KIDNEY FUNCTION AND URINALYSIS

(Martini p. 981-1001)

Work in groups of 4

Objectives:

· Describe and account for the effect of drinking a large volume of water on urine volume, acidity, specific gravity and chloride concentration

· Describe and account for the effect of drinking a large volume of isotonic sodium chloride on urine volume, acidity, specific gravity and chloride concentration

· Compare both of the above with the effects of drinking nothing

· State the normal values and sources of variation for the following in urine, and cite examples of pathological causes of abnormal values.


colour
protein


turbidity
glucose


odor
ketone bodies


pH
hemoglobin



bilirubin

Before the Lab

· In preparation for the laboratory, you should have a normal breakfast, but avoid eating very salty foods. 

· Do not drink or eat anything in the hour immediately preceding the laboratory.  

· Empty your bladder more than one hour before the laboratory period, i.e., do not empty your bladder in the hour immediately before class.
In Lab

The class will be divided into 4 treatment groups: In the first group, subjects will drinking nothing and monitor the volume and composition of urine. In the second group, subjects will drink 500 ml of water and monitor the volume and composition of urine. Subjects in the third group will drink 500 ml of isotonic saline (0.9%) and monitor the volume and composition of urine. Subjects in the fourth group will drink 500 ml of hypertonic saline and monitor the volume and composition of urine. 

Students will do measurements on their own urine. Each student will collect 5 urine samples at 0, 30, 60, 90 and 120 minutes. Students who have to drink will do so right after having collected their first urine sample. For each of these samples, students will measure the total volume of urine voided, its chloride concentration and its specific gravity or density (as described in Exercise A). All students will perform urinalysis on their first urine sample only (see Exercise B).

SAFETY

· Students handle their own urine

· Female students who are having their menstrual periods abstain to do the experiments

· Students with kidney or heart disease should not drink experimental solutions; they can volunteer to drink nothing.

· At the end of the lab, soak the test tubes, graduated cylinders, and the urinometers in a 10% bleach solution in plastic containers.

I. THE EFFECT OF SALT AND WATER LOADING ON THE VOLUME AND COMPOSITION OF URINE

The volume and composition of urine is adjusted by neural and hormonal mechanisms to maintain constancy of volume and electrolyte concentrations in the body fluids.  Variation in the intake of water and salts, and in their unregulated loss by routes other than in urine (breathing, sweat, feces) is balanced by alteration of the volume and composition of the urine produced.  

In the following exercise you will study:

· The effect of water loading by comparing the effect of drinking nothing with that of drinking 500 ml of water on the volume and composition of urine;

· The effect of salt loading by comparing the effect of drinking 500 ml of water, 500 ml of isotonic saline and 500 ml of hypertonic saline on the volume and the composition of urine.

EXERCISE A

Equipment:

· containers of salts

· drinking cups

· urine collecting cups

· graduated cylinders

· urinometers

· thermometers

· distilled water

· sodium chloride

· test tube

· pipettes

· pipette suction pump

· droppers

· potassium chromate solution

· silver nitrate solution

Work in groups of four.

Immediately after lab introduction, collect a urine sample in the urine collecting cup.  Determine the volume and save part of the sample (60 ml) for analysis of specific gravity and chloride content, following the procedures outlined below.  Save the remainder of this sample for urinalysis (Exercise B).

Right after this first urine sample, one student will ingest 500 ml of water, another one 500 ml of 0.9% NaCl, the third 500 ml of 1.8% NaCl and the fourth drinks nothing.  You should drink all of the fluid within l5 minutes of the first urine sample.

Note: It is much easier to ingest the salt solution if most of the salt is taken in a small portion of the required water (50 ml) and washed down with the remainder of the water. NaCl in pre-weighed portions is provided.
Collect urine at 30 minute intervals for 2 hours, starting 30 minutes after you finish drinking (4 samples). Record the volume and analyze each urine sample according to the procedures outlined below.  In each case determine volume, specific gravity and chloride content.  Record your results and those of the other members of your group in Table 1.

Chloride concentration: When sodium is reabsorbed by the renal tubules it is usually accompanied by chloride (to maintain electrostatic neutrality). Thus the amount of sodium excreted can be approximately determined by estimation of chloride concentration.  To determine chloride concentration, proceed as follows:

· Using a clean Pasteur pipette, carefully measure exactly 10 drops of urine into a test tube.

· Add l drop of 20% potassium chromate.

