Biology 305 Laboratory Final Exam KEY
Spring 2009
Fill In The Blank & Multiple Choice are 2 Pts. each
1.  The anatomical region of the amphibian heart responsible for setting the pace of contractions is called the Sinus Venosus. 

2.  The volume of blood (mL) pumped from the heart per contraction is called stroke volume.

3.  An ingested substance that causes excessive loss of water in the urine is called a diuretic.

4.  The name of the instrument used to measure specific gravity is the refractometer. 

5.  The physiological term that describes a phase of relaxation in the heart is diastole.  

6.  Aldosterone is produced by the adrenal gland.

7.  Which of the following are listed in the correct order (the order in which blood flows through the amphibian heart). 

Right atrium ( ventricle ( lungs( left atrium

Short Answers Are 6 Points

8.  The figure below illustrates a trace from a mammalian heart.  The arrow indicates when an unknown pharmacological agent is added to the heart.  Complete the drawing of the trace below (in the space provided, after the arrow).  Illustrate a drug that acts as both a + inotropic and + chronotropic agent.  Be sure to draw the scale of the trace carefully!




· 2 pts. Trace must show an increase frequency 
· 2 pts. Trace must show an increase in amplitude (or amplitude that stays the same)

· 2 pts. for labeling axes (1 pt. for each axis:  X axis = time;  Y axis = Volts)
Longer Answer Are 10 Points Each
9.  List FIVE substances tested for by the ChemStick analysis that should NOT normally be present in the urine (i.e. you should’ve tested negative for these substances):

Any of the following apply for a maximum of 10 pts (2 pts. for each): 
· Nitrite

· Red Blood Cells (erythrocytes)

· White Blood Cells (leukocytes)

· Protein

· Glucose

· Bilirubin

· Urobilinogen

· Ketones


10.  Draw the flow of information for the cardiovascular lab.  Be sure to include the name(s) and functions of all important instruments as well as the order in which each receives information. 

[image: image1]
Flow of information:

1 pt.  Source of stimulus = Frog Heart (
1 pt. Force transducer (
· 2 pts.  Function: converts mechanical force into an electrical signal
1 pt.  Iworx box(
· 2 pts. Function: Digitizes signal
1 pt.  Computer monitor/LabScribe Software

· 2 pts.  Function: displays trace & saves data

11.  What is the relationship between metabolic rate and mass specific metabolic rate? As part of your answer, be sure to define each term and include units.   In lab, what differences do you observe between the two rates with respect to small versus large mice?  How does Rubner’s Surface Hypothesis seek to explain these trends in metabolism.  BE SPECIFIC and logical in your explanation!  As part of your answer, include any flaws in the hypothesis.  
· Metabolic Rate Versus Mass Specific Metabolic Rate
· 1 pt.     Metabolic rate is the speed of O2 consumption/unit time (i.e. O2 consumed/min).  

· 1 pt.  Larger mice consume more O2 per unit time 
· 1 pt.    Mass specific metabolic rate is a measure of O2 consumed/unit time/gram of body weight)

· 1 pt.   Small mice have a higher MASS SPECIFIC metabolic rate                      (they consume more O2/unit time/gram body weight)
· Rubner’s Surface Rule: 

· 1 pt.     Small animals have more surface area per unit volume                           (a greater surface area to volume ratio) than do their larger counterparts 

· 2 pts.   Greater surface area means more heat is lost across the body surface (per unit gram of body weight) 

