which the inward and outward flux of Na+ ions is balanced.

How is the equilibrium membrane potential for Na+
calculated?

The equilibrium membrane potential for Na+ can be calculated using the Nernst equation: E Na =
(RT/zF) In([Na+]outside/[Na+]inside), where R is the universal gas constant, T is the temperature in
Kelvin, z is the charge of the ion, and F is Faraday's constant.

Why is the equilibrium potential for Na+ important in
neuronal signaling?

The equilibrium potential for Na+ is crucial in neuronal signaling because it influences the action
potential generation; when a neuron depolarizes, Na+ channels open, allowing Na+ to flow into the
cell, driving the membrane potential towards E Na.

What role does the sodium-potassium pump play in
maintaining equilibrium membrane potential?

The sodium-potassium pump actively transports Na+ out of the cell and K+ into the cell, helping to
maintain the concentration gradients necessary for the equilibrium membrane potential and overall
cell excitability.

How does changing the extracellular sodium concentration



affect the equilibrium membrane potential?

Increasing the extracellular sodium concentration will raise the equilibrium membrane potential for
Na+, making it more positive, while decreasing it will lower E Na, thus influencing neuronal
excitability and action potential dynamics.
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