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Laboratory 1: Review of Basic Laboratory Techniques, Measuring Osmolarity, Effect of Solution Concentration and/or Solute Permeability on Cell Volume/Integrity
I. Introduction

The effect of a solution on a cell’s volume, integrity and survival depends on a variety of factors.  These factors include the solutes within the solution, their molecular size, their lipid solubility (membrane permeability generally increases with solubility in fat or oil solvents), and the degree of their dissolution and ionization.  In this lab you will first make the saline solutions that you will employ today and in future labs. In so doing you will practice a variety of calculations related to solution composition, including determination of the amounts of various solutes needed to create saline solutions, calculation of the molar concentration of solutions from their g% concentration, or vice versa.  Next you will verify the concentration of your salines as you learn to measure the osmotic concentration of a solution by measuring its freezing point depression with an osmometer.  Thirdly, you will examine the effects of solute permeability and concentration on the rate of osmosis using a synthetic dialysis membrane.  Lastly you will examine the effects of solute concentration and/or membrane permeability and/or other membrane actions on red blood cell volume and integrity.  

II. Physiology Background – Terms & Concepts, organized conceptually rather than alphabetically
Percentage Concentration (%):  Sometimes referred to as g%.  Although this is somewhat ambiguous, solutions are sometimes expressed as percentage concentrations.  In such cases (at least for this course) the concentration of a solution is simply expressed as the percent of a solution’s weight taken up by solute.  For example, 0.9% NaCl contains 0.9 g NaCl per 100 ml of solution or 9 g NaCl/l.  This can be converted to molarity by dividing by molecular weight:  0.9% NaCl = (9g/l)/(58.5g/mole) = 0.15 M NaCl.

Mole: A mole (or mol) of a substance is simply Avogadro’s number particles of that substance.  The mass of a mole of a given substance is simply its the molecular mass in grams.  For example, glucose has the chemical formula C6H1206 and thus a molecular weight of 6(12) + 12(l) + 6(16) = 180 AU.  Thus, one mole of glucose has a mass of 180 g.  

Molar/Molarity (M): Molarity defines concentration in terms of the number of moles of a substance within a liter of solution.  A one molar (1 M) solution contains one mole of solute per liter of solution. Thus, a one molar solution of glucose contains 180 g glucose/l.  
Fractional Prefixes: Most solutes in biological solutions exist in vastly sub-molar concentrations.  For this reason understanding the prefixes that designate fractions of a unit is critical.  We will often use the prefixes milli- (10-3) and micro- (10-6) when discussing solute concentrations, weights, etc.  Many solutes are biologically active at yet lower levels, such as the nanomolar (10-9) or picomolar range (10-12).  
Osmolarity (Osm): Osmolarity is a measure of effective solute concentration.  As such it is dependent on the number of “active” particles in solution and not on the kind of particles.  How then is this different from Molarity?  Although some solutes maintain their molecular structure when dissolved, others dissociate into two or more particles.  Thus, a 1 mM solution of a non-electrolyte, such as glucose, which does not dissociate into smaller particles, contains 1 millimole of “active” particles per liter and has an osmotic concentration of one milliosmolar (1 mOsm).  In contrast, NaCl (a strong electrolyte) dissociates nearly completely into Na+ and Cl- particles (ions) and thus, on average, contributes nearly two active particles per solute molecule.  As a result, a 1 mM NaCl solution has an osmotic concentration of nearly 2 mOsm.  Similarly, Na2SO4 dissociates into Na+, Na+, and SO4-- and thus contributes nearly 3 mOsm per mM.  The exact degree of dissociation of NaCl and other salts varies with the compound and with the conditions.  Each compound has a specific dissociation constant which, when multiplied by the molar concentration, indicates the ionic activity.  

Diffusion: (passive) movement of a substance from an area of higher concentration to lower concentration; driven by the random motion of particles.

Osmosis: (passive) diffusion of water.  When thinking about osmosis, ask yourself: “What solution has a higher concentration of water, e.g., 0.3% NaCl or 0.9% NaCl?  If these solutions are separated by a membrane permeable only to water – that is, neither Na+ nor Cl- can cross – then which way will water diffuse?

