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We have said before that we have a certain amount of water in our bodies, this amount is 

distributed as follows: 

1- Two thirds (2/3) of that water is inside the cells (intracellular fluid) 

2- One third (1/3) of that water is outside the cells (extracellular fluid) 

Most of this extracellular fluid exists between the cells and is called “interstitial fluid”, And 

about 20% of it (ECF) is inside the blood and is called “Plasma”. In addition to this 

distribution, there is a small amount of fluid in the lymphatic vessels, and there is also a 

small compartment of fluid (almost 1%) that is called the” Transcellular fluid” which is a 

small amount of fluid in some spaces in our bodies, it has many locations in the body and 

here are some examples:- 

1. The cavity around the contents of the nervous system (the brain and spinal cord) 

(Cerebrospinal fluid). 

2.  Inside the eyes (Ocular fluid). 

3. There is a peritoneal membrane (which is an epithelial tissue) that covers all organs 

inside the abdomen, between this membrane and the abdominal wall there is a 

cavity which is filled with a fluid called (peritoneal fluid). 

4.  Inside the Pleural cavity which lies between the pleural membranes lining the lungs 

and the membrane lining the internal chest wall. 



5. In the Pericardial cavity around the heart there is small amount of fluid called 

(pericardial fluid). 

6. Around the joints there is a fluid that is called (Synovial fluid). 

All the time these fluids are exchanged between the plasma and all the other compartments 

(intracellular, transcellular, lymphatic), the exchange occurs to the electrolytes and water, 

but not all electrolytes pass at the same way. 

 

The different fluids have different proportions of contents, 

The extracellular fluids have higher concentration of Na+ than ICF. 

But the intracellular fluids have higher concentration of K+ than the ECF.     

Also Mg+2 for example exists in higher amount inside the cell and at lower amount 

outside the cell. As for proteins, there are higher amounts inside the cell while there 

is a lower amount in the plasma and the least amount of these proteins exists in the 

interstitial fluid. 

 Water is a vital substance and as we know that we are consuming a certain amount of water 

each day ,we get it by many ways: 

1- Drinking  

2- From the ingested moist food  

3- Metabolic water which is water that is produced in metabolic reactions in our 

body like cellular respiration (by metabolizing glucose we get water and carbon 

dioxide).  

By these means we provide the body with total water intake of 2liters/day. 

As we are provided with water we are also losing it daily by many ways: 

1- Some of this water is lost during respiration by evaporation. (In lungs) 

2- Another amount of water is lost from the skin by evaporation, and also sweating 

(taking into consideration that evaporating is different from the sweating).  

3- Also some of the water is lost in the gastrointestinal tract with feces. 

4-  In the kidney by urination. 

-The most amount of water we get (intake) is by drinking, and most amount of water we lose 

(output) is lost by urination. 

Sometimes the process of losing water from the body is described as insensible loss; means 

that we don’t feel this process , and here are 2 examples of it:-  

 Evaporated water in respiration. 

 The evaporation of water from the skin which called Transpiration (by the 

way this is different from sweating). 

On the other hand there is a sensible loss that describes the process of losing water 

that we can sense just like urination or sweating from the skin. 

 

 



The total volume of water in our body is well-regulated, there are many involved organs and 

systems in the regulation of the volume and the composition of water such as:- 

1- Kidneys  

2- Cardiovascular system (controlling blood pressure, blood flow through the 

tissues, also stimulating other tissues to change the composition). 

3- Endocrine system (different hormones are secreted in case of an increase in 

fluid volume to decrease the volume and vice versa (it can also change the 

composition and not only the volume). 

4- Lungs are also involved in controlling the pH. 

5- Urinary system.  

-Also, these two systems (respiratory and urinary) are involved in what we call "acid-base 

balance" that depends on the concentration of H+ ions and the bicarbonate ions HCO3
- . 

The major factors (forces) that regulate movement of water between the compartments in 

our bodies are:- 

1-Water can move according to the osmotic pressure, it moves from the 

compartment with lower osmotic pressure (higher free water concentration) to the 

compartment with the higher osmotic pressure (less water concentration), the 

osmotic pressure is responsible of re-absorption of water in the venular part of the 

capillary (from the interstitial fluid to the venular part of the capillary). 

**osmolality is the number of moles of the particles per kilogram (osmoles/kg) 

2-Hydrostatic pressure which is responsible for the filtration of water towards the 

interstitial fluid in the arteriolar part of the capillary. 

If we lose the water from the ECF the osmolarity will increase so the water will move from 

the region of low osmotic pressure (inside the cell) to the region of high osmotic pressure 

(outside the cell), so this will cause in shrinkage of the cells. This is what happens in case of 

body Dehydration. If we add pure water to the ECF the osmolarity will decrease so the 

water will move again from the region of low osmotic pressure (outside the cell) to the 

region of high osmotic pressure (inside the cell), so this will cause a swelling of the cells 

which causes Edema. And this occurs in the case of Hyper-hydration. (Or Hypotonic 

Hydration).Usually brain cells are very sensitive to these changes (swelling), so the hyper 

hydration occurring to these neural cells will cause "water intoxication", even water could be 

toxic if we replaced it by high amounts after losing it by certain ways and this will cause 

problems like:  

1- Coma ( الغياب عن الوعي) 

2-  convulsions of muscles )تشنج( 

3- heat stroke)ضربة شمس(, but the heat stroke is caused by combination of many 

other things like ( vessel problems and cardiac problems ) so it is not only 

because of the hyper hydration. 



