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QUESTION

EXPLAIN URINE FORMATION AND CONCENTRATION

Urine Formation by filtering the blood the nephrons perform the following functions
(1) Regulate concentration of solutes in blood plasma; this also regulates pH

(2) Regulate water concentrations; this helps regulate blood pressure

(3) Removes metabolic wastes and excess substances

Urine Formation:

Glomerular Filtration — water and solutes are forced through the capillary walls of the glomerulus
into the Bowman’s capsule (glomerular capsule)

Filtrate — the fluid that is filtered out into Bowman’s capsule
Glomerular Filtration Rate is regulated by mechanisms:

e Auto regulation — the smooth muscle in the afferent arteriole responds to blood pressure
changes by constricting and dilating to regulate filtration rate.

e Sympathetic control — causes afferent arterioles to constrict or dilate when activated by a
nerve impulse (fight or flight response to keep blood pressure up)

¢ Renin-angiotensin mechanism — triggered by the juxtaglomerular apparatus; when
filtration rate decreases, the enzyme renin is released. Renin converts a plasma protein
called angiotensinogen into angiotensin I. Angiotensin | is quickly converted into
angiotensin Il by another enzyme. Angiotensin Il causes 3 changes:

(1) Constriction of the arterioles — decreases urine formation and water loss

(2) Stimulates the adrenal cortex to release aldosterone — promotes water reabsorption by causing
the absorption of salt



(3) Stimulates the posterior pituitary to release ADH — antidiuretic hormone — promotes water
reabsorption

(4) Stimulates the thirst and water intake (hypothalamus says we’re thirsty so we get a drink)

Tubular Reabsorption — occurs both passive and actively; glucose, amino acids, and other needed
ions (Na, K, CI, Ca, and HCO3) are transported out of the filtrate into the peritubular capillaries
(they are reabsorbed back into the blood); about 65% of the filtrate is reabsorbed in the proximal
convoluted tubule.

e As these substances are reabsorbed, the blood becomes hypertonic so water easily follows
by osmosis

e Reabsorption in the distal convoluted tubule is under hormonal control...aldosterone
causes more salt to be absorbed, ADH causes more water to be absorbed

Secretion — waste products such as urea and uric acid, drugs and hydrogen and bicarbonate ions
are move out of the peritubular capillaries into the filtrate; this removes unwanted wastes and helps
regulate pH

e Urine — filtrate after it has passed through the nephron and undergone filtration,
reabsorption, and secretion. The urine passes into the collecting duct, which joins with the
minor calyx, major calyx, and eventually the renal pelvis. The renal pelvis joins with the
ureter.

e Color — yellow color is due to urochrome — a pigment produced from the breakdown of
bile pigments in the intestine

e Deep yellow to orange — more concentrated, less water

e Light yellow to clear — less concentrated, more water

GLOMERULAR FILTRATION RATE (GFR)

The volume of filtrate formed by both kidneys per minute is termed the glomerular filtration rate
(GFR). The heart pumps about 5 L blood per min under resting conditions. Approximately 20
percent or one liter enters the kidneys to be filtered. On average, this liter results in the production
of about 125 mL/min filtrate produced in men (range of 90 to 140 mL/min) and 105 mL/min filtrate
produced in women (range of 80 to 125 mL/min). This amount equates to a volume of about 180
L/day in men and 150 L/day in women. Ninety-nine percent of this filtrate is returned to the
circulation by reabsorption so that only about 1-2 liters of urine are produced per day.

GFR is influenced by the hydrostatic pressure and colloid osmotic pressure on either side of the
capillary membrane of the glomerulus. Recall that filtration occurs as pressure forces fluid and
solutes through a semipermeable barrier with the solute movement constrained by particle size.
Hydrostatic pressure is the pressure produced by a fluid against a surface. If you have a fluid on
both sides of a barrier, both fluids exert a pressure in opposing directions. Net fluid movement will
be in the direction of the lower pressure. Osmosis is the movement of solvent (water) across a
membrane that is impermeable to a solute in the solution. This creates a pressure, osmotic pressure,



which will exist until the solute concentration is the same on both sides of a semipermeable
membrane. As long as the concentration differs, water will move. Glomerular filtration occurs
when glomerular hydrostatic pressure exceeds the luminal hydrostatic pressure of Bowman’s
capsule. There is also an opposing force, the osmotic pressure, which is typically higher in the
glomerular capillary.

