Problem set: water and solute movement across membranes


· Water and solute movement across membranes (Ch.5)
· Differentiate between the terms osmole, osmolarity, osmolality and tonicity. List typical values and ranges for plasma osmolarity and osmolality 

· Use measurements with molecular weight, grams, mole, and osmole. 

· Define and convert between units used to describe concentration of a solution: percent, Eq/l, grams/l, molarity, osmolarity. (see text pp.35-36)

· List the body water compartments of the body and describe their separation.

· Differentiate between hyper-, hypo-, and isosmotic solutions and predict osmosis between solutions of these types.

· List the normal value and range for plasma and interstitial Na+, K+, H+ (pH), HCO3-, Cl-, Ca2+ and glucose. 

· List the normal value and range for intracellular Na+, K+, H+ (pH), HCO3-, Cl-, Ca2+. 

· Differentiate between hyper-, hypo-, and isotonic solutions and predict solute movement and osmosis in and out of cells for each.

· Describe the action of water and solutes in various solutions using penetrating (glucose, urea) and non-penetrating (NaCl) solutes (including Table 5-9 IV solutions).
1. List typical values for the following in plasma:

osmolarity
osmolality 
Na+
 K+
 H+ (pH)
 HCO3-
 Cl-,
Ca2+
glucose
2. List typical values for the following in intracellular fluid:

osmolarity
osmolality 
Na+
 K+
 H+ (pH)
 HCO3-
 Cl-,
Ca2+
3. List the body water compartments of the body and describe their separation.
4. What are the two extracellular fluid compartments in the body?

5. Choose the ion with the highest concentration in the intracellular fluid

a. Na+
b. K+
c. Ca2+
d. Cl-
e. HCO3-
6. If a 2 liter solution with 10 osmoles of sucrose  (A) is separated from a 5 liter solution with 20 osmoles of sucrose (B) by a membrane impermeable to sucrose and permeable to water, in which direction will movement of water occur?

a. from solution A to solution B

b. from solution B to solution A

c. to solution A and then back to solution B

d. to solution B and then back to solution A

e. there will be no movement of water in this case

7. A 300 mOsM urea solution is __________ 

a. hyposmotic to a 200 mM solution of NaCl.

b. hyperosmotic to a 200 mM solution of NaCl.

c. isosmotic to a 200 mM solution of NaCl.

d. isosmotic to a 600 mM solution of NaCl.

e. isosmotic to a 0.18 % solution of NaCl.

8. If a 10% KCl solution is separated from a 20% KCl solution by a membrane impermeable to K+ and to Cl-, in which direction will net movement of water occur?

a. from the 10% KCl solution to the 20% KCl solution

b. from the 20% KCl solution to the 10% KCl solution

c. there will be no net movement of water in this case

d. water moves with K+ across the membrane 

e. back and forth between the solutions

9. Which statement about water movement between the ICF and ECF is true?

a. A higher NaCl osmolarity in a compartment will cause net water movement into it.

b. A higher glucose osmolarity in a compartment will cause net water movement into it.

c. A lower NaCl osmolarity in a compartment will cause net water movement into it.

d. Equal osmolarities of NaCl and glucose will affect water movement the same.

e. Equal molarities of  NaCl and glucose will affect water movement the same.

10. Imagine that a lab osmometer is used to test ten samples from the same solution. The osmometer  is contaminated so that it always adds 15 mOsM to the true solution concentration of 143 mOsM, but gives a value of 158 mOsM  each test.  The values collected are …

a. precise and accurate

b. imprecise but accurate

c. precise but inaccurate

d. imprecise and inaccurate

11. An intravenous 10 % glucose in 0.45% NaCl solution is…

a. isosmotic and hypotonic

b. isosmotic and isotonic.

c. isosmotic and hypertonic.

d. hyperosmotic and hypotonic.

e. hyperosmotic and isotonic.

f. hyperosmotic and hypertonic.

12. If a 2 liter solution with 8 osmoles of glucose  (A) is separated from a 6 liter solution with 10 osmoles of glucose (B) by a membrane permeable to glucose and to water, in which direction will movement of water occur?

a. from solution A to solution B

b. from solution B to solution A

c. to solution A and then back to solution B

d. to solution B and then back to solution A

e. water will never move between A and B

13. If a 4-liter solution with 10 osmoles total of sucrose  (A) is separated from a 5-liter solution with 20 osmoles total of sucrose (B) by a membrane impermeable to sucrose and permeable to water, in which direction will movement of water occur?

a. from solution A to solution B

b. from solution B to solution A

c. to solution A and then back to solution B

d. to solution B and then back to solution A

e. there will be no movement of water in this case

14. A 400 mM NaCl solution is __________ 

a. hyposmotic to a 500 mOsM solution of glucose.

b. hyperosmotic to a 500 mOsM solution of glucose.

c. isosmotic to a 500 mOsM solution of glucose.

d. hyposmotic to a 300 mOsM solution of glucose.

e. isosmotic to a 50 % solution of glucose.

