Urinalysis Lab
Introduction: Medical tests are often required to assess a patient’s state of health. Although many

sophisticated, expensive, highly technological tests have recently become available and popular, the

most common and useful tests are still ones that are simple, inexpensive, and non-invasive. These

include patient history, temperature, heart rate, blood pressure, and analysis of blood and urine. In this experiment you will perform a simple urinalysis. After testing several urine samples and using your understanding of normal kidney function, your group will analyze the test results to diagnose the "patient’s" conditions. 

Background: It is the job of the kidney to regulate the volume and composition of body fluids. Body fluids include the extracellular fluid (ECF, the blood plasma) and the intracellular fluid (ICF, inside body cells). Regulating these fluids requires that the kidney conserves (keeps) or eliminates (discards) materials in just the right amounts to balance intakes and non-renal losses to maintain body fluid homeostasis. The mechanism of kidney function is a 2-step process. First, the blood is filtered through the glomerulus, forming glomerular filtrate. Second, the filtered fluid is conditioned in the tubule through reabsorption of some chemicals and secretion of others. The final product is urine, a solution that normally contains water, salt, urea and other substances the body needs to eliminate. The kidney responds to body demands and conditions by changing how much of each material is conserved and how much eliminated, so the volume and composition of urine are quite variable, while the volume and composition of the ECF remains constant. The problem in maintaining constancy in body fluids is that changes caused by eating, drinking, body demands, and activity are very irregular and unpredictable. Even so, the chemical composition of the blood and other body fluids must remain very constant for the body to function normally. The kidneys have the major responsibility for maintaining body fluid homeostasis no matter what the individual eats, drinks, or does. The solution to the problem is to rapidly turn over the body fluids by glomerular filtration and tubular reabsorption, continually filtering and monitoring the plasma for changes that require correction. The adult kidney filters 170 liters of blood plasma per day. An average adult has a plasma volume of about 3.5 liters, meaning that the kidney completely filters the plasma about 48 times per day, or twice per hour! Obviously, all of the material filtered by the kidney cannot be excreted, so the second step in normal kidney function is to selectively recover the parts of the filtrate that are necessary and useful to the body. During the process of selective reabsorption, some substances (like glucose) are completely recovered from the urine and other substances (like urea) remain to be eliminated.
The composition of normal urine is highly variable because our diet and level of activity are highly variable. However, abnormal urine may contain substances that are never present in normal urine. Sometimes the presence of a substance may indicate a great excess in the body, so that the kidney can’t reabsorb it all. If the kidney is diseased, substances that should not be the urine may be present.  Depending on what and how much of various substances are present, a physician may be able to determine what’s wrong with a patient. Urinalysis tests for the presence or absence of different substances, so that a physician can analyze the results to find out what’s wrong with the patient.

Prelab Questions: 
1. Why does the volume and color of urine produced by the kidneys vary so much?

2. Why does urine always contain urea?

3. Why are glucose and amino acids reabsorbed in the nephron?

4. Why can’t the kidney just excrete the filtered plasma without adjusting its content?

Materials:
urine samples



Benedict’s solution

Biuret solution



hydrometer

pH paper



microscope
Procedure:

1. According to the instructions provided by your teacher, obtain samples of urine to be tested.

2. For each sample you analyze, record your observations and additional patient history information on the chart provided below.

3. Record the results of the test for each sample.

Color/smell Test:

· Color of urine is due to pigments in the diet or is derived from metabolism.  Concentrated urine will have darker color and stronger smell.  Pale, dilute urine may be the result of drinking large volumes of water, but it may also indicate diabetes.  Dark concentrated urine may be the result of dehydration or of fever.  Normal urine is transparent.  Old samples of urine may be cloudy due to the presence of bacteria growing in the sample.  Fresh cloudy urine sample may be due to a urinary tract infection or may indicate the presence of blood cells, pus or fat.  A smoky-red to reddish-brown color indicates the presence of red blood cells in the urine. The artificial urine we are using will not produce the smell; therefore, it will not be able to be tested.
Glucose Test:

· Obtain 1mL of the urine sample and add 1 mL of Benedict’s Solution.  Place test tube in a hot water bath for 2 minutes.  Blue = no sugar present;    white = sugar present 

· Sugar can be present in the urine after eating a meal rich in carbohydrates or during periods of stress; however, a consistent finding of sugar in the urine may indicate diabetes.

Protein Test: 

· Obtain 3 mL of the urine sample and add 10 drops of Biuret Solution.   Blue/green = no protein present; lavender = protein present

· Protein in the urine can indicate an abnormal condition known as proteinuria.  This glomerular disease causes the filtration barrier to become leaky to protein.  High blood pressure is the most significant and rapidly increasing cause of chronic renal failure.
Ketone Test:
· Can not test in this lab.  Can be noticed by a fruity odor and by a ketone test.  Characteristic of starvation, various metabolic disorders, and diabetes.

[image: image1.emf]Specific Gravity Test:
· Fill cylinder, leaving about 1 inch from the top. 

