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ELECTROLYTES

 Are ions capable of carrying an electric charge (cations or anions)

  The dietary requirements for electrolytes vary widely; some need to be Consumed only in small amounts. 

Others, such as calcium, potassium and Phosphorus, are excreted continuously and must be ingested 

regularly to Prevent deficiency

 They are involved in many processes:

  Volume and osmotic pressure (Na, K, Cl)

  Myocardial rhythm and contractility (K, Mg, Ca)

  Cofactors in enzyme activation (Mg, Ca, Zn)

  Regulation of ATPase ion pump (Mg)

  Acid-base balance (HCO3, K, Cl)

  Blood coagulation (Ca, Mg)

  Neuromuscular excitability (K, Ca, Mg)

  Production and use of ATP from glucose (Mg, PO4)



WATER

In a 70-kg man, the total body water is about 42L (60%), ICF(28L) and ECF (14 L, 

plasma (3.5 L) and interstitial fluid (10.5L))

 Daily water intake is 1.5-2L

 Women have lower water content than men (more fat)

 Importance of water in human body:

 Transport nutrient to the cells

 Determine cell volume by its transport into and out of cells

 Remove waste products (urine)

 Body coolant (sweating)



WATER

The concentration of ions inside the cells and in plasma is maintained by passive 

diffusion and active transport through ATPase-dependent ion pump

 Most biological membranes are permeable to water but not ions

 Water and sodium output

 Kidneys and gastrointestinal tract

 Sweat and expired air: about 1L daily

 Factors that affect the flow of water across the membrane

 Ions and proteins at one side of the membrane

 Blood pressure



CLINICAL FEATURES OF HYDRATION 
PROBLEMS



CONTROL OF WATER BALANCE

Both intake and loss of water are controlled by osmotic gradient across cell membrane in the 

brain hypothalamic osmoreceptor centre

These centres control thirst and secretion of antidiuretic hormone (ADH)=AVP (arginine 

vasopressin hormone)

Thirst is the major defense mechanism against hyperosmolality and hypernatremia

Antidiuretic hormone:

 Is polypeptide with t1/2 of 20 min

Synthesized by the hypothalamus and secreted by the posterior pituitary

 2% increase in osmolality lead to 4 times increase in ADH

Low blood pressure and severe hypovolemia stimulate ADH release

Stress due to vomiting, nausea and pain may increase ADH secretion

ADH act by increasing the reabsorption of water in cortical and medullary collecting tubules



CONTROL OF WATER BALANCE



CONTROL OF WATER BALANCE

Hypernatremia rarely occurs in a person with a normal thirst mechanism and access to 

water, it becomes a concern in:

 Infants

Unconscious patients

Anyone who is unable to drink or ask for water.

People who are older than 60 where osmotic stimulation of thirst progressively diminished

  In the older patient with illness and diminished mental status, dehydration becomes 

increasingly likely example of the effectiveness of thirst in preventing dehydration

A patient with diabetes insipidus (no ADH) may excrete 10 L of urine daily, but as water 

intake matches output, plasma sodium remains normal



OSMOLALITY

Physical property based on the conc. of solutes (in mmol) per kg of solvent (w/w). This affect 

different properties of solution as:

  Freezing point depression

  Vapor pressure decrease

 Increase in osmolality will induce secretion of ADH enzyme while decrease in osmolality will 

lead to turning off ADH secretion

 Osmolal gap is the difference between the measured osmolality and the calculated osmolality

 Osmolal gap indirectly indicates the presence of osmotically active substances other than 

sodium, urea, or glucose, such as ethanol, methanol, ethylene glycol, lactate, or β- 

hydroxybutyrate.



SIGNIFICANCE OF OSMOLALITY

 Because it is the parameter by which the hypothalamus responds

 It affects Na concentration as it represents 90% of osmotic activity in Plasma

 Na concentration is also affected by blood volume



DETERMINATION OF OSMOLALITY

 Osmolality may be measured in serum or urine.

 Plasma use is not recommended because osmotically active substances may be 

introduced into the specimen from the anticoagulant.

 Samples must be free of particulate matter to obtain accurate results.

 Turbid serum and urine samples should be centrifuged before analysis



DETERMINATION OF OSMOLALITY

 Osmometers are standardized by NaCl solution, then the freezing point of the sample is 

measured and this is compared to the calculated value as double of serum sodium or 

according to the following 2 formulas:

"



NORMAL RANGES



Electrolytes, Sodium (Na)

 Body contains about 3000 mmol of sodium mainly in ECF

 Sodium daily intake is about 60-150 mmol

 Sodium balance is regulated by blood flow and aldosterone (hormone secreted by 

adrenal cortex)



Electrolytes, Sodium (Na)

Sodium is the most abundant cation in the ECF (90% of all extracellular cations) and largely 

determines the osmolality of the plasma.

Sodium concentration in the ECF is much larger than inside the cells, because a small 

amount of sodium can diffuse through the cell membrane.

To prevent equilibrium from occurring, active transport systems, such as ATPase-dependent 

ion pumps (moves 3 Na out of cell for each 2 K moving into the cell) are present in all cells



REGULATION OF SODIUM

The plasma sodium concentration depends on: the intake and excretion of water and the renal regulation of 

sodium

Three processes are of primary importance:

(1) The intake of water in response to thirst, as stimulated or suppressed by plasma osmolality (2)the 

excretion of water, largely affected by ADH release in response to changes in either blood volume or osmolality

(3) the blood volume status, which affects sodium excretion through aldosterone- angiotensin II and ANP 

(atrial natriuretic peptide)

 The kidneys have the ability to conserve or excrete large amounts of sodium, depending on the sodium 

content of the ECF and the blood volume, normally, 60-75% of filtered sodium is reabsorbed in the proximal 

tubule

 some sodium is reabsorbed in the loop and distal tubules (controlled by aldosterone) exchanged for K in the 

connecting segment and cortical collecting tubule.



REGULATION OF SODIUM



CAUSES OF HYPERNATREMIA

Excess water loss

Diabetes insipidus

Renal tubular disorder

Prolonged diarrhea

Profuse sweating

Severe burns

Decreased water intake

Older persons

 Infants

Mental impairment

Increased intake or retention

Hyperaldosteronism

Sodium bicarbonate excess

Dialysis fluid excess


