
 SEQ CHAPTER \h \r 1Integrative Sciences:  Biological Systems B

Body Fluid/Electrolytes and Kidney Systems

Body Fluids Compartments, Renal Clearance and Renal Excretion of Drugs
Monday, November 21, 2011 @ 10:00 am

Lecturer:
Lisa M Harrison-Bernard, PhD
Reading:
Chapters 1 & 3 in Koeppen & Stanton Renal Physiology (Mosby 


Physiology Monograph Series)

Learning Objectives:
! 
Given the body weight, estimate the a) total body water, b) extracellular water, c) intracellular water, d) blood volume, and e) plasma volume.  Identify normal extracellular fluid (plasma) osmolarity and concentrations of Na+, K+, Cl-, HCO3, proteins, creatinine, and contrast these values with those for intracellular fluids.

! 
Predict the changes in extracellular fluid volume, extracellular fluid osmolality, intracellular fluid volume, and intracellular fluid osmolality caused by intravenous infusion of three liters of 0.9% NaCl (isotonic), 0.45% NaCl (hypotonic), and 7.5% NaCl (hypertonic).

! 
Explain the clearance principle.  Use the clearance equation and an appropriate compound to estimate the glomerular filtration rate (GFR), renal plasma flow (RPF), and renal blood flow (RBF). 

· Given the appropriate plasma and urine concentrations and the urine flow, calculate the filtered load, tubular transport, and excretion rate of a given compound.  Given the appropriate plasma and urine concentrations and the urine flow, calculate the clearance of inulin, creatinine, para-amino hippuric acid (PAH), and glucose.  Predict how changes in filtration, reabsorption, and secretion will affect renal excretion of each compound. 
Integrative Sciences:  Biological Systems B

Body Fluid/Electrolytes and Kidney Systems

Renal Blood Flow and Glomerular Filtration
Wednesday, November 23, 2011 @ 9-11 am

Lecturer:
Lisa M Harrison-Bernard, PhD
Reading:
Chapter 3 in Koeppen & Stanton Renal Physiology (Mosby Physiology 

Monograph Series)

Learning Objectives:
! 
Describe how the Starling hypothesis of capillary exchange applies to the glomerular capillaries and the process of glomerular filtration.  Describe typical values of the Starling forces and how changes in them would affect glomerular filtration.

! 
Describe how the Starling hypothesis of capillary exchange applies to the peritubular capillaries and the process of fluid reabsorption.  Describe typical values of the Starling forces and how changes in them would affect the rate of fluid reabsorption.

! 
List the 3 components of the glomerular filtration barrier and describe their relative contribution to the composition of the glomerular filtrate.

! 
Define the filtration coefficient at the glomerular capillary and explain its role in determining glomerular filtration rate. 

! 
Given the capillary and Bowman’s capsule hydrostatic and oncotic pressures, calculate the net filtration force at the glomerular capillaries.  Predict the changes in glomerular filtration caused by increases or decreases in any of those pressures. 

! 
Define renal blood flow, renal plasma flow, and glomerular filtration rate, and filtration fraction.

! 
Know the average values for renal blood flow and glomerular filtration rate in adult humans.  Compare blood flow and oxygen consumption in kidneys to that of skeletal muscle.

! 
Describe the relative resistances of the afferent and efferent arterioles and the effects on renal blood flow and glomerular filtration rate of selective changes in each.

! 
Define and describe autoregulation of renal blood flow and glomerular filtration rate. 

! 
Define and describe the myogenic and tubuloglomerular feedback mechanisms that mediate the autoregulation of renal blood flow and glomerular filtration rate. 

! 
Predict the changes in renal blood flow and glomerular filtration caused by: a) increased synthesis of angiotensin II, b) increased release of atrial natriuretic peptide, c) increase in renal sympathetic nerve activity, d) increase secretion of arginine vasopressin, and e) increased prostaglandin formation, f) increased nitric oxide formation.

! 
Know the effects of hormones, paracrine factors and autocoids on the resistance of afferent and efferent arterioles.

Integrative Sciences:  Biological Systems B

Body Fluid/Electrolytes and Kidney Systems

Problem Set
Monday, November 28, 2011 at 9 am

Lecturer:
Lisa M Harrison-Bernard, PhD
I.
Body Fluid Problems - Shifts of water between compartments

What happens to the following 6 parameters:

ECF volume?

ICF volume?

ECF osmolarity?

Plasma protein concentration (PPC)?

Blood pressure?

