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To

The Medical Students





Preface

This book Practical Clinical Biochemistry is an endeavor to correlate Biochem-
istry with clinical cases and bridge the gap between basic science and clinical 
medicine. In an era of automation, manual tests have retained their distinct 
entity by virtue of being cost-effective and easy to perform procedures, thereby 
giving crucial information about a particular disorder. The undergraduates 
shall perform the tests and know the essence of doing so by understanding the 
principle behind the test and also its relevance in medical science. 

This book has many illustrations going by the adage “a picture is worth a 
thousand words” to make the subject easy to understand and therefore retain 
longer. The summary tables are like the ready reckoner, recapping all the  
important test findings and implications, thereby rendering a student friendly 
approach. 

A note on “point of care testing” (POCT) and “analytical errors” has been 
included to emphasize the role of simple bedside investigations and the  
importance of excluding/rejecting samples liable for giving erroneous results 
respectively. Techniques like Electrophoresis and Chromatography are the 
commonly applied procedures for diagnosis of various common liver and 
renal disorders, paraproteinemias, etc. by the former and detection of ami-
noacidurias by the latter. 

We hope this book will contribute in integrating biochemistry with other 
clinical disciplines. 

Shruti Mohanty 
Aparna Verma 
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Chapter

1
Basic Laboratory 

Principles and 
Safety Measures

Volumetric Equipment

Most clinical chemistry procedures require accurate measurement of volume. 
Volumetric equipment should be used with solutions equilibrated at room 
temperature. For accurate work with pipettes and burettes, they should be rinsed 
out and drained well with some of the liquid to be measured. The filling of pipettes 
with poisonous, corrosive or volatile liquids should be done using a rubber teat.

Pipettes

In general, two main types of pipettes are used. The volumetric or transfer pipette 
is designed to deliver a fixed volume of liquid. They are calibrated to deliver the 
volume specified. The most commonly used sizes are 1, 2, 5, 10, 25 ml.

All these pipettes are calibrated To deliver (TD) a specific volume. To contain (TC) 
pipette are used for volumes smaller than 0.5 ml. The difference between TC and 
TD types of pipettes is that the former must be rinsed out after complete delivery 
in order to wash all the fluid contained in the pipette into the diluent.

The second type of pipette is the graduated or measuring pipette. These are 
of two types—one is calibrated between two marks on the stem (Mohr) and the 
other has graduation marks down to tip (Serological). They are not suitable for 
accurate measurement of volumes less than 2 ml. They are principally used for 
measurement of reagents.

Volumetric Flasks

They are primarily used in preparing solutions of concentrate. They are found 
usually in the following sizes: 5, 25, 50, 100, 250 ml, etc. Volumetric equipment 
should be used with solution equilibrated at room temperature. 

Units and Reference values

System of measurements used in clinical laboratories is the metric system. 
An international system of units was introduced in 1971 called SIU (Systeme 
International‘d’ Unites) which accepts metric system.
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Mole (Molecular weight in grams) is the weight measurement in chemical language. 
Concentrations of solutions and reagents prepared are expressed as:
	 i.	 Percent solution: 1 gram of a solute in 100 ml of solution is 1 percent. 

Expressed as %, g/dl or g/100 ml. 
	 ii.	 Molar solution: 1 mole (gram molecular weight) of solute in 1000 ml of 

solution is equivalent to 1 molar solution expressed in different ways as I M, 
1 mol/L or 1 mole/L.

Biochemical tests results are expressed as:
	 i.	 For metabolites like glucose, urea, etc. mg/dl or mmol/L.
	 ii.	 Electrolytes (sodium, potassium) as mmol/L or mEq/L.
	iii.	 Enzymes as Units/L.

One unit of enzyme activity is defined as 1 micromole of substrate utilized or 
1 micromole of product formed in one-minute time at controlled conditions of 
temperature, pH and substrate concentrations.

Enzymes are sometimes expressed in conventional units e.g., Amylase as 
Somogyi units and Phosphatases as King Armstrong units.

