Study Guide for the Urinary System (Online version)
Glomerular Filtration (Page 1007 - )


Filtration Membrane –



Glomerulus 

Net Filtration Pressure - -page 1008  Or PP

Total of the pressures which drive the blood to cross the filtration membrane

 
Definitions: (See diagram on Page 1008)  


HPg = Glomerular Hydrostatic Pressure 




Typical 60 mmHg  (Pushing out)


OPg =  Glomerular Osmotic Pressure




Typical 28 mmHg  (Pushing in)



Result of the proteins in the blood (non-diffusible solutes – cannot 



HPc = Capsular Hydrostatic Pressure 




Typical 15 mmHg  (Pushing in)


SO: Net Filtration Pressure = HPg – (OPg +HPc)




Or:



NFP =  60 – (28 + 15)



NFP =  17 mmHg  (outward)
What happens if HPg drops to 43 mmHg?  (Kidney function will _________)
What happens if we lose protein in the blood?  (Severe Burn)   (Affects OPg by ___________)

What happens if we raise the blood pressure and HPg -  Blood proteins will begin to _________.

How do we control this pressure?   

Glomerular Filtration Rate    
1. GFR is the amount of filtrate production (volume) per minute

2. GFR is related to the NFP

a. Higher NFP will cause GFR to _________

3. GFR determines flow rate of filtrate through the nephron

a. More volume will cause filtrate to pass through ________(Faster or slower)

4. As GFR rises, we will not recover as much of the desirable solutes (Water, Na+, vitamins, etc.)  -  
5. With low GFR – too much will be reabsorbed – including perhaps wastes  
6. High GFR will result in ________ (dilute or conc) urine.  
7. Changes in HPg or OPg will alter ________(NFP) and  the _________ GFR.   
Clinical Applications (What if….) 

What if: 1.  Hemorrhage –

 Answer:  
.  


Application:  

What if 2:  Stress – Autonomic stimulation  (Bear attack) 

Answer:    
What if 3:  Kidney infection w/ Glomerulonephritis (Inflammation of glomeruli & nephron) 

Answer:   

What if 4:  Uncontrolled diabetes:


Answer:  
.  

(See IP10 CD – for GFR and NFP)

Regulation of NFP and GFR  

GFR should be about 125 ml/minute +/- 30%  

Summary chart of control mechanisms on Page 1009


A. Intrinsic Controls –  Autoregulation   (Slide 5 PDF)
(The kidney controlling NFP, hence GFR, and flow rate)

1.  Myogenic Mechanism -  Smooth muscle in the walls of the afferent arterioles  (When muscle is stretched, it automatically responds by contracting)

When systemic BP is too high, afferent arteriole would constrict.  

2. Tubuloglomerular Feedback Mechanism -  (See page 1005)
a. Juxtaglomerular apparatus cells are at the intersection of the DCT and the affer
b. Macula densa cells and the JG (Juxtaglomerular cells) work together to sense

i. Macula Densa cells – sense osmolality of the filtrate, then this determines what we do with glomeruli.  If there is too much sodium chloride (too concentrated), then we sense that GFR is too low.  

ii. Therefore, the afferent arteriole will constrict, cutting the NFP and hence GFR.  

3. Intrinsic mechanisms can compensate for MAP (Mean arterial pressures) between about 80 mmHg and 180 mmHg.  Below 80 mmHg, NFP and GFR begin to decline.  

4. Below about 50 mmHg, kidneys cease to form filtrate.  

Outside these limits, we will be overridden by:  

B.  Extrinsic Controls –  (Sympathetic stimulation and Hormonal Controls)


Typically short term, fast acting mechanisms
(Examples are hemorrhage, and sympathetic stimulation)
Sympathetic nerve stimulation of the muscles in the walls of the afferent arterioles. – Constricts them, reducing 
Drop in BP will cause sympathetic stimulation and constriction the smooth muscles and vasoconstriction of the afferent arterioles.  

In addition the JG (juxtaglomerular) cells release renin.