· 2 pts.   Therefore, smaller animals expend more energy to maintain their body temperature than do large animals. 
· Flaws (assumptions) of Rubner’s: 
1 pt.  Accept any of the following:
· Assumes all animals thermoregulate 
· i.e. animals must expend energy to maintain their body temp 
· Assumes that animals grow like a sphere 
· Volume grows to raduius cubed while surface area grows to the radius squared
Essay Questions Are 25 Points Each 
12.  Sarah, Katherine and Patti attend a luncheon in honor of Patti’s 40th birthday.  The three ladies are of similar body size and weight.  Each of them arrives at the luncheon having consumed nothing but water in the few hours prior to its start.  Assume each of them has normal extracellular fluid (ECF) volume and osmolarity upon their arrival.  While at the luncheon, Sarah ingests a large cup of black coffee.  Explain how ingestion of that fluid will effect Sarah’s 1) urine volume and 2) urine specific gravity (be sure to mention what specific gravity measures as part of your answer; also explain what a high specific gravity signifies).  Katherine drinks a large cup of decaffeinated coffee with Splenda (an artificial sweetener).  How will the ingredience in Katherine’s drink influence her urine volume and specific gravity, particularly as they compare to Sarah’s? Patti drinks a large cup of coffee with significant amounts of sugar added.  Explain how Patti’s drink will impact her urine volume and specific gravity as compared to both Sarah and Katherine.  Assume the three women do not consume anything but their drink at the luncheon.  

· Specific Gravity

· 2 pts. Specific gravity measures the relative solute concentration of a solution (in this case urine) as compared to water. 

· 2 pts.  The higher the specific gravity, the higher the solute concentration.

· Sarah Drank Black Coffee

· Urine Volume

· 2 pts.   Sarah will excrete a large volume of urine
 This is due to:

· 1 pt.  The fact that she drank a large volume of fluid

· 2 pt.  The fact her coffee contains caffeine, a diuretic that blocks the action of ADH at the collecting duct so that additional water is lost in the urine
· Urine Specific Gravity

· 2 pts.   Sarah will produce urine with a very LOW specific gravity, indicating a very dilute urine.

This is due to:

· 1 pt.  The fact that she consumed a liquid with few solute particles

· 1 pt.  The fact that caffeine is a diuretic.  Since additional water is lost in the urine, solutes in the urine are diluted 
· Katherine Drank Decaffeinated Coffee With Splenda:

· Urine Volume

·   2 pts.  Katherine’s urine volume should be less than Sarah’s  
 This is due to:
· 1 pt.  The fact that there was no caffeine in her drink 

· Urine Specific Gravity

· 2 pt.   Katherine’s urine should have a higher specific gravity than Sarah’s   

  This is due to:

· 1 pt. Katherine’s drink contains Splenda, an artificial sweetener that is secreted into the nephron and excreted in the urine.  Splenda is a solute that contributes to specific gravity.

· Patti Drank Coffee With Sugar:
· Urine Volume:
· 2 pts.   Patti’s urine volume should be the same as Sarah’s but greater than Katherine’s
This is due to:

· 1 pt. the fact that both Sarah’s and Patti’s drinks contain caffeine and Katherine’s did not 
· Specific Gravity:

· 2 pt.    Patti’s specific gravity should be the same as Sarah’s but lower than Katherine’s
This is due to:

·   1 pt.  the fact that sugar is the major solute in Patti’s drink. Sugar should be entirely reabsorbed by the kidney and will not be excreted in urine.  The Splenda in Katherine’s drink will be excreted in the urine

13. Use Starling’s Law of the Heart to predict what would happen to: 1) EDV (stretch)  2) force of contraction and 3) stroke volume (SV) following addition of a positive (+) chronotropic agent to the heart (define + chronotropy as part of your answer).  How does Starling explain the link between these factors (EDV (stretch), force and SV?) Be Specific!  

In lab, many groups observed a decrease in frequency AND force of contraction upon addition of cold Ringer’s Solution.  Does Starling’s Law adequately explain (or predict) this decrease in force of contraction after application of cold saline to the heart? Why or why not?  Draw Starling’s Curve (label axes).  On the same graph, draw the curve that represents cold Ringer’s Solution (as described above).  Be sure to differentiate the two functions with labels.  Explain how the two curves are related in WORDS.  Lastly, what term is used to describe a substance that effects force of contraction, much like cold Ringer’s Solution did in the scenario above?    

