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Introduction 
Glucose homeostasis is the mechanism by which blood glucose levels are maintained within a healthy range despite 

variations in food consumption, physical activity and metabolic demand. This mechanism is highly dependent on the 

coordinated activity of insulin, glucagon, liver, skeletal muscle, adipose tissue and pancreatic islet cells. Among these 

components, pancreatic β-cells are central, sensing changes in circulating glucose and releasing insulin accordingly[1].  

The electrical characteristics of the β-cells allow a quick response to glucose. Membrane potential: The electrical gradient 

generated by ion transport across the plasma membrane. In β-cells, this electrical state is regulated by glucose metabolism, 

coupling nutrient sensing to insulin production. Thus, ion channels are molecular translators of metabolic changes into 

electrical impulses and ultimately the production of hormones. K_ATP, voltage gated calcium and voltage gated potassium 

channels are particularly crucial in this mechanism [2].  
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 Abstract 
Pancreatic β-cells, insulin release, peripheral tissues and cellular signalling pathways interact in a coordinated 

manner for the maintenance of glucose homeostasis. Membrane potential of excitable cells is a critical, although 

sometimes neglected, part of this process. The membrane potential is established by the uneven distribution of ions 

on the two sides of the plasma membrane and is mainly regulated by ion channels and transporters. In pancreatic 

β-cells, changes in membrane potential are generated through ATP-sensitive potassium (K_ATP) channels, in 

response to variations in glucose metabolism. Enhanced glucose metabolism causes increased intracellular ATP, 

leading in the closure of K_ATP-channels, membrane depolarisation, activation of voltage-dependent calcium 

(Ca^2+) channels and Ca^2+ influx, which increases insulin secretion. Voltage-dependent potassium (K_V), 

calcium-activated potassium (K_Ca), calcium channels and other ion channels later modulate electrical activity 

and insulin release. These pathways can be disturbed in diabetes mellitus by prolonged hyperglycaemia, 

lipotoxicity, oxidative stress, mitochondrial dysfunction and altered intracellular calcium homeostasis. Thus, 

aberrant ion-channel activity may lead to poor β-cell electrical activity, decreased insulin production and 

increasing metabolic dysfunction. Ion channels are also involved in vascular and neuronal consequences of 

diabetes. Thus, understanding the membrane potential and modulation of ion channels provides a crucial 

foundation to comprehend the physiological basis of glucose dysregulation and may discover novel biomarkers and 

therapeutic targets in diabetes mellitus. 
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Recent work has also emphasised the significance of membrane potential and calcium signalling in diabetes. Maduike, 

Nnodim and Nnodim considered the membrane potential as a possible laboratory biomarker in type 2 diabetes, and related 

it to ion channels, β-cell activity, oxidative stress and glycaemic control. Similarly, Nnodim and Ozoemena stated that 

calcium signalling and its modulation by ion channels and transporters are critical for insulin secretion and glucose 

homeostasis, and dysregulation of calcium homeostasis is associated with β-cell failure in diabetes[3]. 

Cell Function and Membrane Potential  
Membrane potential is the charge differential across a cell membrane . This is due to the differential in ionic concentration 

across the plasma membrane and the selective permeability to ions like K+ , Na+ , Ca2+ and Cl- . The electrical state of 

the cell is determined by these charged particles controlled by ion channels.  

Potassium conductance plays a particularly essential role in setting the resting membrane potential of pancreatic β-cells. 

K_ATP channels are relatively open at low glucose levels, facilitating K+ efflux and a negative membrane potential. This 

blocks electrical activity in the β-cell while reducing calcium entrance and insulin secretion.  

As glucose concentration rises, glucose enters the β-cell and undergoes glycolysis and mitochondrial metabolism. The 

consequent rise in ATP compared to ADP blocks K_ATP channels. The decreased potassium conductance induces a 

depolarisation of the membrane. This depolarisation brings the membrane potential closer to the activation threshold of 

voltage-dependent calcium[4] channels[4]. 
 

K ATP Channel and Glucose Sensing  
The K_ATP channel is among the most critical linkages between electrical activity and cellular metabolism. In pancreatic 

β-cells, it is mostly constituted of Kir6.2 potassium-channel subunits and SUR1 regulatory subunits. Its activity is 

controlled by the quantities of intracellular ATP and ADP. At low glucose concentrations, the low ATP synthesis keeps K 

ATP channels sufficiently active to maintain membrane hyperpolarisation. Metabolism increases the intracellular 

ATP/ADP ratio after a rise in glucose. The ATP-dependent blockage of K_ATP channels reduced K^+ outflow and 

depolarised the plasma membrane[5].  