Osmotic Pressure: The tendency of water to diffuse down its concentration gradient is a force.  When this (or any other) force is applied to a surface, say a cell membrane, pressure results; pressure = force X area.  Osmotic pressure is one of the colligative properties of a solution; that is a property dependent upon the numbers of particles in the solution.  Other colligative properties are vapor pressure, freezing point/melting point and boiling point.  The higher the concentration of a solution, the greater the osmotic pressure, the lower the vapor pressure, the more depressed is the freezing point, and the higher the boiling point.  Each colligative property can be calculated from any other colligative property.  Commercial instruments utilize either freezing (or melting) point depression methods or vapor pressure (or dew point) depression methods for precise, although indirect, determination of osmotic concentration.

Osmoticity and Tonicity: 
Osmoticity is a qualitative assessment of the osmotic concentration (Osmolarity) of permeating AND non-permeating solutes within a solution RELATIVE to the concentration of those solutes within the interstitial fluid/cytosol.  The osmotic concentration of a solution may be (i) hyposmotic, or less concentrated than the osmotic concentration of the cytosol/normal interstitial fluid, (ii) isosmotic, or of the same Osmolarity as the cytosol/normal interstitial fluid, or (iii) hyperosmotic, of higher Osmolarity than the cytosol/normal interstitial fluid.  Because this term encompasses the relative concentration of both permeating AND non-permeating solutes, it does not necessarily reflect any effect of solute concentration on cell volume.  
 Tonicity: A qualitative assessment of the concentration of ONLY NON-PERMEATING solutes within a solution relative to the concentration of those solutes within the normal interstitial fluid/cytosol. As such it (inversely) reflects the effects of solute concentration on cell volume.  That is, a hypertonic solution will have a higher osmotic concentration of non-permeating solutes than will the cytosol.  As such, this solution will draw water out of the cytosol and cause a cell to shrink.  You can figure out iso and hypo.
III. Laboratory Exercises
For each exercise, record your calculations and all of your answers on a separate sheet.  Calculations may be hand-written, but must be legible.  The answers to questions must be typed.

Exercise 1: Calculate the composition of and mix your salines.
Purpose: Practice fundamental laboratory calculations, mixing and dilution procedures.  Prepare solutions that you will use today and in the future.

Procedure:
1. Formulate and mix 1 l each of 1.1% and 1.4% saline (NaCl in deionized water).  Show your calculations on a separate sheet.  The formula weight of NaCl is 58.5. Take care with your calculations, weighing and mixing, you’ll be using the saline you make here for a good part of the semester.  Given the concepts outlined above and/or the chemistry pre-requisites for this course you should be able to figure this out on your own.

2. Dilute 300 ml of the 1.4% solution created during step “a” in _______ l of deionized water to generate a 120mM NaCl solution.  What is the g% of this solution (rounded to the nearest tenth of a %)?  Assuming 100% dissociation of the NaCl in solution, what would you predict the Osmolarity of this solution to be? 
3. Dilute 600 ml of the 1.1% saline created during step “a” in _______ l of deionized water to generate a 150 mM NaCl solution.  What is the g% of this solution (rounded to the nearest tenth of a %)?  Assuming 100% dissociation of the NaCl in solution, what would you predict the Osmolarity of this solution to be?

4. Obtain 50 ml of 2 M saline and dilute it to generate a 0.5 M solution.  Then remove 50 ml of the 0.5 M solution and dilute it to generate a 50 mM solution.

Data:

Turn in all calculations on a separate sheet.  Show all of your work. Label as “Procedure 1, # 1, etc”

Exercise 2. Using an Osmometer
Purpose: 
1.) Empirically determine/verify the osmotic concentration of your salines and an unknown with the Osmette
2.) Explore concepts of freezing point, melting point, and supercooling, and their inter-relationships.
Theory: 
The Osmette is an instrument that uses the freezing point depression method of measuring osmotic concentration.  As noted earlier, freezing point is one of the colligative properties of a solution; a one molar solution of a non-electrolyte, such as glucose, lowers a solution’s freezing point by l.86°C.  Thus, osmotic concentration (C) can be readily determined from the following relationship: C = ∆ t /(1.86°C/mole) where ∆t is the difference between the freezing point of the solution and that of distilled water.  The Osmette measures the freezing point for you and then uses this formula to covert the reading into the mOsmolar value.  