· Place the hydrometer in the urine sample and spin it slowly.  Be sure that the hydrometer does not touch the side of the cylinder. 

· When the hydrometer stops spinning, note the point at which the meniscus of the urine intersects the scale and read the specific gravity indicated on the scale at that point.  All the numbers on the scale represent a specific gravity of 1.000 or higher.  Only the last two digits of the reading may be seen at some points on the scale.  For example, if the meniscus intersects the line indicated as 23, the specific gravity should be recorded as 1.023. 

· Rinse the hydrometer with distilled water and dry it after each use.  Failure to wash and dry the hydrometer before using it again can cause an error in the next specific gravity measurement. 
Sediment & Crystals:
· If a visible sediment is present, put a drop of the urine sediment on a slide, cover it with a cover slip, and observe it under the microscope. Look for crystals, blood cells, or other sediment.  White blood cells suggest infection, crystals may indicate a risk for kidney stone formation.

pH Test: 
· Use pH paper to test for pH of the urine sample.

· Normal urine may range in pH from 5 to 9. Below 7, the urine is acidic; above 7 it’s basic. Diet affects pH.  A large component of meat in the diet tends to decrease pH, while a large component of plant-based material in the diet tends to increase pH.
Nitrite Test:

· This test will not be done either. 

· Normally no nitrite is found in the urine.  Bacterial infections of the urinary tract release nitrites, so this would signify and infection.
Record all of your findings in the Data Chart.
	Sample
	Volume

L/day
	Color
	Specific gravity
	pH
	Glucose

Y or N
	Protein

Y of N
	Ketone
	Nitrite
	Blood

Y or N
	Crystals

Y or N

	A
	1.8
	
	
	
	
	
	N
	Y
	
	

	B
	3.1
	
	
	
	
	
	Y
	N
	
	

	C
	0.05
	
	
	
	
	
	N
	N
	
	

	D
	2.1
	
	
	
	
	
	N
	N
	
	

	E
	1.1
	
	
	
	
	
	N
	N
	
	


[image: image2.emf]Patient A: 25 y/o male complains of feeling he needs to go. all the time but typical only produces a small volume of urine (<50ml). The patient experiences a mild degree of discomfort on urination. There is presently no external evidence of urethral discharge. Microscopic examination of urine

sediment revealed small to moderate number of red and white blood cells.

List the abnormal findings:
What is the likely problem & what evidence was most important to diagnose the problem?
Patient B: A 28 y/o male, overweight. Chief complaints: thirst, frequent urination and lethargy. Urine volume is very high at 3.8 l/24hours.  
List the abnormal findings.
Why is the patient’s urine volume so high?
Why is the patient thirsty?
What is your diagnosis? What other tests might you perform to confirm the diagnosis?
Patient C: An 18 y/o healthy female presents for a routine physical examination. Patient has great

difficulty producing a very small volume of urine despite not having urinated since early morning.

During discussion with physician it is revealed that she has had only 2 cups of coffee and a donut to

eat all day.

List the abnormal findings.
Why does the body form concentrated urine?
Where in the kidney does urine concentration occur?
Is this kidney performing properly? What suggestions might you have for this patient?
Why is an extended water fast a bad idea?
Patient D: A 17 y/o female with joint pain, and an unusual rash. Microscopic examination of the urine sediment was unremarkable.

List the abnormal findings.
How does the kidney normally handle proteins?
What is your diagnosis?
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Patient E: 38 y/o male vegetarian. Complains of mild irritation during urination. Urine volume 1.1 liters/24 hours. Microscopic examination of urine revealed many small pyramid shaped crystals in every high power field. 
List the abnormal findings.
What did you see in the sediment from this sample?
How does diet affect urine?
Have you ever tried drinking 12 large glasses of water in a day? 
Why would drinking water be helpful to this individual?
Teacher notes:  This lab was adapted from a larger lab found at the website:  http://cibt.bio.cornell.edu/labs/dl/IURI.PDF  Check the site out for further teacher notes.  Awesome activity!
Stock solutions I was able to use:

A. Infection: dark urine, specific gravity of 1.010, pH 6, cloudy

B. Diabetic: dark color, specific gravity of 1.025, pH 6, sugar present

C. Dehydrated: very dark color, specific gravity of 1.030, pH 6

D. Proteinura: pale color, specific gravity 1.010, pH 6-7, protein
E. Kidney stones: pale color, specific gravity 1.030, pH 8, (used slide picture of crystals)

1.  Start with 2000mL of water add creamer, yellow food color, and coffee until urine colored. add salt until specific gravity is 1.010 on a urinometer.  Put some of this solution into beakers labeled A and D.  
2. Add salt to remaining stock solution until the specific gravity is 1.025, pour into Beaker B.  Then add fructose until it tests positive for sugar.
3. To remaining stock solution all salt until a specific gravity of 1.030 is reached. Pour into beakers labeled C and E.

4. Darken A, B, and E beakers with coffee, a make C very dark.

5. Add Biuret powder to beaker D until it test positive for protein using Biuret reagent.

6. Add more creamer to beaker A to make cloudy as in an infection.