· Add 2.9% silver nitrate solution, one drop at a time.  Shake the test tube gently but continuously.  Count the

· minimum number of drops required to change the colour of the solution from yellow to brown.  
· The number of drops added = the number of grams of sodium chloride per liter of solution.

· Record your results and those of the other members of your group in Table 1. 

Specific gravity or density is determined with a urinometer.  Fill the urinometer cylinder about 3/4 full with urine and place the urinometer float in it.  Be sure that the float rides free of contact with the sides or bottom of the cylinder.  Read the specific gravity on the scale on the urinometer stem, using the bottom of the meniscus.  Be sure you are reading the scale correctly; see Note (a) below.

Measure the temperature of the urine immediately.  The urinometers are calibrated to read specific gravity at the temperature specified on the stem (usually 60oF = l5oC).  To determine the specific gravity at the temperature of your urine, add 0.00l to the specific gravity reading for each 3oC above the calibration temperature, or subtract 0.00l from the specific gravity reading for each 3oC below the calibration temperature.  

Example: if urine temperature is about 24oC, add 0.003 to each reading before recording (24-15 = 9oC) above calibration temperature; 9/3 = 3; add .001 x 3 = .003 to reading obtained). Record your results and those of the other members of your group in table 1. 

Notes:

(a) Be sure you understand the scale of the urinometer float.  The top line is l.000 ‑ the specific gravity of pure water.  Each division of the scale is equivalent to 0.00l.  The division line marked immediately below the figure 'l0' is thus l.0l0.

To check your technique, determine the specific gravities of distilled water and 0.9% NaC1, and correct for temperature.  You should obtain the following values:

distilled water: 
1.000

0.9% NaCl:
1.007

(b) If the urine specimen is too small to fill the urinometer (less than 40 ml), it may be diluted with distilled water as follows.  

Measure the urine volume as accurately as possible (to the nearest ml) and add an exactly equal volume(s) of distilled water.  

Put the diluted urine in the urinometer and measure its specific gravity.  The specific gravity of the undiluted urine is determined by multiplying the decimal portion only of the measured value by the dilution factor.  

For example, if diluted urine has a specific gravity of 1.012 and the dilution factor was 2 then specific gravity of undiluted urine will be 1.024. 

Record the value for undiluted urine.  Be sure to apply temperature correction BEFORE dilution correction.
(c) Specific gravity is the ratio between the weight of a given volume of a solution and the weight of the same volume of water.  Thus the higher the specific gravity of urine, the more dissolved solids (urea, sodium, chloride, etc.) it contains.  A rough approximation of the total dissolved substances in urine may be obtained by multiplying the final two figures of the specific gravity reading by 2.66 (Long's coefficient).  This gives a rough estimate of the number of grams of solids per liter of urine.  For example, if specific gravity is 1.022, it contains about 2.66 x 22 = 58.5 grams of solids per liter.

(d) The normal specific gravity of a 24‑hour specimen of urine is about l.020 (range l.0l6 to l.025).  Individual urine specimens vary widely from as low as l.001 (after ingesting large amounts of fluid) to as high as l.040 (e.g. when perspiring heavily).  If you obtain readings outside the normal range, recheck urinometer readings and correction for temperature.

II. URINALYSIS

This section should be completed while Part I of the exercise is in progress. Urinalysis is a valuable tool for the diagnosis and management not only of kidney disease but also of malfunction of other body systems, as the nature and composition of the urine reflects many metabolic processes in the body.  

Urine flow and composition is subject to wide diurnal variation, and is dependent on fluid intake, diet, exercise, emotional phenomena and other normal variables.  Clinical assessment is therefore often based on analysis of a 24-hour sample.  

In this exercise we will examine urine from the control sample collected prior to Part I of this exercise.  Considerable individual variation is to be anticipated.

EXERCISE B

Equipment:

· first urine sample (from Exercise A)

· Albustix

· Diastix

· Hemastix

· Ictotest

· Ketostix

· pH strips

Volume:

The 24-hour volume is not recorded in this exercise, and the volume of a single sample has no clinical significance.  In average 1.41 liters of urine are excreted per day (0.6-2.5 liters/day).