Regulations and safety precautions IN CLINICAL 
LABORATORY

Careless handling of apparatus and reagents is a common cause of laboratory 
accidents, resulting in burns or fires. To avoid these, a few basic rules must be 
followed. 
1. Poisonous reagents, concentrated acids and alkalies must never be pipetted by 

mouth. 
2.	 Dispensers or pipette pumps must be used.
3.	 Organic solvents should not be boiled directly on flame. 
4.	 Reagents must be replaced in proper place after use. Stoppers and pipettes should 

not be mixed, to avoid contamination.
Any personal injury or swallowing of reagents must be promptly reported. For 

burns, affected part must be put in cold water and then apply petroleum jelly, olive 
oil or burn ointments and cover with dry gauze. Students must wear laboratory 
overalls for the practical class. They should maintain discipline and follow 
instructions carefully. Cleanliness is essential in all biochemical work. Glassware 
and reagents must be properly handled. Any breakage of glassware must be reported.

Students must bring an observation note book to record data. They are required 
to maintain a laboratory record note book in which experiment has to be recorded 
and signed by the teacher concerned every following week.

Collection and handling of specimens

While ordering for a particular investigation, the doctor must fill in the form legibly 
giving relevant clinical information. After drawing blood of the patient from a 
suitable vein with as little stasis as possible the correct container should be used 
to transport it to the laboratory for analysis. 
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COLLECTION OF BLOOD

In case of analysis of constituents in whole blood or plasma, the container usually 
contains an anticoagulant. Potassium oxalate at a conc. of about 1 to 2 mg/ml of 
blood is most widely used. Other anticoagulants are EDTA, heparin. But in the 
case of blood glucose estimation, in addition to oxalate, sodium fluoride at a conc. 
of 2 mg/ml of blood is employed. This inhibits glycolysis which otherwise would 
continue in the RBCs. For blood urea estimation fluoride should not be used.

In case the analysis has to be performed on a specimen of serum, the blood is 
transferred to a clean dry tube after the needle has been removed. The blood is 
allowed to clot for at least 10–15 minutes at room temperature. After clotting, the 
tube is centrifuged and the supernatant serum removed.

Hemolysis should be avoided as it interferes with chemical procedure; 
erythrocytes contain very different concentration of many substances from plasma 
(e.g. potassium). If hemolysis occurs, these substances leak out and false results 
will be obtained on plasma. Plasma or serum from hemolyzed blood is red and 
can be detected.

Collection of Urine

An accurately timed 24 hrs collection is essential. A preservative to prevent bacterial 
and fungal growth as well as one depending on the substance being estimated are 
added to the container.

After collecting the specimen in the proper container, correct labeling is essential. 
In case of true emergency, the laboratory should be appropriately informed. Hence, 
the need for proper preservation and quick handling of specimen.

Summary Chart for  the Collection and Dispatch 
of Specimen for Biochemical Tests

Tests Specimen collection Stability
Alanine 
Aminotransferase 
(SGPT)

3–5 ml clotted blood in dry 
glass container. Hemolysis 
interferes with test.

Stability in whole blood at RT for 
3 hrs and at 2–8oC up to 36 hrs.

Albumin 2 ml clotted blood. Hemolysis 
interferes with test.

Stable in whole blood at RT up to 8 
hrs in serum at 2–8oC up to 4 days

Alkaline 
Phosphatase

3–5 ml clotted blood. 
Hemolysis Interferes with 
test.

Stable in whole blood up to 12 
hrs and in serum at 2–8oC up to 
48 hrs.

Acid 
Phosphatase

3–5 ml clotted blood. 
Hemolyzed blood must not 
be used.

Poor stability in whole blood. 
Serum must be separated as early 
as possible. Assay within 1 hr or 
store frozen

Amylase 3–5 ml clotted blood. Good stability in whole blood. 
Stable in serum at 2–8oC for 3 
days

Contd...
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Tests Specimen collection Stability
Aspartate 
Aminotransferase 
(SGOT)

3–5 ml clotted blood. 
Hemolysis interferes with test.

As for alkaline phosphatase.

Bilirubin (Total) 3–5 ml clotted blood. 
Hemolysis interferes with test. 
Infants: 1–2 ml anticoagulated 
blood. (Lithium-heparin or 
EDTA).

Protect from light, stable in whole 
blood for 3 hrs and in serum or 
plasma at 2–8oC up to 12 hrs.

Calcium 1–2 ml clotted blood. Collect 
avoiding venous stasis. Patient 
must not be on EDTA  therapy.

Stable in whole blood for 3 hrs and 
in serum at 2–8oC up to 72 hrs.