 

**Measurement of body fluids** 

In our bodies, different compartments have different  volumes, we have: 

  Intracellular fluid volume. 

  Extracellular fluid volume.   

  Intravascular fluid volume (Plasma volume). 

 Also we have the total volume of all these fluids in our bodies (total water in the 

body) 

In general, there is a principle called "dilution principle" that we can use to measure 

the volumes.If you have a small amount of fluid that you know its volume and you 

also know the concentration of that amount, on the other hand you have another 

jar that is full with a fluid, then you inject the small amount in the jar, after that you 

can measure the concentration of the new mixture using the equation: 

C1V1=C2V2  

Considered that: 

C1 indicates the concentration of the first compartment 

C2 indicates the concentration of the sample after mixing (second compartment) 

V1 indicates the volume of the first compartment   

V2 indicates the volume of the new amount after mixing (in the second 

compartment) and this is exactly what we want to measure in the previous example. 

-By rearranging the mentioned equation, we get: 

V2 = C1V1/C2 

Simply, if you know the volume and concentration of fluid in one compartment, and 

you know the concentration of fluid in the second compartment you can easily 

calculate the volume of the second compartment by using the previous equation. 



**Example: if 1ml of a 10mg/ml solution is injected into a fluid compartment, and 

the final concentration is 0.01mg/ml, the volume of the fluid compartment is 

V2=1*10/0.01=1000ml 

To measure certain volumes of fluids in our bodies (like the total water volume or the ECF 

volume) we need substances that we call "tracers ", tracers are substances that can be 

measured, tracers must be able to disperse throughout the wanted compartment equally. 

 We can measure the volume of the ECF  by using a tracer that disperses in equal 

concentration only in the ECF and can’t inter other compartments of the body. 

 

The same thing needed to measure plasma’s volume inside the vessels, we need a 

tracer that distributes only in the blood vessels in equal concentration. 

 

Tracers must have certain properties in order to be used for measuring the volumes of the 

fluids:- 

1- Can be distributed only in certain compartments (in the case of the ECF) 

2- non toxic materials  

3- rapid distribution in the wanted fluid 

4- Not metabolized (because if this tracer can be metabolized its volume will be 

decreased because of the high metabolic reaction and this will affect the 

accuracy of measuring the volume of that fluid) 

For example we can't use radioactive glucose as a tracer because high amounts of it 

are going to be metabolized and in this case we are losing big amount of this 

radioactive glucose which in turn will affect the measurement. 

5- Not to be excreted from the body (excretion means that this tracer is lost with 

urine) 

But we can overcome this problem in one case; If we take into consideration 

that this tracer could be excreted with urine, we can increase the amount of the 

injected tracer to replace the amount that will be excreted, but in such cases we 

must know the rate of excretion (how many mg of the substance is excreted 

exactly per unit of urine) so we can include the excreted amount as extra 

amount. 

6- Easily measured and not interfering with other body fluids distribution. 

This means that this substance shouldn’t make any change in the normal 

distribution of the body materials, for example it shouldn’t cause movement of 

water from one side to another, or moving for example of sodium from inside to 

outside. 

If the substance makes any changes in the concentrations of Na+, it will change 

the osmolarity and this will affect the distribution of water, leading to a false 

measurement. 

The tracers that can be used to measure the TOTAL volume of the body fluids are:- 



 Radioactive water (3H2O), which has radioactive Tritium: hydrogen atom 

having 2 neutrons. 

 Heavy water (2H2O) has Deuterium: hydrogen atom with 1 neutron.  

The different forms of water can be used for measuring the total volume 

because water is distributed in all body compartments (inside and outside the 

cells). 

 Antipyrine, which is lipid soluble, so it can pass throw the membranes and 

be distributed evenly all over body fluids, so when we measure it we can 

estimate the total volume of body fluids. 

 

The tracers that can be used to measure the ECF are:- 

 Radioactive sodium (and that make sense because the ECF has a high 

concentration of Na+ 

**Note: The sodium as we know can inter the cell in many states (like 

exchanging for example) so the distribution of it will be changed, but it 

needs much longer time to be combined with other materials (to change its 

distribution), so you can get the measurement of the fluid in 30-60mins; this 

is a short time that isn’t enough for Na+ to be exchanged.  

 Inulin. 

 Thiosulfate. 

 Iothalamate.  

And the common feature that exists in all these materials is that they can't 

inter the cell and this makes sense because it is used to measure the volume 

of the ECF. 

We can measure the volume of the ICF, simply by subtracting the volume of the ECF 

from the volume of the total body fluid and get the volume of the ICF. 

 Volume of the ICF = the total volume  ـــ volume of the ECF  

 

The volume of the plasma can be measured by using a protein because 

plasma contains large proteins that can’t diffuse to the interstitial fluid, the 

used protein is albumin and it is labeled with radioactive iodine, also some 

dyes bind to plasma proteins like Evans blue dye which can be used to 

measure plasma’s volume. 

 

Interstitial fluid can’t be measured directly, but it can be calculated as 

 Interstitial fluid = ECF volume - plasma volume 

The same for blood volume, it can be calculated as 

 Total blood volume = plasma volume/(1-hematocrit) 

Hematocrit is the fraction of total blood volume composed of cells. 

There is another way to measure total blood volume, radioactive chromium 

binds tightly with the RBCs, these labeled RBCs are injected to the blood 

circulation. 