Appearance

Normal urine varies from light yellow through straw colour to amber.  The colour 
intensity is dependent on concentration, and varies with colour imparted by food items (e.g. beets) in the diet as well as by normal metabolites produced by the body.  Freshly voided urine is normally clear, but turbidity may result for a variety of reasons, especially after the urine has been standing for some time.  Record the colour and turbidity below.

pH 

Normal values of individual samples range from 4.5 to 8.0, but the pooled 24-hour sample is usually slightly acid -about pH 6.0.  This varies with diet -the urine of vegetarians is usually less acid.

Specific Gravity (recorded in Exercise A)

Normal range for the pooled 24-hour sample is 1.016 to 1.025.  Individual samples may vary between 1.002 (after ingesting large amounts of fluid) and 1.040 (when perspiring heavily).  

What is the significance of the specific gravity of urine?



Odor

Normal urine has a distinctive aromatic odor.  Urine, that has been allowed to stand for some time, smells of ammonia due to the conversion of urea to ammonia.  Different odors are noted after the ingestion of certain foods, e.g. asparagus, or in disease conditions. For example, urine from individuals with ketosis has the odor of acetone. Record the odor of your urine sample.

  

Protein

Normal urine contains very little protein (less than 250 mg/day).  Transient proteinuria may be observed following heavy exercise, after a high protein meal or, particularly in children and young adults, on standing erect (postural proteinuria).  In 30 -35% of cases, pregnancy is accompanied by proteinuria.

Use Albustix strips to test for protein in the urine sample. Read the instruction notice which come with the kit. Record your result in Table 2.

Glucose and Other Reducing Substances

Glucose and other reducing sugars (galactose, lactose, fructose) are normally not present in urine.  Although these substances are filtered in the renal corpuscle, all are normally totally reabsorbed in the proximal tubule. Use Diastix strip to test for glucose in the urine sample. Read the instruction notice which come with the kit. Record your result in Table 2.

Ketones

Ketone bodies are normally absent from urine, but may be found following anesthesia, exposure to cold or severe exercise or with carbohydrate-restricted diets, as well as in a variety of pathological conditions such as diabetes mellitus or starvation.  

Ketone bodies are intermediate products in triglyceride (fat) metabolism and include acetoacetic acid, beta-hydroxybutyric acid and acetone.  Normally all of these that are produced are used in aerobic respiration, but when fat metabolism is excessively stimulated the concentration of ketone bodies in the blood exceeds the rate at which they can be utilized, and they appear in the urine. 

Use Ketostix strip to test for ketones in the urine sample. Read the instruction notice which come with the kit. Record your result in Table 2.

Occult Blood

Blood is not a normal constituent of urine.  The test is sensitive to hemoglobin (and myoglobin) which may be free in urine, as a result of red cell lysis, or present in intact red cells.  A positive test is an indication for examination of the urine for red blood cells. The test is more sensitive to free hemoglobin than to intact red cells. 

Bilirubin

· Conjugated bilirubin is not a normal urinary constituent.  It appears in the urine as a result of biliary obstruction. 

· Use Ictotest Kit to test for blood in the urine sample. Read the instruction notice which come with the kit. Record your result in Table 2.  

CLEANUP

· Soak the graduated cylinders, urinometers, and urine collecting cups in a 10% bleach solution in plastic containers.

· Discard the drinking cups in regular garbage.

· Wash the test tubes with detergent, rinse very well with tap water and place them upside-down in tube rack for the next group.

· Wipe your tray with a 10% bleach solution.

Table 1 a,b,c,d. Effect of salt loading on the volume and composition of urine (personal data).

Fill this table with results obtained by your group. Hand in this table with your lab report.

NOTE: 

i) Calculate urine flow rate for each 30-minute time period in ml/min:

Urine flow rate = volume collected for each 30 minute time period (ml) divided by 30 min. 

For the first sample, assume that urine was collected over a period of one hour.

ii) Total urine flow rate (ml/min) = (sum of the volume in ml of all urine samples except the 1st one) divided by  120 min.

iii) Total chloride concentration (g/l) = (Total chloride content of all urine samples except the 1st one in g x 1000) divided by the total volume in ml)
Name of the student:                                                                                           

	PRIVATE 
a) DRINK

NOTHING
	                    TIME 
	TOTAL (except 1st sample)

	
	0 min
	30 min
	60 min
	90 min
	120 min
	

	Volume (ml)
	
	
	
	
	
	

	Urine flow (ml/min)
	
	
	
	
	
	

	Specific gravity
	
	
	
	
	
	   ------------

	NaCl concentration (g/l)
	
	
	
	
	
	   ------------

	NaCl content in the sample (g)
	
