Osmolarity is the total concentrations of solutes, penetrating and non-penetrating. Tonicity is only the concentration of non-penetrating solutes. In addition, tonicity always is in reference of the extracellular non-penetrating solute concentration relative to the cell's non-penetrating solutes. I will give some examples.

Assume normal osmolarity is 300 mOsm.

A cell contains 300 mOsm of non-penetrating solutes and

1. the extracellular fluid also contains 300 mOsm of non-penetrating solutes, the extracellular solution is isotonic and the cell will not change volume.

2. the extracellular solution contains 250 mOsm non-penetrating solutes, the extracellular fluid is hypotonic and the cell will swell.

3. the extracellular solution contains 350 mOsm concentration of non-penetrating solutes, the extracellular solution is hypertonic and the cell will shrink.

Another Example:

A cell contains 300 mOsm of non-penetrating solutes and 20 mOsm of penetrating solute such as glucose. 

1. Say the extracellular fluid only has 300 mOsm of non-penetrating solutes alone and no penetrating solutes.  Thus compared to the cell, the extracellular fluid is hyposmotic.  However the extracellular fluid is isotonic with the cell because the cell and the extracellular fluid contain the same number of non-penetrating solutes and the cell will not change volume when in contact with the ECF. The tonicity is always the relationship of the non-penetrating solutes concentration. Even though the cell's osmolarity is 320 mOsm (300 mOsm non-penetrating and 20 penetrating solutes) the extracellular solution is isotonic because it has the same concentration of non-penetrating solutes as the cell.

2. Now say the extracellular solution contains 250 mOsm non-penetrating solutes and the cell has the same concentration as above.  Here the extracellular fluid is hyposmotic and hypotonic compared with the cell and the cell will swell. The intracellular penetrating solute concentration does not affect water movement because the penetrating solutes will cross the membrane and reach chemical equilibrium so that an equal number remain on each side of the membrane.

3. Now say the extracellular solution contains 350 mOsm of non-penetrating solutes and the cell has the same concentration as above.  In this case the extracellular solution is hyperosmotic and hypertonic compared to the cell and the cell will shrink. The intracellular penetrating solute concentration does not affect water movement because the penetrating solutes will cross the membrane and reach chemical equilibrium so that an equal number remain on each side of the membrane.

Here is an additional example for BME 3403 students that I came up with.

Since there still seems to be some confusion with osmolarity and tonicity, I put down a couple of examples that I hope illustrate the concepts.  

Let me know if I succeed.

The main thing to know about the difference between osmolarity and tonicity is the following:

Osmolarity takes into account all dissolved molecules in the solution or in the cell.  For instance if a solution has 200 mM glucose and 200 mM NaCl in it there are 600 mOsm in the solution.  The glucose is not ionic so it does not ionize when dissolved and thus whatever the number of osmoles in the solution will be the number of osmoles given.  The NaCl dissociates into 200 mOsm of Na ions and 200 mOsm of Cl ions.  Thus the solution has 200 mOsm glucose + 200 mOsm Na + 200 mOsm Cl =600 mOsm total.

Now take a cell.  If that cell has 300 mM CaCl2 inside and 200 mM glucose inside, there will be 200 mOsm of glucose, 300 mOsm of Ca, and 600 mOsm of Cl.  Thus the cell has  1100 mOsm total inside.

Therefore the solution given in the first example which had 600 mOsm total is hyposmotic compared with the inside of the cell which has 1100 mOsm total.

However, what happens when you place the cell in the solution??  This is what tonicity is all about.

Here you have to look at which of the particles is penetrating (goes through the cell membrane) and which are non penetrating (trapped on one side or the other).  Only Non Penetrating particles matter when you are looking at tonicity because they stay where they initially are.

In the above case, the glucose is penetrating since most cells have channels for glucose to move from one side to the other.  If I give you a question involving liposomes, I will tell you which particles are penetrating and which are non penetrating.

Thus the solution has 200 penetrating particles (glucose) which you can basically ignore since they will just divide evenly between the cell and the solution.  The solution has 400 mOsm of Non penetrating particles (Na and Cl) which are what is important.

The cell has 900 mOsm of Non penetrating particles (Ca and Cl) and 200 mOsm of penetrating particles (glucose).  Ignore the penetrating particles and compare whether the cell or the solution has more Non penetrating particles.  In the above case there are 900 mOsm of Non penetrating particles in the cell and 400 mOsm of Non penetrating particles in the solution.  Thus water will flow toward the higher number of Non Penetrating particles until they are diluted and the concentrations of Non penetrating particles on each side of the membrane equilabrates.

In the above example, water flows from the solution into the cell and the cell volume will expand.  Thus, by definition, the solution is hypotonic to the cell since the cell swelled when placed in it.

Just remember that tonicity is only looking at which has more non penetrating particles while osmolarity takes all particles into account.

There are a lot of crazy examples, especially when you look at liposomes since you can artificially create these.  Some examples will show that even if a solution is hyposmotic, it can still be hypertonic.

For instance, suppose you are given an artificially created liposome that is permeable to glucose and impermeable to ions.  The liposome contains 400 mM glucose and 100 mM CaCl2.  The solution that the liposome is placed in contains 200 mM glucose and 200 mM NaCl.  What is the relative osmolarity and tonicity of the solution with respect to the liposome?

For osmolarity, the liposome contains 700 mOsm total and the solution contains 600 mOsm total.  Therefore the solution is hyposmotic to the liposome.

For tonicity, you look only at the non penetrating particles.  I told you glucose is penetrating so you can ignore the glucose inside and outside the liposome.  At equilibrium an equal number of glucose particles will be on each side no matter what you do.  Just look which side has more Non penetrating particles.  The liposome contains 300 mOsm of Non Penetrating particles (Ca and Cl).  The solution contains 400 mOsm of Non Penetrating particles (Na and Cl).  Water will flow out of the liposome to dilute the higher number of NP particles in the solution.  Since the liposome shrinks, by definition, the solution is hypertonic.  Thus a solution can be both hyposmotic and hypertonic.

In general most particles in a cell are Non penetrating, thus the general rule they give in the text is that if a solution is hyposmotic it will always be hypotonic, but as you can see this doesn't apply to the liposomes above.  Notice also in the book that in Table 5.8 the three different solutions on the bottom of the chart have different osmolarities.  One is hyposmotic, one is isosmotic and another is hyperosmotic.  They all turn out to be hypotonic.  Remember, tonicity just looks at what happens when a cell is placed in that solution or that solution is given and comes to equilibrium.

Hopefully this clears it up.