15. Under what conditions will movement of oxygen into oxygen-depleted cells be facilitated?

a. with receptor specificity 

b. with increased plasma glucose levels

c. with high oxygen levels outside the cells

d. where the cell membrane has increased cholesterol levels

e. where scar tissue on the cell surface reduces available surface area

16. What is the largest fluid compartment in the body?

a. plasma 

b. osmostitia 

c. interstitial fluid

d. intracellular fluid

e. the fluid portion of the blood

17. A young person with a total body weight of 95 kg has an estimated… 

a. 50 kg total body water with 20 kg inside cells, 30 kg outside cells

b. 60 kg total body water with 30 kg inside cells, 30 kg outside cells

c. 60 kg total body water with 40 kg inside cells, 20 kg outside cells

d. 90 kg total body water with 30 kg inside cells, 60 kg outside cells

e. 90 kg total body water with 60 kg inside cells, 30 kg outside cells

18. A 0.9% NaCl solution is an isotonic solution for patient X. An example of a hypertonic solution for this patient would be…
a. 1.2 % NaCl with 0.5% glucose
b. 0.9% NaCl with 0.5% glucose
c. 0.8% NaCl
d. 0.8% NaCl with 0.5% glucose
e. 0.5% glucose
19. You have, on average, a 90 mg/dl plasma glucose concentration. If you have 5 liters of plasma total in your body, how many grams of glucose total do you have in the plasma? 

20. An experiment is conducted to test the permeability characteristics of a dialysis membrane. The membrane is made into a sac, with different solutions placed inside and outside, as you did in lab.  Here are the results:  If the sac contains a 10% sucrose solution and is placed in a 20 % sucrose solution, it will crenate.  If the sac contains a 10% sucrose solution and is placed in water, it will  swell. If the sac contains a 10% CaCl2 solution and is placed in water, it will swell. If the sac contains a a 10 % Ca2+ solution, there will be no net change in its weight.  What are the permeability characteristics if this dialysis membrane, based on these results?  
21. Predict the change in size of a normal human cell placed in each of the following solutions by circling from the italicized choices:  

a. In 400 mOsM glucose, the cell will :
crenate 

not change
swell


b. In 5% NaCl, the cell will:


crenate 

not change
swell


c. In a hyperosmotic, isotonic solution:       crenate 

not change
swell


22. Answer the questions below based on the following solution:




You have 200 ml of a 25 % MgCl2 solution
 

(MW  Mg = 24.3, Cl = 35.5) 

(Each mole of MgCl2= 3 osmoles in solution)




Show your work.

a. Since this is a 25% solution, how many grams of MgCl2 are in 100 ml of the solution?

b. How many grams total are in the 200 ml?

c. How many grams does 1 mole of MgCl2 weigh?

d. How many moles are in the 200 ml MgCl2solution?

e. How many osmoles are in the 200 ml MgCl2solution?

f. What is the osmolarity of the MgCl2 solution?  

g. Cell membranes are impermeable to Cl- ions. What would the tonicity of this solution be if introduced to the ECF?

23. In the diagram below are two solutions (A and B) separated by a membrane permeable to water but not solutes.  Use this as the starting condition for the questions below. (10 pts)


a. In this initial condition, what is the osmolarity of solution A?

In this initial condition, what is the osmolarity of solution B?

b. If you compare osmolarities of solution A to B, solution A is _______________ to B. 

c. In which direction will water move between these compartments?

d. After all osmosis has occurred, what will the osmolarity of compartment A be?

e. How much total water has moved into or out of compartment A?

24. In the diagram below are ECF and ICF compartments separated by a membrane permeable to water and to Ca++.  Use this as the starting condition for the questions below. (16 pts)




a. What is the initial osmolarity in the ECF before any CaCl2 solution is added?

b. What are the two fluid compartments that make up the ECF (extracellular fluid)?

c. One liter of the 8% calcium chloride solution will be added to the ECF.  What is the osmolarity of the CaCl2 solution before it is added?  (molecular weight of Ca= 40.1, Cl = 35.5) (CaCl2 has a disassociation constant of 3)

d. After the CaCl2 solution is added, how does the osmolarity of the body (ECF and ICF) change? circle your answer:

osmolarity decreases

no change
 osmolarity increases
e. The Ca2+ ion in the ECF diffuses through an open ion channel into the ICF but the Cl- ions cannot move into the ICF.  Which compartment, therefore, has a higher concentration of non-penetrating solutes after the addition of the CaCl2 solution (before water or solutes move)?

f. Circle your answer for which way net water movement will be after the CaCl2 addition: 

into ECF

no net water movement

into ICF
f. Based on your answer directly above, what is the tonicity of the CaCl2 solution?   