	
	
	
	
	


Name of the student:                                                                                        

	PRIVATE 
b) DRINK

500 ml of WATER
	                    TIME 
	TOTAL (except 1st sample)

	
	0 min
	30 min
	60 min
	90 min
	120 min
	

	Volume (ml)
	
	
	
	
	
	

	Urine flow (ml/min)
	
	
	
	
	
	

	Specific gravity
	
	
	
	
	
	  ------------  

	NaCl concentration (g/l)
	
	
	
	
	
	  ------------

	Chloride content in the sample (g)
	
	
	
	
	
	


Name of the student:                                                                                           

	PRIVATE 
c) DRINK

500 ml of SALINE (0.9%)
	                    TIME 
	TOTAL (except 1st sample)

	
	0 min
	30 min
	60 min
	90 min
	120 min
	

	Volume (ml)
	
	
	
	
	
	

	Urine flow (ml/min)
	
	
	
	
	
	

	Specific gravity
	
	
	
	
	
	  ------------   

	Chloride concentration (g/l)
	
	
	
	
	
	  ------------

	Chloride content in the sample (g)
	
	
	
	
	
	


Name of the student:                                                                                        

	d) DRINK

500 ml of SALINE (1.8%)
	                    TIME 
	TOTAL (except 1st sample)

	
	0 min
	30 min
	60 min
	90 min
	120 min
	

	Volume (ml)
	
	
	
	
	
	

	Urine flow (ml/min)
	
	
	
	
	
	

	Specific gravity
	
	
	
	
	
	   ------------ 

	Chloride concentration (g/l)
	
	
	
	
	
	   ------------

	Chloride content in the sample (g)
	
	
	
	
	
	


Table 2. Urinalysis.

Fill this table with your own results. Hand in this table with your lab report

	PRIVATE 
Substance tested
	Test used
	Results

	Protein
	
	

	Glucose
	
	

	Ketones
	
	

	Blood
	
	

	Bilirubin
	
	


NAME & section #:                                                                            

Biology 153 LAB REPORT

EXERCISE 8: KIDNEY FUNCTION AND URINALYSIS.

Do not copy word for word from text.

INTRODUCTION. 

State the purpose of this exercise.

MATERIALS AND METHODS 

See the lab manual. 

RESULTS. 

Use separate pages.

I. EFFECT OF SALT AND WATER LOADING ON THE VOLUME AND COMPOSITION OF URINE
Include in Your Lab Report:

The results found by your group: Table 1 a,b,c,d. Effect of salt loading on the volume      and composition of urine (personal data)

A: Effect of Water Loading 

1. Compare the effect of drinking nothing with that of drinking 500 ml of water, on the volume and composition of urine)
2. Generate 4 different line-plot graphs:

3. Time should be on the horizontal axis of all 4 graphs. 

4. On the Y-axis you should have urine flow rate, or specific gravity, or chloride concentration, or chloride content depending on the graph that you are making.

5. Below each graph, describe (not explain!!!!!) in  3 lines the differences that you observe between these two groups.

B: Effect Of Salt Loading 

1. Compare the effect of drinking 500 ml of water, 500 ml of isotonic saline and 500 ml of hypertonic saline on the volume and composition of urine excreted throughout the experiment.

2. Generate 4 different line-plot graphs following instructions from A. 

II: URINALYSIS

Include Table 2: Urinalysis with your lab report.

DISCUSSION. 

Answer in the spaces provided below. Do not use extra pages.

I. EFFECT OF SALT AND WATER  LOADING ON THE VOLUME AND COMPOSITION OF URINE.

A. Effect of water loading on the volume and composition of urine excreted throughout the experiment.

(Account for the differences observed between students drinking nothing and students drinking 500 ml of water. Compare the stresses imposed on the body and the responses of the kidney in each case, bearing in mind the homeostatic mechanisms involved.)

B. EFFECT OF SALT LOADING ON THE VOLUME AND COMPOSITION OF URINE EXCRETED THROUGHOUT THE EXPERIMENT.

(Account for the differences observed among students drinking 500 ml of water, 500 ml of isotonic saline and 500 ml of hypertonic saline. Compare the stresses imposed on the body and the responses of the kidney in each case, bearing in mind the homeostatic mechanisms involved.)

II: URINALYSIS

Are the results observed in your section typical of healthy subjects?                                   
What are the pathological or non-pathological causes that could give positive results to these tests? (give only one example per test)