Cholesterol 3–5 ml clotted blood. Fasting  
sample must be collected.

Stable in whole blood up to 12 hrs 
and in serum at 2–8oC up to 72 hrs

Carbon dioxide 
(Bicarbonate), 
Blood pH, PCO2

5 ml anticoagulated blood 
(lithium heparin) Avoid 
introducing air bubbles into 
sample.

Very poor stability. Plasma Must 
be separated and analyzed as 
soon as possible.

Creatinine 2–3 ml clotted blood. 
Hemolysis interferes with test.

Stable in whole blood up to 12 hrs. 
In serum at 2–8oC up to 24 hrs.

Electrolytes 
Sodium, 
Potassium 
Chloride

2–3 ml clotted blood or anti 
coagulated blood (Lithium-
heparin). Hemolyzed blood 
not to be used. Do not collect 
blood from an arm receiving 
IV infusion.

Stable in whole blood at RT up 
to 1 hr. Do not refrigerate sample  
before removing serum.

Glucose 2 ml anticoagulated (Fluoride - 
Oxalate) blood fasting,
post-prandial or random.
Do not collect blood
from an arm receiving IV 
infusion.

Stable in whole blood at RT up to 
1 hour. Do not refrigerate sample 
before removing serum. Stable 
in serum/plasma at 2–8oC up to 
24 hrs.

Inorganic 
Phosphorus

3–5 ml clotted blood hemolyzed 
blood must not be used.

Stable in whole blood at RT
up to 3 hrs. In serum at 2–8oC
up to 5 days.

Protein (Total) 3 ml clotted blood. Avoid 
venous stasis. Hemolysis 
interferes with test.

Stable in whole blood at RT up 
to 8 hrs. In serum at 2–8oC up 
to 4 days.

Uric acid 5 ml clotted blood. Protect from day light stable in 
whole blood up to 12 hrs and in 
serum at 2–8oC for 72 hrs.

Urea 1–2 ml clotted blood. Plasma 
from EDTA or fluoride/oxalate 
blood can also be used.

Stable in whole blood up to 12 hrs. 
and in serum at
2–8oC for 48 hrs.

Abbreviation:
RT: Room Temperature

Contd...



Chapter

2 Qualitative Analysis

CARBOHYDRATES

INTRODUCTION

Carbohydrates are compounds containing C, H and O. General formula for 
carbohydrate is (CH2O)n. All have C=O or CHO as functional group. Carbohydrates 
are defined as polyhydroxy aldehyde or ketone or substances which give these on 
hydrolysis.
They are classified as–
1.	 Monosaccharides (Glucose and Fructose),
2.	 Disaccharides (Lactose, Maltose and Sucrose), and
3.	 Polysaccharides (Starch, Glycogen)

Fig. 2.1: Functions of carbohydrates.
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Carbohydrates are widely distributed in plants and animals; they have important 
structural and metabolic roles. Glucose is the major metabolic fuel of mammals 
(except ruminants) and a universal fuel of the fetus. It is the precursor for synthesis 
of all the other carbohydrates in the body, including glycogen for storage; ribose 
and deoxyribose in nucleic acids; and galactose in lactose of milk, in glycolipids, 
and in combination with protein in glycoproteins and proteoglycans. Diseases 
associated with carbohydrate metabolism includes diabetes mellitus, galactosemia, 
glycogen storage diseases, and lactose intolerance.

Properties of Monosaccharides

Monosaccharides the basic compound of this series have a single carbon chain 
with a free aldehyde or keto group and a number of hydroxyl groups. Glucose an 
aldohexose and fructose a ketohexose are most common monosaccharides. Fructose 
is also called as “levulose” as it is levorotatory. 
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Glucose and Fructose

1. Molisch’s Test

Reagent

1.	 Molisch’s reagent (alpha-naphthol in 95% ethanol)
2.	 Concentrated sulfuric acid.
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Principle: This reaction is a general test for all carbohydrates. Carbohydrates 
when treated with concentrated H2SO4 undergo dehydration to give furfural 
derivatives. These compounds condense with a-naphthol to form reddish violet 
colored products. 

The oligosaccharides and polysaccharides are first hydrolyzed to the constituent 
monosaccharides which are then dehydrated. Pentoses yield furfurals and hexoses 
yield 5-hydroxymethylfurfurals.

