FLUIDS AND ELECTROLYTES

INTRODUCTION


To maintain good health, a balance of fluids and electrolytes, acids and bases must be normally regulated for metabolic processes to be in working state.  A cell, together with its environment in any part of the body, is primarily composed of FLUID. Thus fluid and electrolyte balance must be maintained to promote normal function.

DEFINITION OF TERMS

1. Solvent- a liquid substance where particles can be dissolved

2. Solute- a substance, either dissolved or suspended in a solution

3. Fluid- a solution of solvent and solute

4. Electrolytes- particles which have an electrical charge capable of conducting electricity

5. Cation- ion which is positively charged

6. Anion- ion which is negatively charged

7. Electrolyte balance- electrical neutrality where equal number of cation match the number of anion

8. Acids- substances that can yield or donate Hydrogen (H+)

9. Alkalis- substances that can accept a hydrogen (H+); also called bases

10. Acid-Base balance- a state where body fluids maintain a stable ratio of H+ to bicarbonate

11. Acidosis- condition characterized by an excess of hydrogen ions/ acids where  pH falls to 7.34 and below

12. Alkalosis- condition characterized by an excess of bases or bicarbonate, where the pH rises to 7.46 and above

13. Buffer- a substance that regulates pH by maintaining a stable hydrogen ion concentration

14. Osmolality- solute concentration in milli-osmoles per liter of solvent

15. Osmolarity- the number of solute particles per liter of solution

16. Milliequivalent- refers to the combining power of the ion; the capacity of cation to combine with anion

17. Crystalloid- salts that dissolve readily into true solution

18. Colloid- substance such as protein that does not readily dissolve in true solution

THE BODY FLUIDS

A. Proportions of Body Fluids

· Total Body water (TBW) in an adult equals approximately 60% of the body weight. (Normal range is 46-60%)

· In a 70-kilogram adult male, 60% x 70= 42 liters

· Age, sex and body fat affect the proportion of H2O

· Infants have the HIGHEST percentage of water in the body, approximately 70-80%

· Older adults tend to lose muscle mass, thereby decreasing the water content

· Fatty tissues contain little or no water than lean tissues 


(with higher water content)

B. Distribution of Body Fluids

· Total body water is divided among compartments or spaces, separated by biologic membranes

· INTRAcellular compartment is INSIDE the cell

· EXTRAcellular compartment is OUTSIDE the cell

· The EXTRAcellular compartment is further divided into the INTRAvascular space and INTERStitial space.
·  A special space called TRANScellulAR SPACE is also recognized.
1. INTRACELLULAR FLUID

· Accounts for 2/3 of TBW in adults

· Contains water, solutes, electrolytes, etc.

2. EXTRACELLULAR FLUID

· Represents 1/3 of TBW in adults

· Found outside the cells

· Contains water, electrolyte, proteins, RBC, WBC, etc

· This is the transport system of the body

· Further subdivided into 3 sub compartments- the interstitial, intravascular and transcellular fluids

a. INTERSTITIAL COMPARTMENT OF THE ECF

· Fluid surrounding the cells

· Transports water by way of lymph and into capillaries

· Normally 2/3 of the ECF

b. INTRAVASCULAR COMPARTMENT OF THE ECF

· The blood plasma

· Found within the blood vessels

· Usually 1/3 of the ECF

c. TRANSCELLULAR COMPARTMENT OF THE ECF

· Fluids like the CSF, synovial fluid, peritoneal fluid, etc

· Fluid that is not readily utilized by the body

· Secreted by epithelial cells

C. Functions of the Body Fluids

1. Transporter of nutrients, wastes, hormones, proteins and etc

2. Medium or milieu for metabolic processes

3. Body temperature regulation

4. Lubricant of musculoskeletal joints

5. Insulator and shock absorber

D. Composition of Body Fluids

· The body fluids is composed of solute, solvents, Electrolytes, proteins, etc

· Plasma and interstitial fluids contain essentially the same electrolytes and solutes, but plasma has a higher protein content