A.
Infusion of isotonic NaCl (isosmotic volume expansion)

B.
Diarrhea - loss of isotonic fluid (isosmotic volume contraction)

C.
Excessive NaCl intake - addition of NaCl (hyperosmotic volume expansion)

D.
Sweating in a desert - loss of water (hyperosmotic volume contraction)

E.
Syndrome of inappropriate antidiuretic hormone (SIADH) - gain of water (hypoosmotic volume expansion)

F.
Adrenocortical insufficiency - loss of NaCl (hypoosmotic volume contraction)
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II.
Starling Forces
1.
At the afferent arteriolar end of a glomerular capillary, PGC is 45 mmHg, PBS is 10 mmHg, and  GC is 27 mmHg.

What are the value and direction of the net ultrafiltration pressure?

III.
Renal Clearance, Renal Blood Flow, Glomerular Filtration Rate, etc.
2.
To measure GFR: 

Infuse inulin intravenously until PIN is stable.  Measure urine volume produced in a known period of time (urine flow).  Measure PIN and UIN. 

Given the following:

PIN = 0.5 mg/ml 

UIN = 60 mg/ml

Urine flow = 1.0 ml/min

What is GFR?

3.
To measure CPAH: 

Infuse PAH.  Obtain a timed, complete urine collection and a blood sample.

Measure PPAH, UPAH, and urine flow.

Given the following:

PPAH = 0.05 mg/ml 

UPAH = 29.5 mg/ml 

Urine flow = 1.0 ml/min

What is CPAH?

4.
Calculation of Renal Blood Flow (RBF):  RBF = RPF  (1–Hct )

Given the following:

Hematocrit = 0.45

RPF calculated in problem #3

What is RBF = ?

5.
Calculation of Filtration Fraction (FF):  Fraction (%) of renal plasma flow that is filtered (moves across the glomerular capillary walls into the Bowman's space) as blood traverses the kidney.   FF = GFR  RPF 

Given the GFR and RPF calculated in problems #2 and #3

What is FF = ?

6.
Fractional Excretion (FEQ) is the fraction (%) of filtered substance (Q) that is excreted in the final urine. FEQ = Amount excreted/min  Amount filtered/min = UQV  (PQ X GFR) = ClearanceQ  GFR

Given  the following:

ClearanceNa = 0.9 ml plasma/min

GFR from problem #2

What is FENa = ?

7.
Fractional Reabsorption (FR) is the fraction (%) of filtered substance that is reabsorbed by the tubules.  FRQ = 1 – FEQ
Given the FENa calculated in problem #6

What is FRNa = ? 

8.
Creatinine is a substance that is excreted primarily by filtration and is produced by the body at a fairly constant rate.  Thus, it can be used to estimate glomerular filtration rate (GFR). 

Given the following data: 

24 hour urine volume = 1.2 liters 

UCr = 144 mg/100 ml 

PCr = 2 mg/100 ml 

8A. Calculate the GFR. 

8B. Is this value below normal, normal, or above normal? 

9.
In many experimental studies, inulin is used to measure GFR because it is easily measured and only filtered.  Also, PAH is used to estimate the plasma flow because the kidney extracts it from plasma very efficiently.  

Given the following data: 

urine flow = 3 ml/min 

PIN = 0.22 mg/ml 

UIN = 9.5 mg/ml 

PPAH = 0.08 mg/ml 

UPAH = 20 mg/ml 

9A.  Calculate the GFR and PAH clearances. 

9B.  Calculate the filtration fraction. 

9C.  If the hematocrit is 0.40, what is the total renal blood flow?
Integrative Sciences:  Biological Systems B

Body Fluid/Electrolytes and Kidney Systems

Transport of Acids and Bases
Monday, November 28, 2011 at 10 am

Lecturer:
Lisa M. Harrison-Bernard, Ph.D.
Reading:
Chapter 8 in Koeppen & Stanton Renal Physiology (Mosby Physiology Monograph Series)

Learning Objectives:
! 
Identify the normal range of pH values, and the upper and lower limits compatible with life.  Describe the role of buffers in maintaining pH, including the roles of the lungs and kidneys. 

! 
Distinguish between CO2-derived (volatile acid) and nonvolatile acids, the relative amounts produced each day through dietary intake and cellular metabolism, and the normal routes of loss from the body.

! 
Explain the four “simple” types of acid-base disorders (metabolic acidosis and alkalosis, and respiratory acidosis and alkalosis) and the direction of changes in HCO3-, CO2, and pH in each disorder.

! 
Explain the compensatory mechanisms following acid-base disorders.

! 
Calculate the filtered load of HCO3-, and identify the major sites of reabsorption (and secretion) along the nephron, emphasizing the importance of H+ secretory mechanisms in this process.  Describe the cellular mechanisms responsible for net transepithelial movement of HCO3-. 

! 
Describe net acid excretion by the kidneys, titratable acid, the importance of urinary buffers, and the production and excretion of ammonium.  Distinguish between the reclamation of filtered bicarbonate and the formation of new bicarbonate by the kidneys.

! 
Describe processes that lead to acid-base disturbances and list common causes.