Formation of Furfural Derivatives

Procedure: To 2 ml of carbohydrate solution, add 2 drops of 1% alcoholic alpha-
naphthol solution and mix. To this, add 2 ml of concentrated sulfuric acid along 
the side of the test tube to form a separate layer. A purple ring is formed at the 
junction of two layers.

The test is said to be positive only if a purple violet ring is formed at the junction.
Note: This test is also given by aldehydes and by formic, lactic, oxalic, citric acids 
and certain other organic acids.

2. Benedict’s Test

Benedict’s test is a sensitive test for all reducing sugars.

Principle:- Reducing sugars under alkaline conditions tautomerize and form 
enediols which are powerful reducing agents. They reduce the cupric ions of 
Benedict’s reagent to red cuprous oxide. The cupric hydroxide formed during the 
reaction is kept in solution by metal chelators like citrate (or tartarate in Fehling’s 
solution).
Benedict’s qualitative reagent contains:
1.	 Copper sulfate: Furnishes cupric ions (Cu++) in solution.
2.	 Sodium carbonate: Provides alkaline medium.
3.	 Sodium citrate: Prevents the precipitation of cupric ions as cupric hydroxide by 

forming a loosely bound cupric-sodium citrate complex which on dissociation 
gives a continuous supply of cupric ions. 

Benedict’s test is a semiquantitative test.
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Procedure: Take 5 ml of Benedict’s qualitative reagent and boil for one minute in 
a test tube. No change in color or precipitation occurs. Now add 0.5 ml (8 drops) 
of carbohydrate solution and boil again for two minutes. Marked reduction is seen 
as yellow or red precipitate.

This test is employed as a routine test for examination of urine for sugar. 
Reducing sugar is found in urine of Diabetes mellitus, fructosuria, pentosuria and 
lactosuria. 
(Refer Benedict’s test under pathological urine)

Benedict’s test- Principle
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Color of the precipitate Approximate concentration of 
sugar in urine (gm %)

Green (+) 0.1–0.5%

Yellow (+ +) 0.5–1.0%

Orange (+ + +) 1.0–2.0%

Red (+ + + +) Above 2%

3. Fehling’s Test

This is another reduction test to detect the presence of reducing sugars. Fehling’s 
reagent differs from Benedict’s reagent in that Fehling’s reagent contains sodium 
potassium tartrate (Rochelle’s salt) in place of sodium citrate.

Reagents:
Fehling’s Solution Consists of:
Fehling’s solution A: - Contains copper sulfate solution. 
Fehling’s solution B: - Contains potassium hydroxide and sodium potassium tartrate. 
Prepare fresh by mixing equal volumes of Fehling’s solutions A and B.

Principle: Carbohydrates with free aldehyde or ketone groups reduce copper sulfate 
to cuprous oxide forming yellow or brownish red colored precipitate.

Sodium potassium tartrate prevents precipitation of cupric hydroxide by forming 
a complex with the cupric ions. These complexes dissociate to provide a continuous 
supply of cupric ions for oxidation.

Procedure: Add 1 ml of each Fehling’s solution A and B and boil. Now add 2 ml 
of sugar solution and boil again just for one minute. Note the marked reduction as 
indicated by red or yellow precipitate.
Note: Benedict’s test is more sensitive than Fehling’s test as uric acid, creatinine 
and other compounds do not interfere in this test.

4. Barfoed’s Test

Barfoed’s test differentiates between reducing monosaccharides and 
disaccharides. This is a reduction test in acidic medium.
Reagents: 1. Copper acetate 
			   2. Glacial acetic acid.

Principle: This test differs from other 2 reduction tests as this test is carried 
out in mild acidic medium which will be answered only by strong reducing 
carbohydrates—monosaccharides. In mild acidic condition, sugars form enediols, 
which can reduce Cu+2 ions to Cu+ ions which up on heating form Cu2O.

Procedure: To 3 ml of Barfoed’s reagent, add 2 ml of carbohydrate solution and 
boil for one minute only. Test tube is allowed to cool under tap water. There is 
reduction and formation of red scum at the bottom and the sides of test tube,
Note: If heating is prolonged, disaccharides may be hydrolyzed by the acid and 
the resulting monosaccharides will give the test positive.
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5. Reduction of Methylene Blue

Methylene blue is used as an internal indicator in Lane and Eynon’s volumetric 
method for determining reducing sugars.

