The body fluid compartment (1)
General Objectives

At the end of this session, the students should be able to:

· Identify and describe daily intake and output of water and maintenance of water balance.

· List and describe of body fluid compartments as intra-cellular fluid (ICF) Extra-cellular fluid (ECF), interstitial fluid, trans-cellular fluid and total body water.

· Describe the composition of each fluid compartment, in terms of volume and ions and represent them in graphic forms.

· Physiology factor influencing body fluid: age, sex, adipose tissue, etc. Pathological factors: Dehydration, fluid infusion
·  Predict the changes in extra-cellular volume, extra-cellular osmolarity, intra-Cellular volume and intra –cellular osmolarity caused by infusion of 3 liters of 0.9% NaCl, Lactated ringer’s 0.45 NaCl Solution and 7.5%NaCl solution.

· Edema, Intracellular Edema, Extracellular edema.
Disturbances in water, electrolyte and acid-base balance are common problems encountered in general medical and surgical practice.  

Some are trivial, but others are associated with a high mortality and require urgent assessment and treatment.

· Human body contains 50-70% water
· E.g.:
· 70 kg man has 42 L of water
· Kg of water = L of water

FACTORS AFFECTING

Infant: 73% 

Male adult: 60% 

Female adult: 40-50% 

Obesity  

Old age 45%

Daily intake of water
Water

Drinking


synthesized in the body (200 ml/day)

In food (2100 ml/day)
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2100 + 200 = 2300 ml/day

Climate

Habits

Level of physical activity

In steady state water intake= water loss
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Intracellular fluid (ICF)
· Inside the cell
· 2/3 of TBW
· High concentration of protein

Extracellular fluid (ECF)
· Out side the cell
· 1/3 of TBW

1- Plasma:  Fluid circulating in the blood vessels (1/4)

2- Interstitial fluid:  Fluid bathing the cell.  Ultra filtration of plasma (3/4)
Plasma and interstitial fluid are almost having the same composition except for high protein concentration in plasma
e.g.
· TBW = 42L
· ECF = 14L
· ICF = 28L
· Plasma = 3.5 L
· Interstitial = 10.5 L
· Body fluid composed of different concentration of various solutes. (Na, K) 
· Amount = in moles, osmoles
· 1M=6 x 10²³   molecules of substance
· 1Osmoles= number of particles into which a solute dissociates in solution
Concentration

1- Molarity = moles/liter M/L
2- Osmolarity = osmoles/liter  osm/L
3- Osmolality  = osmoles/kg  Osm/kg. 

In biological solutions:
· Millimoles per liter (mM/L)
· Milliosmoles per (mOsm/L)
· 1mM=1/1000 M
· 1mOsm=1/1000 Osm
Constituents of ECF and ICF 

[image: image3]

[image: image4]
Electroneutrality of body fluid compartment
Each compartment must have almost the same concentration of positive charge (cations) as of negative charge (anion)
Trancecellular fluid compartment:

Small amount.

CSF, GIT fluid, biliary fluid, synovial fluid, intrapelural fluid, intraperitoneal fluid, intrapericardial fluid and intraoccular fluid
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Intraocular
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· Hypokalemia: decrease in K concentration in the ECF. 
· Hyperkalemia: increase in K 60-100% a above normal 
· Hypernatremia: increase in Na concentration in ECF 
· Hyponatremia: decrease in Na concentration in the ECF 
Regulation of body functions
1-  Nervous system         - sensory input.

                                         - central nervous system.

                                         - motor out put.

· Autonomic system. 

                                   -Sympathetic

                                   -parasympathetic    

2- Hormonal system of regulation
Endocrine gland. 

       Pancreas, thyroid

     e.g. : insulin control glucose level.

· All different body systems operate in harmony to  provide homeostasis .

· Homeostasis:  Maintenance of static conditions in the internal environment (Extracellular fluid).
Regulation Of Fluid Exchange:
· Intracellular         

                                          cell memberane
· Extracellular       - highly   permeable to water

                                       - relatively impermeable to

                                            small ions.

                               i.e. only water is moving. 
· (osmotic effect of electrolytes Na,K,cl)

· Osmosis: is the net diffusion of water from a region of high water concentration to region of low water concentration.

Osmotic equilibrium is maintained between intracellular and extracellular fluids:
· Small changes in concentration of  solutes in the extracellular fluid can cause tremendous change in cell volume.

· Intracellular osmolarity  = extracellular osmolarity .

· ≈ 300 mosm/L 

· Isotonic solution :

                           - (no swells or shrink ) 

                           -  0.9% solution of sodium 

                              chloride or 5% glucose .

                           - same in and out .

·  Hypotonic solution :

                           - (swelling)    0.9%

                           - in is higher than out .

· Hypertonic solution :

                           - (shrink)     0.9%

                           - out is higher than  in
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Volumes And Osmolarities Of ECF And ICF In Abnormal  States.
· Some factors can cause the change:

           - dehydration .

           - intravenous infusion.

           - abnormal sweating.

           - etc..

Changes in  volume :
Volume contraction ( decrease in the ECF volume) :
1. Diarrhea.

     -  osmolarity of fluid lost ≈     osmolarity of ECF 

       (loss of isosmotic fluid).

     -    volume in ECF.

     -     arterial pressure.

     2. Water  deprivation :

                - Water and NaCl.

                - Osmolarity and volume will change .

                - Hyposmotic fluid (small   NaCl   large    water)

                -   Osmolarity in both ECF and ICF.

                -    Volume in both ECF and ICF.

3. Adrenal insufficiency:

              - Aldosterone deficiency.

              - Na   in the ECF.

              -  osmolarity in both .

              -   in ECF volume.

              -   in ICF volume.

Volume Expansion  
1. Infusion of isotonic NaCl.

     -   ECF volume.

     -   No change in osmolarity.

     -   Isomotic expansion .

2. High NaCl intake.

     -   eating salt.

     -   osmolarity in both.

     -   volume of ICF .

     -   volume of ECF .

     -   hyperosmotic volume expansion.

     3. Syndrome of inappropriate antidiurtic hormone (SIADH):

· . volume

·  osmolarity
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[image: image7.emf]Effect of adding saline solution to 

the ECF


Glucose and other solutions administered for nutritive purposes
· People who can not take adequate amount of food.

· Slowly.

· Prepared in isotonic solution. 

· Water is excreted.
 Edema
Edema: excessive fluid in the tissues 

Intracellular                           extracellular

   edema                                    edema

   Edema occurs mainly in the extracellular fluid compartment 
· Intracellular Edema:
· inflammation of tissues.

(
· membrane permeability.

(
· Na inside cells.

(
· water

(
· edema

· Extracellular edema:
      common clinical cause is excessive  

      capillary fluid filtration.

  
  - Heart failure.

     


(
              (    capillary pressure.

(
                   (   filtration

(
                               edema

