Thus, KATP channels are metabolic sensors and electrical switches coupling glucose metabolism to insulin production. 
 

Calcium channels in insulin secretion  
Insulin secretion is not merely a consequence of membrane depolarisation. It has to be translated into an intracellular 

calcium signal. The β-cell membrane depolarises to the appropriate threshold, voltage-dependent Ca 2+ channels open, 

and Ca 2+ enters the cell.  

The subsequent rise of intracellular Ca²⁺ concentration activates the machinery for exocytosis of insulin-containing 

secretory granules. Thus, calcium is an important second messenger coupling electrical activity and hormone release[6]. 

Ca 2+ signalling is also modulated by intracellular storage, calcium pumps, exchangers and other calcium-permeable 

channels. According to Nnodim and Ozoemena, the voltage-gated calcium channels, transient receptor potential channels, 

store-operated calcium-entry routes and calcium ATPases are essential regulators of calcium transport and intracellular 

calcium homeostasis in diabetes. 

Thus, interruption at any stage in Ca2+ entry, storage, buffering, or extrusion can alter β-cell function. Excessive or 

prolonged increase of intracellular Ca²⁺ may also lead to cellular stress, mitochondrial malfunction and β-cell injury[7]. 
 

Potassium Channel Function in Membrane Repolarisation  
Although the main players in glucose-induced depolarisation are the K_ATP channels, other potassium channels modulate 

the duration and pattern of beta-cell electrical activity. After depolarisation , voltage - dependent potassium channels open, 

allowing K + to exit from the cell. This leads to membrane repolarisation and prevents the duration of calcium-channel 

activation[8].  

The calcium-potassium channel interaction is thus important in the rhythmic electrical activity of beta-cells. Potassium 

currents are activated by depolarisation and calcium entering to bring the membrane back to a more negative potential. 

This reduces calcium influx. This helps make insulin secretion pulsatile.  

Disruption of this finely tuned balance might lead to improper membrane excitability and aberrant insulin secretion [10]. 
 

Dysfunction of Membrane Potential in Diabetes Mellitus  
Diabetes mellitus is associated with severe metabolic alterations which can impact ion-channel function. Chronic 

hyperglycaemia promotes oxidative stress, changes mitochondrial metabolism and may interfere with intracellular 

signalling. Lipotoxicity, inflammation, endoplasmic-reticulum stress and mitochondrial malfunction may further impair β-

cell function [11].  
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Ion channels are sensitive to metabolic and cellular circumstances and perturbations can change channel expression, 

activity or regulation. Abnormal K_ATP-channel activity might disrupt the natural link between glucose metabolism and 

membrane depolarisation. In a similar way, abnormal voltage-dependent calcium-channel activity may lead to insufficient 

or excessive calcium influx[12]. At the level of calcium signalling, disturbance of intracellular calcium control may lead 

to decreased insulin production, β-cell dysfunction and metabolic abnormalities [13].  

Membrane Potential, Ion Channels and Oxidative Stress  
Oxidative stress is an essential method by which diabetes may impair the electrical activity of cells. Chronic 

hyperglycaemia may augment the creation of reactive oxygen species and mitochondrial dysfunction may further affect 

ATP synthesis and the redox homeostasis of the cells[14].  

Since ATP is directly involved in control of K_ATP channels, alterations in mitochondrial metabolism may influence 

membrane potential. Oxidation damage of membrane proteins, composition alterations of lipids and alteration of 

intracellular calcium may also alter ion-channel function[15].  

Association of membrane potential with antioxidant related measures in diabetes has been observed, supporting the 

hypothesis that electrical properties of membrane may represent wider metabolic and oxidative disturbances[16].  

Ion Channels and Glucose Homeostasis Outside the β-Cell  
Ion channels are not exclusive to pancreatic β-cells. They play a significant role in vascular smooth muscle, endothelial 

cells, neurones, skeletal muscle and other tissues involved in glucose metabolism[17].  

Potassium channels in vascular tissues are involved in membrane polarisation and control calcium entry, contraction and 

relaxation of the vessels. Therefore, alterations in ion-channel function coupled to diabetes could be involved in the vascular 

dysfunction.  