Briefly, a sample of solution is placed in a glass sample tube, which is then immersed in a refrigerated bath and cooled at a constant rate.  After the solution is substantially supercooled (cooled well below its freezing point without crystallization) ice formation is initiated by briefly vibrating the solution.  As the solution crystallizes it releases the latent heat of crystallization, transiently elevating the temperature of the sample to the freezing point.  The Osmette constantly reads the temperature of the sample and expresses this value in terms of mOsm, based on the formula above.  Of course, until the sample freezes and releases its latent heat of crystallization this value means little. 

Procedure: Using the Osmette

1. Pipette 2.0 ml of saline into the Osmette’s sample tube.

2. Place the sample tube in the Osmette’s refrigerator well and carefully lower the operating head - be careful not to hit the thermometer or break the sample tube.

3. Depress and release the cooling switch and wait until the read light turns on and then write down the value (it is reported as mOsm)

4. Raise Operating Head and carefully remove sample.  
5. Repeat for each of your salines and an unknown obtained from your lab instructor.

6. When finished, leave the instrument on for the next group.  DO NOT turn it off.

Data and Questions:
1. Record the OBSERVED osmolarities of each solution on a separate sheet.
2. Calculate the predicted osmolarity of each salt solution assuming 100% dissociation.

3. Explain why the observed osmolarities tended to be somewhat lower than the predicted osmolarities.

4. Calculate the % dissociation for each solution and record your calculations and answers on a separate sheet.

5. What are two factors that could affect the degree of solute dissociation?  Explain.

6. Thermal hysteresis proteins are agents that bind to the surface of newly forming ice crystals and retard their growth.  As a result they cause a separation between the melting point and the freezing point of a solution (= hysteresis).  

a. How would the presence of thermal hysteresis proteins in your solutions affect your ability to measure osmolarity with a freezing point depression osmometer?  

b. If the presence of these proteins causes a measurement problem, how could you overcome this problem?

Exercise 3: Examining osmotic pressure.
Purpose: 

In this portion of the lab you will (a) examine the movement of water down its concentration gradient across a semi-permeable membrane and (b) determine how osmotic concentration, solute dissociation and a solute’s membrane permeability affect osmosis.
Theory: 
First, see the discussion of osmotic pressure, osmoticity and tonicity in the section on terms and concepts, above.  In this experiment you will be employing dialysis tubing, a synthetic membrane permeable only to water and uncharged low-molecular-weight particles.  As such, this membrane is provides an empirical model of a specialized cell membrane and acts as a tool for studying the movement of water (and other substances?) down its (their?) concentration gradient(s).
Procedure:
a. Cut dialysis tubing into four pieces, each about 15 cm long.

b. Soak the pieces in tap water for at least 15 min

c. To fill: fold over one end of the tube; tie off with the green string

d. Fill the tube with water and verify a secure seal (i.e., if it drains onto your lap, something ain’t right)

e. Once the tubing is secure at one end, empty the water and partly (ca. 2/3) fill the tubing with one of the experimental solutions (Water, 1M sucrose, 2 M sucrose, or 1 M MgSO4)
f. Squeeze out most of the air in the tube, fold over and secure the open end with green string

g. Weigh the tube, place it in the water beaker and record the time.

h. Repeat for each solution

i. At 10 min intervals for 1 h take the weight of each tube and record the data on a separate sheet.

Data and Questions: 

1. On a separate sheet record the observed weight changes as both raw values and % change at each time interval.

2. Use Excel to plot the % changes for each solution against time.  Include plots for all solutions on one graph.

Experiment 4: Effect of Saline Concentration/Composition on Cell Volume.

Purpose: 

As noted in the discussion of relevant terms and concepts above, the concentration and composition of a solution will affect the volume/integrity of cells placed within it.  In this portion of the lab you will use a clinically-relevant measure known as the hematocrit and visual observations to (a) examine the effects of saline concentration on cell volume, (b) use the changes in cell volume – hematocrit – evoked by various salines to determine the concentration of an unknown solution and (c) examine the effects of saline concentration and/or solute membrane permeability on cell volume integrity.  