· The major ICF electrolytes are potassium, phosphates and magnesium

· The major ECF electrolytes are sodium, bicarbonates and chloride

E. Tonicity of Body Fluids

· Tonicity refers to the concentration of particles in a solution

· Body fluids usually is ISOTONIC; example is 0.9% sodium chloride

· HYPERTONIC fluids have a higher or greater concentration of solutes (usually sodium) compared with plasma; example is 3%NaCl

· HYPOTONIC fluids have a lesser or lowers solute concentration than plasma; example is 0.45%, 0.33%NaCl solutions

· The normal tonicity or osmolarity of body fluids is 270-300 mOsm/L 

THE DYNAMICS OF BODY FLUIDS

· OSMOSIS

· This is the movement of water/liquid/solvent across a semi-permeable membrane from a lesser concentration to a higher concentration

· Osmotic pressure is the power of a solution to draw water across a semi-permeable membrane

· Colloid osmotic pressure (also called oncotic pressure) is the osmotic pull exerted by plasma proteins

2. DIFFUSION

· “Brownian movement” or “downhill movement”

· The movement of particles/solutes/molecules from an area of higher concentration to an area of a lower concentration

· This process is affected by:


a. the size of the molecules- larger size moves slower 


than smaller size


b. the concentration of solution- wide difference in 


concentration has a faster rate of diffusion


 c. the temperature- increase in temperature causes 


increase rate of diffusion

· Facilitated Diffusion is a type of diffusion which uses a carrier, but no energy is expended. One example is fructose and amino acid transport process in the intestinal cells. This type of diffusion is saturable.

3. FILTRATION

· This is the movement of BOTH solute and solvent together across a membrane from an area of higher pressure to an area of lower pressure

· Hydrostatic pressure is the pressure exerted by the fluids within the closed system in the walls of the container

4. ACTIVE TRANSPORT

· Process where substances/solutes move from an area of lower concentration to an area of higher concentration with utilization of ENERGY

· It is called an “uphill movement”

· Usually, a carrier is required, enzyme is utilized also.

a. Primarily Active Transport

· Energy is obtained directly from the breakdown of ATP

· One example is the Sodium-Potassium pump

b. Secondary Active Transport

· Energy is derived secondarily from stored energy in the form of ionic concentration difference between two sides of the membrane.

· One example is the Glucose-Sodium co-transport ; also the Sodium-Calcium counter-transport

THE REGULATION OF BODY FLUID BALANCE


To maintain homeostasis, many body systems interact to ensure a balance of fluid intake and output.  A balance of body fluids normally occurs when the fluid output is balanced by the fluid input

A. Systemic Regulators of Body Fluids

1. Renal Regulation 

· This system regulates sodium and water balance in the ECF

· The formation of urine is the main mechanism

· Substance released to regulate water balance is RENIN. Renin activates Angiotensinogen to Angiotensin-I, A-I is enzymatically converted to Angiotensin-II ( a powerful  vasoconstrictor)

2. Endocrine Regulation

· The primary regulator of water intake is the thirst mechanism, controlled by the thirst center in the hypothalamus (anterolateral wall of the third ventricle)

· Anti-diuretic hormone (ADH) is synthesized by the hypothalamus and acts on the collecting ducts of the nephron

· ADH increases rate of water reabsorption

· The adrenal gland helps control F&E through the secretion of ALOSTERONE- a hormone that promotes sodium retention and water retention in the distal nephron

· ATRIAL NATRIURETIC factor (ANF) is released by the atrial cells of the heart in response to excess blood volume and increased wall stretching. ANF promotes sodium excretion and inhibits thirst mechanism

3. Gastro-intestinal regulation

· The GIT digests food and absorbs water

· The hormonal and enzymatic activities involved in digestion, combined with the passive and active transport of electrolyte, water and solutions, maintain the fluid balance in the body.

B. Fluid Intake

· Healthy adult ingests fluid as part of the dietary intake.

· 90% of intake is from the ingested food and water

· 10% of intake results from the products of cellular metabolism

· usual intake of adult is about 2, 500 ml per day

· The other sources of fluid intake are: IVF, TPN, Blood products, and colloids

C. Fluid Output

· The average fluid losses amounts to 2, 500 ml per day, counterbalancing the input. 