In the neurological system, potassium and calcium channels are responsible for neurone excitability, neurotransmitter 

release and signal transmission. Changes in these systems can contribute to the development of diabetic neuropathy 

complications[18].  

Ion channels may also indirectly affect insulin sensitivity by impacts on vascular perfusion, neural control and cellular 

metabolism. Thus, membrane potential should be regarded as a property of an integrated physiological network and not an 

individual property of pancreatic β-cells [19]. 
 

Membrane Potential as a Biomarker Candidate  
Glucose and glycated haemoglobin are the traditional laboratory assessment of diabetes and both are significant in giving 

information on glycaemic state. However, these assessments are, for the most part, metabolic outputs instead of the 

physiological mechanisms responsible for altered glucose regulation[20].  

The membrane potential is of interest in that it represents the functional status of ion channels and cell membranes. The 

membrane potential was presented as a possible laboratory biomarker in type 2 diabetes, relating it to β-cell activity, ion 

channels, oxidative stress and glycaemic control[21].  

Moreover, although further research is needed before membrane-potential measurements can be routinely integrated into 

clinical diagnosis, the investigation of membrane electrical characteristics may provide significant information concerning 

cellular dysfunction associated with diabetes[22]. 
 

Therapeutic Implications  
The study of ion channels has already made an impact on treatments for diabetes. For example, sulfonylureas function, in 

part, by inducing closure of pancreatic β-cell K_ATP channels, hence stimulating membrane depolarisation and insulin 

secretion. This pharmacological concept shows the therapeutic value of the association of ion channels and membrane 

potential[23].  

Future strategies may aim at more targeted control of K_ATP, voltage-gated calcium, potassium and other ion channels, 

while retaining normal β-cell electrical activity. Strategies to preserve mitochondrial function to reduce oxidative stress 

and preserve intracellular calcium homeostasis may also indirectly safeguard ion-channel function.  

However, since ion channels are expressed in the whole body, therapeutic modulation should be selective enough to 

minimise adverse effects on cardiac, vascular, neuronal and other tissues[24,25]. 
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The membrane potential is of interest in that it represents the functional status of ion channels and cell membranes. The 

membrane potential was presented as a possible laboratory biomarker in type 2 diabetes, relating it to β-cell activity, ion 

channels, oxidative stress and glycaemic control[21].  

Moreover, although further research is needed before membrane-potential measurements can be routinely integrated into 

clinical diagnosis, the investigation of membrane electrical characteristics may provide significant information concerning 

cellular dysfunction associated with diabetes[22]. 

Therapeutic Implications  
The study of ion channels has already made an impact on treatments for diabetes. For example, sulfonylureas function, in 

part, by inducing closure of pancreatic β-cell K_ATP channels, hence stimulating membrane depolarisation and insulin 

secretion. This pharmacological concept shows the therapeutic value of the association of ion channels and membrane 

potential[23].  

Future strategies may aim at more targeted control of K_ATP, voltage-gated calcium, potassium and other ion channels, 

while retaining normal β-cell electrical activity. Strategies to preserve mitochondrial function to reduce oxidative stress 

and preserve intracellular calcium homeostasis may also indirectly safeguard ion-channel function.  

However, since ion channels are expressed in the whole body, therapeutic modulation should be selective enough to 

minimize adverse effects on cardiac, vascular, neuronal and other tissues[24,25]. 

Conclusion 
Membrane potential is an important physiological connection between glucose metabolism and insulin production. In 

pancreatic β-cells, K_ATP channels couple changes in cellular ATP synthesis to changes in membrane potential, while 

voltage-dependent calcium channels couple depolarisation to intracellular Ca2+ signals that activate insulin release. Then 

other potassium and calcium channels control repolarisation of the membrane, calcium dynamics, and the pattern of 

electrical activity.  

In diabetes mellitus, prolonged hyperglycaemia, oxidative stress, lipotoxicity, mitochondrial dysfunction and altered 

calcium homeostasis might destabilise the highly regulated system. The ensuing ion-channel and membrane-potential 

anomalies might contribute to impaired insulin production and eventual β-cell failure. Because identical ion-channel 

processes exist in vascular and neural tissues, their malfunction may also play a role in the diabetic consequences.  

Understanding the biology of membrane potential and ion-channels thus provides a crucial biological framework for 

understanding glucose homeostasis and diabetes mellitus. Additional research on the membrane potential, activity of 

potassium and calcium channels may aid in the identification of novel biomarkers and conventional therapies for the 

prevention and treatment of diabetes. 
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