To understand why this is so, look more closely at the microenvironment on either side of the
filtration membrane. You will find osmotic pressure exerted by the solutes inside the lumen of the
capillary as well as inside of Bowman’s capsule. Since the filtration membrane limits the size of
particles crossing the membrane, the osmotic pressure inside the glomerular capillary is higher
than the osmotic pressure in Bowman’s capsule. Recall that cells and the medium-to-large proteins
cannot pass between the podocyte processes or through the fenestrations of the capillary
endothelial cells. This means that red and white blood cells, platelets, albumins, and other proteins
too large to pass through the filter remain in the capillary, creating an average colloid osmotic
pressure of 30 mm Hg within the capillary. The absence of proteins in Bowman’s space (the lumen
within Bowman’s capsule) results in an osmotic pressure near zero. Thus, the only pressure
moving fluid across the capillary wall into the lumen of Bowman’s space is hydrostatic pressure.
Hydrostatic (fluid) pressure is sufficient to push water through the membrane despite the osmotic
pressure working against it. The sum of all of the influences, both osmotic and hydrostatic, results
in a net filtration pressure (NFP) of about 10 mm Hg.

A proper concentration of solutes in the blood is important in maintaining osmotic pressure both
in the glomerulus and systemically. There are disorders in which too much protein passes through
the filtration slits into the kidney filtrate. This excess protein in the filtrate leads to a deficiency of
circulating plasma proteins. In turn, the presence of protein in the urine increases its osmolarity;
this holds more water in the filtrate and results in an increase in urine volume. Because there is
less circulating protein, principally aloumin, the osmotic pressure of the blood falls. Less osmotic
pressure pulling water into the capillaries tips the balance towards hydrostatic pressure, which
tends to push it out of the capillaries. The net effect is that water is lost from the circulation to
interstitial tissues and cells. This “plumps up” the tissues and cells, a condition termed systemic
edema.

Net Filtration Pressure (NFP)
NFP determines filtration rates through the kidney. It is determined as follows:

NFP = Glomerular blood hydrostatic pressure (GBHP) — [capsular hydrostatic pressure (CHP) +
blood colloid osmotic pressure (BCOP)] = 10 mm Hg

That is:

NFP = GBHP — [CHP + BCOP] = 10 mm Hg
Or:

NFP =55 —[15 + 30] = 10 mm Hg



As you can see, there is a low net pressure across the filtration membrane. Intuitively, you should
realize that minor changes in osmolality of the blood or changes in capillary blood pressure result
in major changes in the amount of filtrate formed at any given point in time. The kidney is able to
cope with a wide range of blood pressures. In large part, this is due to the auto regulatory nature
of smooth muscle. When you stretch it, it contracts. Thus, when blood pressure goes up, smooth
muscle in the afferent capillaries contracts to limit any increase in blood flow and filtration rate.
When blood pressure drops, the same capillaries relax to maintain blood flow and filtration rate.
The net result is a relatively steady flow of blood into the glomerulus and a relatively steady
filtration rate in spite of significant systemic blood pressure changes. Mean arterial blood pressure
is calculated by adding 1/3 of the difference between the systolic and diastolic pressures to the
diastolic pressure. Therefore, if the blood pressure is 110/80, the difference between systolic and
diastolic pressure is 30. One third of this is 10, and when you add this to the diastolic pressure of
80, you arrive at a calculated mean arterial pressure of 90 mm Hg. Therefore, if you use mean
arterial pressure for the GBHP in the formula for calculating NFP, you can determine that as long
as mean arterial pressure is above approximately 60 mm Hg, the pressure will be adequate to
maintain glomerular filtration. Blood pressures below this level will impair renal function and
cause systemic disorders that are severe enough to threaten survival. This condition is called shock.