· 1 pt. A positive (+) chronotropic agent increases the rate at which the heart contracts
· Following addition of a positive chronotropic agent, Starling’s Law Predicts :

· 3 pts.  a decrease in EDV (stretch), a decrease in Force and a decrease in SV
· Explanation of Link:

· 1 pt     As HR increases, there is less time for the ventricles to fill with blood
· 1 pt     Less filling time means less blood in ventricle at end of diastole (decreased EDV)
· 1 pt     Less blood in ventricle means less stretch of myocardial cells

· 1 pt     Less stretch generates less force 
· 1 pt    The lower the force, the less blood ejected (decreased SV) 

· Cold Ringer’s Solution:

· 1 pt. Starling’s Law does NOT explain/predict a decrease in force after a decrease in HR
· 1 pt.  This is due to the fact that a decrease in HR should result in an increase in EDV/stretch due to MORE FILLING TIME.  Starling’s Law would therefore predict a greater force of contraction when HR decreases.    


Starling’s Curve


                       

Stroke 

Volume

Or Force

(1 pt.)

 





14.  You are a laboratory scientist investigating a new drug that may be useful in treating high blood pressure and other cardiovascular conditions.  Upon investigation, you find that the drug causes a significant decrease in the frequency of ventricular contractions when applied to the heart of a mammal (ignore force).  Begin by describing the drug’s possible mechanisms of action, including the names of all neurotransmitters, receptors and divisions of the nervous system that may be relevant in regulating heart rate.  Define what agonists and antagonists do. Given only acetylcholine and epinephrine to help you, you must formulate an experimental protocol to find the mechanism of action of the unknown drug.  State the protocol in the space below.  Next, explain how you would go about running your experiments using both known agents (Ach and Epi) and the unknown drug.  Be VERY specific in your explanation (i.e. when is Ringer’s solution added; how and why do you run traces with the known agents? In what order are the drugs added to the heart?  Finally, explain each possible outcome and what each outcome allows you to conclude regarding the mechanism of action of this new drug.  

· Possible Mechanisms of Drug:

· 2 pts.  Drug could be a muscarinic agonist 
· 2 pts. Drug could be a Beta 1 antagonist
· Background: 

· The Sympathetic & Parasympathetic Branches of the ANS  regulate HR:

· 2 pts.  Parasympathetic Division discharges Ach, which decreases HR
· 1 pt.  Ach binds to muscarinic cholinergic receptors on the heart
· 2 pts.  Sympathetic Division discharges NE, which increases HR
· 1 pt.   NE binds to Beta 1 adrenergic receptors on the heart
· 1 pt.  Agonists:  substance that facilitates binding of neurotransmitter to its receptor or  mimics activity of neurotransmitter at its receptor
· 1 pt.  Antagonist :  substance that blocks or disrupts a neurotransmitter at its receptor 
· Testing Known Agents (Epi and Ach)

· 1 pt.  Add Epi to heart, run trace. Rinse.  Add Ach to heart, run trace (or visa versa)
· 1 pt.  You MUST rinse with Ringer’s between two knowns 
· 1 pt.  Baseline traces verify that heart responds to an agent. They act as a control  against which treatments are compared 

· Experimental Protocol for Unknown

· 1 pt.  Add unknown drug to heart (question states that unknown decreased HR)
· 3 pt.  Wait for heart to respond to unknown, then follow with Epi (same quantity used in control) 
· Possible Outcomes & Conclusions:

· 2 pts.  If HR does NOT increase upon addition of  Epi (as compared to baseline), conclude that B1 receptors are blocked 
· 1 pt.  Unknown is a Beta 1 antagonist.

· 2 pts.  If HR increases upon addition of Epi (similar to baseline), then conclude that B1 receptors are NOT blocked.
· 1 pt.  The unknown is a muscarinic agonist
1. Frog





4. computer + LabScribe





3.  Iworx





2. Force Transducer








NOTE: curve must be drawn BELOW the normal curve to receive credit!




















3 Pts.   The two curves are related in that at a single EDV or stretch ( * ) the heart infused with cold Ringer’s Solution will contract LESS FORCEFULLY than the normal heart





3 Pts.   In this scenario, cold Ringer’s is acting as a negative inotropic agent 





Normal heart (2  pt.)





Heart after cold Ringer’s   (4 pt.)





*





Stretch/EDV (1 pt.)