Theory:

The hematocrit of a blood sample is defined as the percent of the sample volume taken up by red blood cells.  A typical hematocrit value for whole ox blood will vary around 64%.  However to test the effects of different saline solutions on cell volume via hematocrit whole blood needs to be mixed 1:1 with various solutions.  Whole blood mixed with isotonic saline should give a hematocrit reading of 32%.  If the hematocrit reading is greater than 32% then cell swelling occurred and the saline must be hypotonic.  Conversely, if the hematocrit has a reading of less than 32% cell shrinkage occurred and the solution must be hypertonic.  The amount of cell volume change is linearly related to the concentration of the saline and hence one can use blood cells to determine the concentration of an unknown solution and determine which saline is isotonic, etc.  Moreover, by plotting the hematocrits of known blood saline mixtures against the concentration of the saline solutions one generates a standard curve that can then be used to determine the concentration of an unknown saline.  This is done by calculating the formula for the best-fit curve through the known values, then plugging in the hematocrit of the unknown.  In our experiment the best curve will be a line and can its formula can be generated directly by Excel.
Procedure: 
 The following mixtures were prepared by you:

1. l.0 ml blood + l.0 ml 0.7% NaCl

2. l.0 ml blood + l.0 ml 0.9% NaCl

3. l.0 ml blood + l.0 ml l.l% NaCl

4. l.0 ml blood + l.0 ml l.4% NaCl

5. l.0 ml blood + l.0 ml unknown X

Obtain 500 µl of each mixture in a test tube, then place the marked end of a hematocrit capillary tube in a sample and partially fill (3/4 of the tube length) it with one of the blood mixtures.  Seal the marked end of the tube by pressing it into the Critoseal clay and twisting.  Note that the Critoseal well also contains sites for you to organize your samples.  You are encouraged to use them.  
Repeat this procedure three times for each mixture (you should generate 15 hematocrit tubes total).  After preparing your tubes, lay them in the hematocrit centrifuge with the plugged ends facing outward.  Secure the tray cover by screwing it onto the tube tray, then close the centrifuge and run it for 5 minutes.  After the centrifuge stops carefully remove the tubes (keep them organized) and determine the hematocrit for each tube as in the figure below.  
Data and Questions.

1. Remembering to first multiply your hematocrit values by two to adjust for dilution, use Excel to graph hematocrit value, against % conc. 

2. Use the formula for the best-fit line from your standard curve to determine the concentration of your unknown.  

3. Predict the effect that adding an additional 100 mM urea to 0.9% saline would have on hematocrit values when this new solution is mixed 50:50 with whole blood.

Experiment 5: Solution Composition and Cell Integrity

Theory:

Mammalian blood plasma has an osmotic concentration of about 300 mOsm.  Intracellular erythrocyte osmolarities likewise approximate 300 mOsm.  If erythrocytes are placed in distilled water, water molecules will rapidly enter by osmosis.  This will result in a rapid swelling, followed by rupture or lysis.  If erythrocytes are placed in a 300 mM sucrose solution, hemolysis will not occur, because the membrane is non-permeable to sucrose and because the osmolar concentration of the sucrose solution balances that of the intracellular fluid.  300 mM sucrose is isomotic to mammalian erythrocytes and also isotonic as the cells do not change in shape.  300 mM glycerol is likewise isosmotic to the intracellular fluid; however, if erythrocytes are placed in such a solution hemolysis soon occurs.  Glycerol penetrates the cell membrane and its osmolar concentration inside the cell approaches that outside.  Since the cell membrane is effectively impermeable to its own dissolved solutes, the effective osmotic concentration for all solutes inside the cell is nearly doubled.  The resulting osmotic gradient is comparable to that of a cell in distilled water.  Water osmotically enters the cell and lysis ensues.

Procedure:
Dilute 100 µl of whole blood (or 200 µl of one of your saline blood mixtures) in 1 ml of 0.9% saline and gently mix by inversion.  Add two drops of this blood mixture to a test tube containing 3 ml of 0.05 M NaCl and mix gently by inversion (twice).  Immediately hold the tube in front of a printed sheet, such as this one.  You will notice that the letters behind the tube initially appear fuzzy due to the cloudiness of the solution.  However as the red blood cells lyse, the solution will clear.  On a separate sheet record the time required for the solution to clear and the letters to take on a “crisp” appearance.  If a solution hasn’t cleared by 2 min after addition of the blood, then it likely won’t clear and this observation should be noted.  Repeat this procedure for 0 mM NaCl, 0.1 M NaCl, 0.5 M NaCl, 2 M NaCl, 0.5 M urea, and 0.5 M glucose.
Data and Questions:
1. As noted above, record the time required for solution clearing on a separate data sheet.

2. Explain the effects of the various saline solutions and water on cell integrity in terms of osmosis.

3. Explain the effects of glucose and urea on cell integrity in terms of their membrane permeability and osmosis.