· The routes of fluid output are the following: 

· Sensible and Insensible loss

· A.  SENSIBLE LOSS- Urine, feces or GI losses, sweat

· B.  INSENSIBLE LOSS- though the skin and lungs as water vapor

· URINE- is an ultra-filtrate of blood. The normal output is 1,500 ml/day or 30-50 ml per hour or 0.5-1 ml per kilogram per hour. Urine is formed from the filtration process in the nephron

· FECAL loss- usually amounts to about 200 ml in the stool

· Insensible loss- occurs in the skin and lungs which are not noticeable and cannot be accurately measured. Water vapor goes out of the lungs and skin.

THE ELECTROLYTES

Electrolytes are charged ions capable of conducting electricity and are solutes found in all body compartments.

1. Sources of electrolytes

· Foods and ingested fluids, medications; IVF and TPN solutions

2. Functions of Electrolytes

· Maintains fluid balance

· Regulates acid-base balance

· Needed for enzymatic secretion and activation

· Needed for proper metabolism and effective processes of muscular contraction, nerve transmission

3. Types of Electrolytes

· CATIONS- positively charged ions; examples are sodium, potassium, calcium

· ANIONS- negatively charged ions; examples are chloride and phosphates]

· The major ICF cation is potassium (K+); the major ICF anion is Phosphates 

· The major ECF cation is Sodium (Na+); the major ECF anion is Chloride (Cl-)

DYNAMICS OF ELECTROLYTE BALANCE

1. Electrolyte Distribution

· ECF and ICF vary in their electrolyte distribution and concentration

· ICF has K+, PO4-, proteins, Mg+, Ca++ and SO4-

· ECF has Na+, Cl-, HCO3-

2. Electrolyte Excretion

· These electrolytes are excessively eliminated by abnormal fluid losses

· Routes can be thru urine, feces, vomiting, surgical drainage, wound drainage and skin excretion

3. Regulation of Electrolytes


a) Renal Regulation- occurs by the process of glomerular 


filtration, tubular reabsorption and tubular secretion


b) Endocrine Regulation- hormones play a role in this type of 


regulation:



Aldosterone- promotes Na retention and K excretion



ANF- promotes Na excretion



PTH- promotes Ca retention and PO4 excretion



Calcitonin- promotes Ca and PO4 excretion


c) GIT Regulation- electrolytes are absorbed and secreted; 


some are excreted thru the stool

THE CATIONS

· SODIUM

· The most abundant cation in the ECF

· Normal range in the blood is 135-145 mEq/L

· Major contributor of the plasma Osmolality

· Sources: Diet, medications, IVF. The minimum daily requirement is 2 grams

· Functions:


1. Participates in the Na-K pump


2. Assists in maintaining blood volume


3. Assists in nerve transmission and muscle contraction 

· Regulations: skin, GIT, GUT, Aldosterone increases Na retention in the kidney

· Imbalances- Hyponatremia= <135 mEq/L; Hypernatremia= >145 mEq/L

POTASSIUM

· The most abundant cation in the ICF

· Normal range in the blood is 3.5-5 mEq/L

· Major electrolyte maintaining ICF balance

· Sources-  Diet, vegetables, fruits, IVF, medications

· Functions


1. Maintains ICF Osmolality


2. Important for nerve conduction and muscle contraction


3. Maintains acid-base balance


4. Needed for metabolism of carbohydrates, fats and proteins

· Regulations: renal secretion and excretion, Aldosterone promotes renal excretion, acidosis promotes K exchange for hydrogen 

· Imbalances- Hypokalemia= <3.5 mEq/L; Hyperkalemia=> 5.0 mEq/L

CALCIUM
· Majority of calcium is in the bones and teeth

· Small amount  may be found in the ECF and ICF

· Normal serum range is 8.5 – 10.5 mg/dL

· Sources: milk and milk products; diet; IVF and medications

· Functions:


1. Needed for formation of bones and teeth


2. For muscular contraction and relaxation


3. For neuronal and cardiac function


4. For enzymatic activation


5. For normal blood clotting

· Regulations: 


1. GIT- absorbs Ca+ in the intestine; Vitamin D helps to 


increase absorption

         2.Renal regulation- Ca+ is filtered in the glomerulus and 


reabsorbed in the tubules: 


3. Endocrine regulation



Parathyroid hormone from the parathyroid glands is 


released when Ca+ level is low. PTH causes 




release of calcium from bones and increased 




retention of calcium by the kidney but PO4 is excreted



Calcitonin from the thyroid gland is released when the 


calcium level is high. This causes excretion of both 


calcium and PO4 in the kidney and promoted 



deposition of calcium in the bones.

· Imbalances- Hypocalcemia= <8.5 mg/dL; Hypercalcemia= >10.5 mg/dL

MAGNESIUM

· The second abundant cation in the ICF

· Normal range is 1.3 to 2.1 mEq/L

· Sources: Diet; IVF, TPN and medications

· Functions:


1. Intracellular production and use of ATP


2. Protein and DNA synthesis


3. Neuromuscular irritability

· Regulations: GIT absorption and excretion

· Imbalances: Hypomagnesemia= <1.3 mEq/L; Hypermagnesemia= >2.1 mEq/L

THE ANIONS
CHLORIDE

· The major Anion of the ECF

· Normal range is 95-108 mEq/L

· Sources: Diet, especially high slat foods, IVF (like NSS), HCl (in the stomach)

· Functions:


1. Major component of gastric juice


2. Regulates serum Osmolality and blood volume


3. Participates in the chloride shift


4. Acts as chemical buffer

· Regulations: Renal regulation by absorption and excretion; GIT absorption

· Imbalances: Hypochloremia= < 95 mEq/L; Hyperchloremia= >108 mEq/L

PHOSPHATES

· The major Anion of the ICF

· Normal range is 2.5 to 4.5 mg/dL

· Sources: Diet, TPN, Bone reserves

· Functions:


1. Component of bones, muscles and nerve tissues


2. Needed by the cells to generate ATP


3. Needed for the metabolism of carbohydrates, fats and 


proteins


4. Component of DNA and RNA

· Regulations: Renal glomerular filtration, endocrinal 
regulation by PTH-decreases PO4 in the blood by kidney 

excretion

· Imbalances- Hypophosphatemia= <2.5 mg/dL; 
Hyperphosphatemia >4.5 mg/dL

BICARBONATES

· Present in both ICF and ECF

· Regulates acid-base balance together with hydrogen

· Normal range is 22-26 mEq/L

· Sources: Diet; medications and metabolic by-products of the cells.

· Function: Component of the bicarbonate-carbonic acid buffer system

· Regulation: Kidney production, absorption and secretion

· Imbalances: Metabolic acidosis= <22 mEq/L; Metabolic alkalosis= >26 mEq/L

ACID BASE BALANCE

OVERVIEW OF ACIDS AND BASES

· Acids are substances that can donate or release hydrogen ions (H+); examples are HCl, carbonic acid, acetic acid.

· Bases (or alkalis) are substances that can accept hydrogen ions because they have low H+ concentration. The major base in the body is BICARBONATE (HCO3)

· Carbon dioxide is considered to be acid or base depending on its chemical association

· When assessing acid-base balance, carbon dioxide is considered ACID because of its relationship with carbonic acid. 

· Because carbonic acid cannot be routinely measured, carbon dioxide is used.

· pH- is the measurement of the degree of acidity or alkalinity of a solution. This reflects the relationship of hydrogen ion concentration in the solution.