Principle: Carbohydrates containing free aldehyde or ketone groups can reduce 
methylene blue to leucomethylene blue with the disappearance of the blue color.

The dye methylene blue exists in two forms. The oxidized form is colored blue, 
while the reduced form is colorless (Leuco – methylene blue). The color may re 
appear if solution is allowed to cool with shaking. This is due to re-oxidation by 
atmospheric oxygen.

Procedure: To 2 ml water, add one drop of 1% methylene blue and 5 drops of 
5% sodium hydroxide and boil. The solution remains blue. Now add three drops 
of carbohydrate solution and boil again. The color disappears due to reduction.

6. Foulger’s Test

Foulger’s Reagent: Urea, Stannous Chloride, 40% H 2SO4

Principle: This is a specific test for ketohexoses. Conc. H2SO4 dehydrates 
ketohexoses to form furfural derivatives which condense with urea in the presence 
of stannous chloride to give a deep blue color.

Procedure: To 3 ml of Foulger’s reagent, add 0.5 ml of carbohydrate solution. 
Boil it vigorously for one minute and allow it to cool. A colorless solution is seen 
in case of glucose. Fructose gives a deep blue color solution.
Note: Prolonged heating converts aldoses to ketoses which yield deep blue color 
(false positive).

7. Seliwanoff’s Test

Principle: This is also a specific test for ketohexoses. Concentrated HCl dehydrates 
ketohexoses to form furfural derivatives which condense with resorcinol to give 
cherry red color solution.

Procedure: To 3 ml of Seliwanoff’s reagent, add 0.5 ml of carbohydrate solution. 
Boil for one minute and cool. A pink or red color develops for ketohexoses.
Note: Prolonged heating converts aldoses to ketoses which yield cherry red color 
(false positive).

8. Rapid Furfural Test

Principle: Ketohexoses are rapidly converted to hydroxymethyl-furfural by HCl 
and form purple colored complex with 1% alcoholic alpha naphthol. This is a test 
for ketohexoses.

Procedure: To 2 ml of glucose solution, add 2 drops of 1% alcoholic alpha-naphthol 
and 3 ml concentrated HCl, boil on the flame and cool. There is no color in case of 
glucose solution, however prolonged boiling will reduce the sugar.
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In case of fructose a deep purple color is produced from the moment the 
solution starts boiling. The appearance of the purple color is of importance in the 
identification of fructose from glucose.

9. Bial’s Test (Tollen’s Orcinol Test)

Specific test for pentoses such a Ribose, Xylose
Bial’s reagent: 
Dilute solution of orcinol in 30% HCl

Principle: Conc. HCl acts on pentoses to form furfurals. This condenses with 
orcinol to give green color compounds.
Procedure: To 5 ml of Bial’s reagent in a test tube 0.5 ml of carbohydrate solution 
is added and mixed. Solution is heated until it begins to boil. Green color solution 
is observed.

10. Osazone Test

Reducing sugars form characteristic crystals on reacting with phenylhydrazine in 
acidic medium.

Principle: Phenylhydrazine in acetic acid when boiled with reducing sugars form 
phenylhydrazones followed by the formation of osazones. The first two carbons (C1 
and C2) are involved in this reaction. The sugars that differ in their configuration 
on these two carbon atoms give the same type of osazones, since the difference is 
masked by binding with phenylhydrazine. Thus, glucose, fructose and mannose 
give the same type of osazones, i.e. needle shaped.

Procedure: Dissolve about 100 mg of phenylhydrazine hydrochloride and 200 
mg of sodium acetate in 1 ml of glacial acetic acid and 5 ml of sugar solution and 
heat in a boiling water bath for 30 minutes. Put off the flame and allow the test 
tubes to cool in the water bath itself. The cooling process should not be hastened 
by removal from water bath or adding cold water to it.
As the solution cools, crystals of glucosazones or fructosazones separate out as a 
rich crop of yellow crystals. Mount a few crystals on slide and cover with a cover 
slip and examine under the microscope. (The cover slip should be placed gently on 
the crystals without applying any pressure, otherwise the crystals will be broken 
and lose the characteristic shape). Glucosazones and Fructosazones both appear 
as needle-shaped crystals.