25. In the diagram below are ECF and ICF compartments separated by a membrane permeable to water and to K+  Use this as the starting condition for the questions below.  




g. What is the osmolarity in the ICF before any KCl solution is added?

h. 500 ml of a 2% potassium chloride solution will be added to the ECF.  What is the osmolarity of the KCl solution?  (molecular weight of K= 39.1, Cl = 35.5) (KCl has a disassociation constant of 1.6)

i. The KCl solution  is:  (circle choice)
 hyposmotic /isosmotic /hyperosmotic to the body.

j. After the KCl solution is added, how does the osmolarity of the body change?

(circle your answer):
osmolarity decreases
no change
 osmolarity increases
k. The K+ ions diffuse through an open ion channel into the ICF but the Cl- ions cannot move into the ICF.  Which compartment has a higher concentration of non-penetrating solutes after the addition of the KCl solution (before water or solutes move)?

the ECF

they are the same

the ICF
l. What is the tonicity of the KCl solution?

26. In the diagram below are ECF and ICF compartments separated by a membrane permeable to water and to Ca++.  Use this as the starting condition for the questions below. (24 pts)




m. What is the initial osmolarity in the ECF before any CaCl2 solution is added?

n. What are the two fluid compartments that make up the ECF (extracellular fluid)?

o. One liter of a 15% calcium chloride solution will be added to the ECF.  What is the osmolarity of the CaCl2 solution before it is added?  (molecular weight of Ca= 40.1, Cl = 35.5) (CaCl2 has a disassociation constant of 3)

p. After the CaCl2 solution is added, how does the osmolarity of the body (ECF and ICF) change? circle your answer:

osmolarity decreases

no change
 osmolarity increases
q. The Ca2+ ion in the ECF diffuses through an open ion channel into the ICF but the Cl- ions cannot move into the ICF.  Which compartment, therefore, has a higher concentration of non-penetrating solutes after the addition of the CaCl2 solution (before water or solutes move)?

r. Circle your answer for which way net water movement will be after the CaCl2 addition: 

into ECF

no net water movement

into ICF
g. Based on your answer directly above, what is the tonicity of the CaCl2 solution?   

h. Circle your answers below to show how body osmolarity changes (increase, no change or decrease) and which way water moves when each IV fluid is added to the body.

IV Fluid


Change in OsM?

Water movement?           .

0.9% NaCl (normal saline)
(
N/C
  (

into ECF 
N/C  
into ICF
0.45% NaCl


(
N/C
  (

into ECF 
N/C  
into ICF
5% glucose in 0.45% NaCl
(
N/C
  (

into ECF 
N/C  
into ICF
27. In the diagram below are two solutions (A and B) separated by a membrane permeable to water but not solutes.  Use this as the starting condition for the questions below. (10 pts)


a. In this initial condition, what is the osmolarity of solution A?

In this initial condition, what is the osmolarity of solution B?

b. If you compare osmolarities of solution A to B, solution A is _______________ to B. 

c. In which direction will water move between these compartments?

d. After all osmosis has occurred, what will the osmolarity of compartment A be?

e. How much total water has moved into or out of compartment A?

28. A juvenile patient arrives in the hospital after a long soccer game with the following values initially (assuming you have a way to measure each):

Total body water volume = 30 liters

Solute amount in the total body = 9.6 osmoles

Solute amount in the extracellular fluid  = 3.2 osmoles

Solute amount in the intracellular fluid  = 6.4 osmoles

a. What is the patient’s initial intracellular  osmolarity?   

b. What is the patient’s initial intracellular  fluid volume?   

c. How much water would this patient need to ingest to return body osmolarity values to      normal (300 mOsM)? 

d. If this patient is given an IV solution of 0.9% NaCl + 5% glucose, how would his body osmolarity change?  (circle your answer)


increase

no change
decrease

e.  If this patient is given an IV solution of 0.9% NaCl how would his intracellular fluid volume change?  (circle your answer)


increase

no change
decrease
*  Christy ran the Boston marathon last year (fun!). The following questions are based on her. 