Renin – Angiotensin – Aldosterone mechanism  

a. Renin causes Angiotensin I to become Angiotensin 2, and raises systemic pressure.

b. It is a vasoconstrictor, for immediate increase of MAP

c. It also causes us to release Aldosterone, and retain Sodium, hence water.

d. Aldosterone stimulates secretion of Potassium, hence retention of Sodium.  High K levels will stimulate Aldosterone release.
The countercurrent Multiplier and exchanger
Osmolality in Different parts of the kidney (concentration)  - Diagram on Page 1016

1. Note that the ISF (Interstitial fluid) concentrations range from 300 (isotonic) to 1200 mOsm.
2. The 85% of the nephrons are cortical nephrons

3. 15% of them are juxtamedullary nephrons

4.  (See slide 8, or page 1017)

Formation of Dilute or Concentrated Urine

1. See page 1019 Diagram 
2. Less ADH yields dilute urine

3. More ADH yields concentrated urine

4. ADH opens the water channels, so that water can be reabsorbed in the DCT and collecting tubules.  

5. Absence of ADH, most water stays in the DCT, and you lose a lot of water.  

6. Stays in the range of from 100 mOSm and 1200.

7. ADH Is the most influential hormone in determining urine concentration and volume

8. Aldosterone also has a substantial effect – by conserving Na+, which water will follow. 

9. NOTE: Hormones are regulating blood volume and concentration, the urine is a byproduct.  
Diuresis – Urine production

1. See diagram on page 1017 again , 

2. Focus is on controlling blood volume and concentration, not the urine.  

3. Diuretics tend to work by inhibiting the reabsorption of Sodium, and tend to work in the ascending limb of henly and the DCT and collecting tubule.  

4. Lasix, caffeine, are examples

5. When we stop absorption of Na, we reduce the gradient in the exchanger, and fail to reabsorb as much water.  

6. Other Diuretics are OSMOTIC Diuretics

a. Example – sugar mannitol - 

b. Given to patients with Cerebral edema

c. In the blood, it increases osmotic pressure, bringing water back into the blood from the edema – reducing swelling.  

d. In the kidney, the mannitol gets into the filtrate, and attracts water, producing a larger volume of dilute urine.  
e. Osmotic Diuretics are effective at reducing swelling, not just blood volume.  

f. Other examples:  Glucose, would work the same in a diabetic, and would cause production of lots of dilute urine.  

g. Alcohol has a diuretic effect, by inhibiting the release of ADH.

Renal Clearance or Plasma Clearance – Page 1007

· Definition (Page 1021) – “Renal clearance is the volume of plasma that is completely cleared of a particular substance per minute.  

· Studies of renal clearance provide information about renal function or the course of renal disease. 

· See page 1022 – Stages of Kidney disease
· Stage 1  -  GFR > 90 
· Stage 2 – GFR 60-89

· Stage 3 – GFR 30-59

· Stage 4 – GFR 15 – 29

· Stage 5 – GFR <15

· This test is a measure of how much of a substance is being removed from the plasma.  Normally, only 20% of the volume
· This is the same as the glomerular filtration rate (GFR), unless the substance is reabsorbed or secreted.

· RC = UV/P  (U = concentration of substance in the urine, V = flow rate of urine formation in ml/min.   P = concentration of the substance in the plasma  (mg/ml)

· Test is performed with inulin (pg 1021) a sugar, like glucose, which is readily filtered, but not reabsorbed.

· Inulin is not reabsorbed or secreted (it is not a naturally occurring sugar).
· If you know how much inulin is in the blood, you would expect the amount that is in 125 ml/min of blood to be in the urine.

· This will give you the amount of filtrate per minute you are making.
· Examples: (typical amounts)

· Urea has a renal clearance of 70 ml/min (55 ml/min reabsorbed)

· Inulin RC 125 ml/min  (Same as GFR)
· Creatinine RC 140 ml/min (is also secreted in small amounts, and is constant in a given individual, and proportional to muscle mass).

· Creatinine also serves as a standard for “quick & dirty” estimate of GFR.  (It is another way to determine Renal Clearance) 
· High Creatinine is a possible indicator of kidney problem, and an indication for a real Renal Clearance test.  (Remember Creatine is a part of creatine phosphate in the muscles.) 

· Filtration Fraction is the percentage of blood flow that becomes filtrate (normally 20%) –  This is a measure of kidney function
· Tubular Maximum - Maximum rate at which you can reabsorb or transport a substance through the tubules.  This is what causes us to lose Glucose when there is too much filtered out.  (Diabetes Mellitus) Typical is about 300 mg/dl.  Above this point, glucose is not reabsorbed, and then the resulting Osmotic pressure reduces water re-absorption.  
· Renal Fraction test – (The portion of blood that goes to the kidney from the heart.)  (It also should be about 20%).  

· PAH – Paraaminohippuric acid – is also used to pass through the filtration membrane.  This is a substance that we secrete very effectively.  There should be almost none left in the blood leaving the kidney.  SO…it is an effective measure of Renal Clearance (RC) – With this one, we would measure the TOTAL amount of blood that enters the kidneys.  