· The higher the hydrogen ion concentration, the acidic is the solution and pH is LOW

· The lower the hydrogen concentration, the alkaline is the solution and the pH is HIGH. Normal pH in the blood is between 7.35 to 7.45
SUPPLY AND SOURCES OF ACIDS AND BASES

· Sources of acids and bases are from:


1. ECF, ICF and body tissues


2. Foodstuff


3. Metabolic products of cells like CO2, lactic acids, ammonia

· DYNAMICS OF ACID-BASE BALANCE
· Acids are constantly produced in the body

· Because cellular processes need normal pH, acids and bases must be balanced continuously

· CO2 and HCO3 are crucial in maintaining the balance

· A ratio of HCO3 and Carbonic acid is maintained at 20:1

· Several body systems (like the respiratory, renal and GIT) together with the chemical buffers are actively involved in the normal pH balance


1. REGULATION OF ACID-BASE BALANCE BY THE CHEMICAL BUFFER

· Buffers are present in all body fluids functioning mainly to prevent excessive changes in the pH.

· Buffers either remove/accept H+ or release/donate H+

· The major chemical buffers are:


1. Carbonic acid-Bicarbonate Buffer (in the ECF)


2. Phosphate buffer (in the ECF and ICF)


3. Protein buffer (in the ICF)

· The action of the chemical buffer is immediate but limited 

2. REGULATION OF ACID-BASE BALANCE BY RESPIRATORY SYSTEM

· The respiratory center in the medulla is involved

· Carbon dioxide is the powerful stimulator of the respiratory center

· The lungs use CO2 to regulate H+ ion concentration

· Through the changes  in the breathing pattern, acid-base balance is achieved within minutes

· Functions of the respiratory system in acid-base balance:


1. CO2 + H2O( H2CO3


2.↑ CO2(activates medulla(↑RR(CO2 is exhaled( pH rises to 


normal


3. ↑HCO3(depresses RR(CO2 is retained(Bicarbonate is 



neutralized( pH drops to normal

3. REGULATION OF ACID-BASE BALANCE BY THE KIDNEY

· Long term regulator of the acid-base balance

· Slower to respond but more permanent

· Achieved by 3 interrelated processes



1. Bicarbonate reabsorption in the nephron



2. Bicarbonate formation



3. Hydrogen ion excretion

· When excess H+ is present (acidic), pH falls(kidney reabsorbs and generates Bicarbonate and excretes H+

· When H+ is low and HCO3 is high (alkalotic). pH rises( kidney excretes HCO3 and H+ is retained.

FACTORS AFFECTING BODY FLUIDS, ELECTROLYTES AND ACID-BASE BALANCE

1. AGE

· Infants have higher proportion of body water than adults

· Water content of the body decreases with age

· Infants have higher fluid turn-over due to immature kidney and rapid respiratory rate

2. GENDER AND BODY SIZE

· Women have higher body fat content but lesser water content

· Lean body has higher water content

3. ENVIRONMENT AND TEMPERATURE

· Climate and heat and humidity affect fluid balance

4. DIET AND LIFESTYLE

· Anorexia nervosa will lead to nutritional depletion

· Stressful situations will increase metabolism, increase ADH( causing water retention and increased blood volume

· Chronic Alcohol consumption causes malnutrition

5. ILLNESS

· Trauma and burns release K+ in the blood

· Cardiac dysfunction will lead to edema and congestion

6. MEDICAL TREATMENT, MEDICATIONS AND SURGERY

· Suctioning, diuretics and laxatives may cause imbalances

	Process/

Mechanism
	Energy
	Movement
	Gradient
	Examples


	OSMOSIS
	      X

Not Required
	Movement of SOLVENT/

Fluid/

Water
	From a LOW concentration 

Gradient to a HIGH gradient
	Water with LOW sodium content will

move to a 

Hypertonic solution


	DIFFUSION
	      X

Not required
	Movement of SOLUTE/

Substance or particles
	From a HIGH concentration to a LOW gradient concentration
	High Oxygen in the alveoli will move to the pulmonary blood with low oxygen


	FILTRATION
	     X

Not required
	Movement of BOTH solvent and solutes
	From a HIGH pressure gradient to a LOW pressure gradient 
	Urine formation in the kidney


	ACTIVE TRANSPORT
	     (
REQUIRED
	Movement of SOLUTES
	From a LOW concentration gradient to a HIGH concentration gradient
	Sodium- Potassium pump