29. Christy weighs 160 lbs.  What is her weight in kilograms? ________________ 


30. Christy eats a large amount of proteins, carbohydrates and lipids during her training season. The food is digested in her digestive system lumen.  Small biomolecules are then absorbed across cells and into the ECF. Draw an epithelial cell with the properties below. Label the mechanism and direction of molecule movement across the membrane for each transmembrane transport.  The epithelial cell moves:    









-  small lipids from the lumen to the ECF 





- glucose from the lumen to the ECF





- proteins from the lumen to the ECF

31. Christy now has inflammation in the connective tissue that connects her leg muscles to her leg bones. This type of connective tissue is ________________. This connective tissue contains cell named _______________ that produce extracellular matrix proteins.   The type of protein that makes the tissue strong and flexible but not stretchy is _______________. This protein is made in the cell and moved out by the process ________________. 


32. Christy is given a quick routine physical examination immediately after the marathon. Included in the examination was palpation of her antebrachium and auscultation of her thorax. What was likely the purpose of each of these two examinations?





33. At the end of the race, Christy had 6.71 osmoles in her intracellular fluid  and 22 liters of fluid. What was her intracellular fluid osmolarity?    





34. If she had 11 liters of fluid in her extracellular fluid at the end of the race, how many osmoles were in her extracellular fluid?








35. A normal value for body osmolarity is _______________, so Christie's concentration of body fluids at the end of the race was (circle your choice) 
  higher 
 /  lower   than normal.  

36. As a precaution, Christie was given 500ml of a 5 % glucose in 0.45 % NaCl solution. Compared to her specific body values at the end of the race, this solution is (circle your choice) hyposmotic  / isosmotic  / hyperosmotic .  With this IV solution in Christy's case, water moves (circle choice)   in  / out  of cells and is (circle choice)   hypotonic  / isotonic  / hypertonic.  

37. For each of the following solutions, state the osmolarity and tonicity relative to a normal person's body fluids: (Note that these are hypothetical, not real, IV fluids). 

	Fluid
	Osmolarity
	Tonicity

	400 mOsM NaCl
	
	

	400 mOsM glucose
	
	

	distilled (pure)  water
	
	

	2.5 % glucose in 0.9% NaCl
	
	

	2.5 % glucose in 0.45% NaCl
	
	


38. Fred was hiking at Enchanted Rock State Park when he stepped in a hole, breaking his leg. Answer the following questions about his situation:   (2pts each) 

a. Fred weighs 95 kg. How many pounds does he weigh?

b. Before the accident, Fred had a normal body osmolarity of 280 mOsM.  If, at that time he had 15.96 osmoles total in his body, how many liters of total body water did he have? 
c. It was hours before help arrived and Fred had no water to drink.  While waiting,  Fred was sweating. Total in his sweat, he lost 300 mosmoles of solute and 1875 ml of water.  What was the osmolarity of his sweat? 

d. Given the above-calculated osmolarity of his lost sweat, how did Fred's body osmolarity change while waiting?  His osmolarity 
increased 
or 
decreased        (circle your answer)

e. The emergency health care team gives Fred 1L of a 0.45% NaCl IV solution. This solution is 



hypotonic

isotonic


hypertonic  
 (circle answer)
39. A wilderness firefighter has just completed 12 hours of fighting a forest fire.  Towards the end of those 12 hours she overheated and vomited twice, losing both fluid and ions. Answer the following questions about her health situation:   

a. After vomiting,  she was treated by local paramedics  who gave her 500 ml of water to drink.  By drinking the water did the firefighter increase or decrease her body osmolarity?

b. At the end of the 12 hours and even after drinking the water, she exhibited symptoms of a possible osmotic imbalance.  She was taken to the hospital where the measures shown on the chart below were determined. Fill in the remainder of the chart. (Be sure to include units.)

	
	Total body
	ECF
	ICF

	volume
	30 liters
	10 liters
	20 liters

	solute amount
	
	
	

	osmolarity
	270 mOsM
	
	


c. The emergency room health care team disagrees whether to give the firefighter an IV solution of 0.9% NaCl  or an IV of 5% glucose in 0.9% NaCl . Circle below which you would choose and state your reason, including an explanation of the osmolarity and tonicity of the solution and the osmolarity of her body before and after being given the IV. (Extra space is provided if you need to make calculations. Your explanation does not need to be lengthy.)
Adding solution (circle): 

0.9% NaCl 

5% glucose in 0.9% NaCl

Your reason:

B.





659 osmoles


  9 liters





A.





540 osmoles


  10 liters





  added solution:


8% CaCl2





ECF





2300 mosmoles


  10 liters





ICF





4500 mosmoles


  20 liters





ICF





_? osmoles


  25 liters





ECF





3700 mosmoles


  10 liters





  added solution:


2% KCl





  added solution:


15% CaCl2





ECF





2800 mosmoles


  10 liters





ICF





5600 mosmoles


  20 liters





B.





459 osmoles


  9 liters





A.





520 osmoles


  10 liters