Determination of the GFR is one of the tools used to assess the kidney’s excretory function. This
is more than just an academic exercise. Since many drugs are excreted in the urine, a decline in
renal function can lead to toxic accumulations. Additionally, administration of appropriate drug
dosages for those drugs primarily excreted by the kidney requires an accurate assessment of GFR.
GFR can be estimated closely by intravenous administration of inulin. Inulin is a plant
polysaccharide that is neither reabsorbed nor secreted by the kidney. Its appearance in the urine is
directly proportional to the rate at which it is filtered by the renal corpuscle. However, since
measuring inulin clearance is cumbersome in the clinical setting, most often, the GFR is estimated
by measuring naturally occurring creatinine, a protein-derived molecule produced by muscle
metabolism that is not reabsorbed and only slightly secreted by the nephron.

What Is a Urine Concentration Test?

A urine concentration test determines how well your kidneys are functioning. The test may be used
to test your kidneys’ response to:

-Too much fluid intake (water loading)

-Too little fluid intake (dehydration)

-A hormone that should concentrate your urine, antidiuretic hormone (ADH)
You may take the test several times under different circumstances.

The test itself is painless and all you have to do is provide a clean-catch urine sample. However,
the preparation phase may be uncomfortable.



What is the Purpose of a Urine Concentration Test?

Your doctor may recommend urine concentration testing if you are urinating too much or too little.
The test can help identify specific types of problems with your kidneys.

The main reason this test is ordered is to see if you are suffering from central diabetes insipidus a
disease that causes excessive urination. This form of diabetes can occur when a head injury affects
how your brain releases antidiuretic hormone (ADH). ADH normally increases the amount of
water the kidneys retain. In central diabetes insipidus, your brain does not release enough ADH.

A urine concentration test can also be used to evaluate:
Dehydration

Kidney failure

Heart failure

Other hormone problems

Complications of a urinary tract infection

How Is the Test Performed?

The test is based on a lab analysis of your urine.

Preparing for the Test

Depending on how the lab plans to analyze your urine, before the test you may be asked to:
Drink excess fluids

Avoid fluids for a period of time

Take ADH (which can be taken in either pill form or a nasal spray).
Taking a Clean-Catch Urine Sample

The urine concentration test requires a clean-catch urine sample. The goal of a clean catch is to
avoid contaminating the urine sample with bacteria from your skin. You will be given a moist
towelette and a specimen cup for the collection.

Wash your hands thoroughly with soap and warm water. Open the collection cup. Place the lid on
a clean surface. Be careful not to touch the inside of the cup or the inside of the lid.

Use the moist towelette to clean the area around your urethra. Then begin to urinate into the toilet.
After a few seconds, put the cup in your urine stream. Once you have collected enough urine,
remove the cup. Finish urinating into the toilet. Then carefully recap the cup, being careful not to
touch the inside of the container or lid.

Return the cup as instructed by your doctor. Your urine will be sent to a lab for testing.



Interpreting the Results of Your Urine Concentration Test

The laboratory will test how concentrated your urine is. More concentrated urine means that there
are more solutes and less water in the sample. Solutes are dissolved particles, such as sugars, salts,
and proteins.

Normal values may vary based on the laboratory used. However, typically, your urine is measured
in specific gravity the ratio of the density of your urine to the density of water (1.000). Normal
values tend to be in the range of at and slightly above the density of water (1.000 to 1.030). Your
urine should be more concentrated after being given ADH.

If your urine is very concentrated, your doctor may suspect one or more of the following
conditions:

Dehydration

Diarrhea

Excess sweating

Glycosuria (too much sugar in your urine)
Heart failure

Low urine concentration suggests:

Too much fluid intake

Diabetes insipidus

Kidney failure

Pyelonephritis

Combining multiple test preparations can help your doctor determine if your diabetes insipidus is
due to a head injury and a resulting lack of ADH production, or because your kidneys can’t
properly respond to ADH (this condition is called nephrogenic diabetes insipidus).

Potential Side Effects of Taking the Test

This test is not associated with any adverse side effects. However, refraining from drinking fluids
for the test may make you feel dehydrated. Once the test is completed, ask your doctor if you can
resume drinking fluids. This will rehydrate your body.






