
Equilibrium Membrane Potential For Na
Labster Answer

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:

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

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:

\[
E_{ion} = \frac{RT}{zF} \ln \left( \frac{[ion]_{outside}}{[ion]_{inside}} \right)
\]

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.
- \(z\) 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:

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

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) ln([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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皮亚杰认知发展理论中的平衡（equilibrium）应该如何理解？
皮亚杰认知发展理论中的平衡（equilibrium）应该如何理解？ 看书看到了两种观点： 说法A：平衡是同化和顺应之间的均衡。 （在认知结构发展的过程中，同化和顺应既相互对立，
又相辅相成。 如果个 …

纳什均衡与 subgame perfect equilibrium 的区别？ - 知乎
Aug 6, 2015 · To rule out equilibria based on empty threats we need a stronger equilibrium concept
for sequential games: subgame-perfect equilibrium. In this case,one of the Nash equilibriums is …

经济、博弈、交通等领域的均衡（equilibrium）的概念有何异同？ …
经济、博弈、交通等领域的均衡（equilibrium）的概念有何异同？ 在发展的过程中有何相互的影响？ 经济领域有Walrasian equilibrium，博弈论中Nash
equilibrium是最核心的内容，交通领域则 …

爱神 (豆瓣)
Sep 10, 2004 · 爱神 为了张震来看的，却被Equilibrium吸引，结尾处梦境被一层层击穿的感觉好棒！ 纸飞机的镜头也很有意思，每当你以为它会揭开谜底时，导演又击破
你的幻想，一次次让它重新出发， …

怎样用划线法求纳什均衡？ - 知乎
感觉普通的两者纳什平衡的情景，可以通过求一个 偏微分 找到对于x的最大值点Xo，然后令Xo等于y，就可以求得出来了。

什么是「位势博弈（potential game）」？ - 知乎
potential game有个非常重要的意义，就是它是一定有Pure Nash Equilibrium的解的。 因为每个人对自己的策略的每次改变一定是单调的（因为总是使自己
的Utility更高），那么如果每个人的Utility …

纳什均衡 (Nash Equilibrium) - 知乎
“纳什均衡“是由美国数学家小约翰·福布斯·纳什（John Forbes Nash Jr），在1950年获得美国普林斯顿大学的博士学位的只有28页的博士论文中提出的一个“博弈论”
的概念，根据纳什的说法，“一个纳什平衡点是当其余参与者的策略保持不变时，能够令参与者的混合策略最大化其收益的一个n元 …

撕裂的末日 Equilibrium - 豆瓣电影
Dec 6, 2002 · 世界核战争后，政府给每个人注射一种麻痹情感神经的药物，使人们封闭感情，变成行尸走肉。 约翰·普雷斯顿（克里斯蒂安·贝尔 Christian Bale 饰）是
政府军事部门高级官员。他摧毁一切艺术品、工艺...

如何评价电影《撕裂的末日》 (Equilibrium)? - 知乎
Equilibrium (2002) - IMDb撕裂的末日 (豆瓣)维护和平的组织需要对本国内的各种可以引发人类情绪的东西进行销毁，于是一个类似于纠察队的组织成立了。作为该组织
的精英成员，约翰奉命要开启一个新纪元。然而想象不到的灾难却在约翰的心中慢慢的蔓延。

Fluent中的多孔介质换热非平衡态热导率如何设置？ - 知乎
2.5 区域设置 设置区域fluid-porous为多孔介质，并指定多孔介质参数，如下图所示 注：指定了多孔介质热模型为Non-Equilibrium后，会自动生成一个固体区域 如
下图所示设置固体区域的材料介质 2.6 修改边界条件 拷贝边界wall-hot的参数到wall_hot:006，如下图所示

皮亚杰认知发展理论中的平衡（equilibrium）应该如何理解？
皮亚杰认知发展理论中的平衡（equilibrium）应该如何理解？ 看书看到了两种观点： 说法A：平衡是同化和顺应之间的均衡。 （在认知结构发展的过程中，同化和顺应既相互对立，
又相辅相成。 如果个体只有同化没有顺应，认识就… 显示全部 关注者 8

纳什均衡与 subgame perfect equilibrium 的区别？ - 知乎
Aug 6, 2015 · To rule out equilibria based on empty threats we need a stronger equilibrium concept
for sequential games: subgame-perfect equilibrium. In this case,one of the Nash equilibriums is not
subgame-perfect equilibrium.

经济、博弈、交通等领域的均衡（equilibrium）的概念有何异同？ …
经济、博弈、交通等领域的均衡（equilibrium）的概念有何异同？ 在发展的过程中有何相互的影响？ 经济领域有Walrasian equilibrium，博弈论中Nash
equilibrium是最核心的内容，交通领域则有Wardrop equili… 显示全部 关注者 5



爱神 (豆瓣)
Sep 10, 2004 · 爱神 为了张震来看的，却被Equilibrium吸引，结尾处梦境被一层层击穿的感觉好棒！ 纸飞机的镜头也很有意思，每当你以为它会揭开谜底时，导演又击破
你的幻想，一次次让它重新出发，喜欢这一点不确定感。

怎样用划线法求纳什均衡？ - 知乎
感觉普通的两者纳什平衡的情景，可以通过求一个 偏微分 找到对于x的最大值点Xo，然后令Xo等于y，就可以求得出来了。

什么是「位势博弈（potential game）」？ - 知乎
potential game有个非常重要的意义，就是它是一定有Pure Nash Equilibrium的解的。 因为每个人对自己的策略的每次改变一定是单调的（因为总是使自己
的Utility更高），那么如果每个人的Utility function的改变如果能映射到一个potential function里，就会使这个potential function ...

Discover the equilibrium membrane potential for Na in our Labster answer. Dive into the science
behind it and enhance your understanding. Learn more!
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