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In my 28 years of academic lecturing, it always 
amazes me how uneducated students and the 
general public are to the importance and regulation of 
water and electrolyte balance.  It amazes me because 
are body mass is about 75% water, and within that 
are important stores of electrolytes that are also 
linked in function and regulation to kidney function, 
bone function, blood volume and the effectiveness of 
our cardiovascular system, neuromuscular function, 
and in fact all of our nervous system.  Furthermore, 
,many individuals who suffer from sedentary lifestyle 
diseases also have impaired or dysfunctional 
electrolyte balances, some of which (e.g. potassium; 
K+) are potentially life threatening.  We covered the 
regulation of fluid balance in another Topic, and here 
we focus on the related regulation of electrolytes. 

 
Yes, the human body contains about 75% of the lean body mass as water.  However, 
this is not simply plain water, but water that is regulated to contain a remarkably narrow 
range of electrolyte concentrations to specialized cell functions and life.  Yes, 
imbalances in the electrolyte concentrations of body fluid are life threatening. 
 
The body’s water functions as a solvent within which are nutrients, waste products, and 
charged particles called cations and anions.  The charged molecules that dissociate 
into charged elements, such as sodium, chloride, potassium, calcium and 
magnesium, are called electrolytes (Equation 1). 
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Electrolytes are important because excitable cells regulate the concentrations of 
sodium, potassium and chloride surrounding their membranes to generate a voltage 
difference across the membrane (membrane potential).  Many cells also use these 
concentration and charge gradients to facilitate and energize molecular transport across 
the cell membrane.  Due to the importance of the net charge as well as concentration of 
electrolytes, a special concentration expression, based on charge, exists and has the 
units mEq/L as expressed in Equation 2.  Note that 1 mEq/L = 1 mOsmol/kg water. 
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Thus, the concentration of electrolytes, regardless of charge, is also equal to the same 
number of mOsmol, thereby contributing to the total solute and water forces that drive 
osmosis.  The total solute concentration of body fluids, such as blood, therefore also 
controls movement of solutes and water between fluid compartments in the body.  The 



Regulation of Electrolyte Balance 

 

2 

 

 
Figure 1. Normal concentrations of the main charged elements and compounds in blood and 
muscle. 

typical range of osmolality of body fluids is between 280 and 290 mOsmol/kg.  Severe 
dehydration can cause blood osmolality to increase above 300 mOsmol/kg. 

Another challenge for electrolyte regulation in the body is that electrolyte concentrations 
differ between intracellular, interstitial and vascular (blood) fluid compartments.  
Figure 1 illustrates the concentration differences in electrolytes and charged molecules 
between the cellular and vascular fluid compartments.  I will explain electrolyte 
regulation organized by the main electrolytes of the body; sodium, potassium, calcium 
and chloride.  Bicarbonate is another important negatively charged molecule, but I talk 
about this in detail in the Sections on Pulmonary Function and Metabolic Acidosis. 
 
Sodium 
As shown in Figure 1, sodium is the main electrolyte of the extracellular fluid with a 
typical concentration in blood of 140 mq/L, and as such is the pivotal electrolyte to be 
regulated to regulate blood osmolality.  As already detailed, a main hormone that 
influence sodium excretion or reabsorption in the kidney is aldosterone.  However, due 
to the role of sodium in largely determining blood osmolality, change is in blood sodium 
also influence osmolality, and therefore are also involved in the ADH mechanism of 
water reabsorption from the collecting ducts of the kidney and the opposing regulation 
provide by atrial natriuretic peptides. 
 
Some athletes have had serious medical complications arising from clinically low (<135 
mEq/L) concentrations of serum sodium, called hyponatremia.  In most athletes this 
has been caused by excess ingestion of water or other low osmolality fluid. 
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Potassium 
Potassium is the main intracellular cation, and as explained in the Topics of 
neuromuscular physiology, potassium is a major determinant to the membrane potential 
of excitable cells.  Thus, potassium concentrations of both the intra- and extracellular 
fluid compartments must be tightly regulated.  The normal blood concentration of 
potassium is 4.5 mEq/L.  Excess blood potassium (hyperkalemia), or low potassium 
(hypokalemia) are both life threatening conditions that influence the electrical 
conduction of the heart and nerves. 
 
