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The volume of distribution, or Vd, is a calculated theoretical value that is used clinically when trying to determine the loading dose necessary for a desired blood concentration or for estimating a blood concentration in the treatment of an overdose.

A strict definition of the apparent volume of distribution is simply the volume of plasma necessary to account for the total amount of drug in the body, if it were present throughout the body at the same concentration found in the plasma. What does that actually mean???? Well let us look at some examples:

If we take an average 70 kg human they will have a plasma volume of 3.5 litres.
Most drugs following injection will show some distribution into the tissues and extracellular fluid. Some drug will be retained in the plasma and may be bound to plasma proteins. Remember only the free drug is able to exert its effect. Drugs that remain confined to the plasma will exhibit a Vd similar to that of plasma volume (3.5/70 = 0.05l/kg body weight). For drugs which accumulate outside the plasma the volume of distribution may exceed total body volume.
For example.

A patient is given a 1000 mcg dose of Drug A . Drug A distributes extensively into tissues so that only a fraction of the original dose remains within the plasma. On measuring the plasma concentration 6 hours after the dose we get a value of 2mcg/L. Because of the distribution into tissues it appears that we have diluted the dose into a much larger volume of plasma than is actually there (we would need 500l of plasma (1000/2) to account for all the initial drug dose in the body at the same concentration in the plasma). For this patient the apparent volume of distribution for Drug A is 500/70 = 7.14L/kg 
In another example the same patient is given 350mg of Drug B which distributes throughout extracellular fluid but not readily into tissues (Total extracellular fluid represents approximately 23% body weight). On measuring a peak level we may get a value of 20mg/L. suggesting that we would need 350/20 = 17.5l of plasma. Therefore the apparent Vd of Drug B is17.5/70 =  0.25L/kg.
The differences in apparent volume of distribution between drugs are due to their different lipid vs water solubilities and plasma protein vs tissue binding characteristics.
So Drug A has high lipid solubility and exhibits extensive tissue binding, while Drug B is more water soluble, less lipid soluble, and therefore distributes into the extracellular fluid only. 
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Some relevant images
Photo?? Equations.
Cartoon image of man in a hospital bed, nurse takes blood into vial.  The lots of blood unit bags appear to show a lot of plasma.
Man stands up, injecting so drug into him.  Drug (black dots) distributed. along with narrative and highlight in yellow and a copy moves into the shapes of the diagram below (e.g. hexigon for tissues, shape for other interstitial fluid,shape for plasma, these two bracketed as extracellular fluid). To introduce the shapes.

Syringe containing liquid. Plunger is pressed and

Lots of dots (so it looks like at least 1000!) move into the plasma shape and then most move out into the tissue shape leaving 6 dots still in the plasma. Calculation appears beneath.
Ditto for Drug B!!

	Activity: 

	

	Assessment:
Calculate the loading dose for a drug.
Table with 3 columns Drug, Characteristics and Vd
Three drugs warfarin, theophylline and diazepam appear in the table the correct statements about characteristics and Vds need to be matched up with these drugs.

Warfarin            Very strongly bound to plasma protein (approximately 99% bound). Shows limited distribution into body fluids              0.14l/kg

Theophylline     Only about 30% bound to plasma albumin. Distributes throughout body water    0.51l/kg
Diazepam     Binds strongly to plasma proteins (approximately 95% bound). High lipid solubility allows it to readily enter organs and accumulate gradually in body fat.   2.4l/kg
Calculate the dose of gentamicin required to obtain a peak level of 20mg/L in a 60kg patient.
Vd (gentamicin) = 0.25L/Kg         Loading dose = Vd * desired concentration
Answer = 300mg
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