Exercise places an added strain on potassium regulation, as potassium leaks out of 
muscle during repeated muscle contractions, and also leaves muscle to compensate for 
charge alterations with and outside of muscle cells during intense exercise and 
metabolic acidosis.  During recovery from exercise, potassium is reabsorbed back into 
tissues, causing a rapid reduction in blood potassium.  Such changes are believed to be 
influential to the cause of post-exercise cramp. 
 
As with sodium, potassium regulation is carried out by the kidney.  However, the kidney 
has a far greater capacity for potassium excretion than reabsorption, and sodium 
reabsorption is coupled to potassium excretion.  Thus, adequate dietary intake of 
potassium is crucial for long term potassium balance within the body. 
 
Calcium 
Calcium regulation in the body primarily involves bone physiology, as 99% of the body’s 
calcium is in the form of calcium-phosphate within bone.  Of course, and as you 
should know already, calcium is also of vital importance to the cellular regulation of 
energy metabolism, muscle contraction, nerve function and blood clotting.  The two 
hormones that regulate body calcium are parathyroid hormone (parathyroid gland) 
and calcitonin (thyroid gland). 
 
Parathyroid hormone (or parathormone) is released when blood calcium concentrations 
decrease below the normal 5 mEq/L (hypocalcemia), and release is inhibited during 
hypercalcemia.  The target tissues for parathyroid hormone are bones, the kidneys and 
the intestine.  Bone stimulation activates osteoclasts which degrade bone mineral 
(releases calcium and phosphate ions into the blood.  Kidney stimulation results in 
increased reabsorption of calcium, and within the intestine there is enhanced calcium 
absorption through increased activation of vitamin D.   
 
Calcitonin is released from the neighboring thyroid gland during hypercalcemia.  
Calcitonin inhibits bone mineral degradation and stimulates osteoblasts to form new 
bone matrix.  Calcitonin also inhibits calcium excretion by the kidney. 
 
Chloride 
Chloride is the main negatively charged ion in body fluid, and especially the blood.  As 
such, it functions along with sodium to establish normal blood osmolality, while the 
same time helping to oppose the positive charge of sodium. 
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Glossary Words 
 
electrolytes are elements that have gained or lost one or more electrons to become 
negatively or positively charged, respectively. 
 
cations are positively charged electrolytes. 
 
anions are negatively charged electrolytes. 
 
sodium (Na+) is the main cation of the body involved in fluid balance and excitable cell 
membrane potentials and action potentials. 
 
chloride (Cl-) is the main anion of the body. 
 
potassium is an important cation involved in excitable cell membrane potentials and 
action potentials. 
 
calcium (Ca2+) is an important cation and cellular second messenger involved in 
myocardial cell membrane potentials and action potentials, nerve action potential 
conduction, and muscle (all types) contraction. 
 
magnesium (Mg2+) is an important electrolyte responsible for the activity of numerous 
enzymes, and especially the ATPase enzymes. 
 
membrane potential refers to the relative charge (inside to out) surrounding an 
excitable membrane (one that can generate an action potential). 
 
mOsmol is the unit of concentration particles dissolved in water, and hence contributing 
to osmotic force. 
 
dehydration is the condition of below normal body water. 
 
intracellular refers to inside a cell. 
 
interstitial refers to within the extravascular space between cells 
 
vascular refers to within the blood vessels of the vascular system. 
 
fluid compartments are the three locations of body fluid; vascular, interstitial, and 
intracellular. 
 
hyponatremia is the term for a lower than normal concentration of blood sodium; < 135 
mEq/L. 
 
hyperkalemia is the term for a higher than normal concentration of blood potassium. 
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hypokalemia is the term for a lower than normal concentration of blood potassium. 
 
calcium-phosphate is the main storage form of calcium in the body, and which is 
predominantly located in bone. 
 
parathyroid hormone is a hormone involved in blood calcium regulation via activation 
of osteoclasts that degrade bone and release calcium. 
 
calcitonin is a hormone involved in blood calcium regulation via activation of 
osteoblasts and the uptake of calcium into new bone formation. 
 
hypocalcemia refers to a decrease below normal for blood calcium. 
 
hypercalcemia refers to an increase above normal for blood calcium. 
 
osteoclasts are specialized cells in the bone matrix responsible for hormone regulated 
bone degradation and calcium release. 
 
osteoblasts are specialized cells in the bone matrix responsible for hormone regulated 
calcium uptake and bone formation. 
 

 