A
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Figs 2.2 A to C:

Shapes of Osazones Under Microscope

Glucose and Fructose

•	 Both answer Molisch test 
•	 Benedict’s test, Fehling’s test, methylene blue test are positive
•	 Barfoed’s test is also positive
•	 Seliwanoff’s test and Foulger’s test are negative for glucose (aldo-sugar) and 

positive for fructose (keto-sugar)
•	 Both glucosazones and fructosazones are needle-shaped crystals.

B

C
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PROPERTIES OF DISACCHARIDES

Two monosaccharides can combine by a glycosidic linkage to form disaccharides. 
The union can take place by fusion of a free aldehyde or ketone group of one with 
the free aldehyde or ketone group of the other. In the case of sucrose, there is no 
reducing group present in the resulting compound. 
E.g. D-Glucose + Fructose—Sucrose (a1-2 linkage)

For other disaccharides, the union also takes place by fusion of the aldehyde 
or ketone group of one with an alcoholic group of other, so one aldehyde group 
remains free and exhibits reduction test, etc.
E.g.
D-Glucose + D-Glucose—Maltose (a1-4 linkage)
D-Galactose + D-Glucose—Lactose (b1-4 linkage)

The three disaccharides discussed are colorless crystalline compounds, sweetish 
to taste and are important constituents of our daily food. Cane sugar or sucrose is 
used universally. Maltose is present in sprouted seeds. It is also the end product 
of salivary and pancreatic digestion of starchy food. Lactose is the milk sugar.



Practical Clinical Biochemistry Qualitative Analysis

15 PB

Lactose and Maltose

Perform the following tests with 2% maltose and 2% lactose solutions. 
Expt. 1.	 Molisch’s Test
Expt. 2.	 Benedict’s Test
Expt. 4.	 Barfoed’s Test
Expt. 9.	 Osazones Test

•	 Both answer Molisch test positive.
•	 Both give positive Benedict’s test. 
•	 Barfoed’s solution is not reduced by any of these sugars because Barfoed’s 

test is in acidic medium and disaccharides being poor reducing agents cannot 
reduce in acidic medium. 

(Note: The test can be used to differentiate mono and disaccharides. It must, 
however, be remembered that acid present in Barfoed’s reagent on prolonged boiling 
with disaccharides can produce hydrolysis of the disaccharide to its monosaccharide 
units which can reduce the reagent. Hence the boiling period should not be more 
than one minute.)
•	 It is very difficult to get crystals from disaccharides. Unless the instructions 

already given are adhered strictly, the crystals may take quite a long time to 
form even under best conditions. 

Lactosazones are hedgehog shaped or powder puff shaped. Maltosazones are 
sunflower shaped.

Sucrose

Sucrose is the sweetest of the three disaccharides. It is a non-reducing sugar as 
both the functional groups are involved in bond formation.
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Perform the following tests with 1% sucrose:
	 Expt.	 1.  Molisch’s Test
	 Expt.	 2.  Benedict’s Test
	 Expt.	 11.  Acid Hydrolysis of Sucrose
	 (Specific test for sucrose)

Flow Chart for Identification of Unknown Carbohydrate Solution
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Principle: Sucrose on hydrolysis by conc. HCl is converted into glucose and 
fructose (the reducing monosaccharides) which answer the Benedict’s test.

Procedure: To 5 ml of sucrose solution, add 3 drops concentrated HCl and boil 
for 2 minutes. This will hydrolyze cane sugar to its constituent units glucose and 
fructose. Now neutralize the solution with 20% sodium carbonate using litmus 
paper as indicator (this is essential as Benedict’s test requires alkaline medium). 
Boil 1 ml of the neutralized solution with 5 ml Benedict’s solution and note the 
reduction produced.
Expt. 6. Foulger’s Test
Expt. 7. Seliwanoff’s Test

Sucrose Solution

•	 Answers positive Molisch’s test
•	 Negative Benedicts test (non-reducing sugar)
•	 Positive Benedict’s test after acid hydrolysis
•	 Positive Foulger’s and Seliwanoff’s tests.

RELEVANT QUESTIONS–CARBOHYDRATES

	 1.	 Define and classify carbohydrates.
	 2.	 What are the functional groups present in carbohydrates?
	 3.	 What is the general test for all carbohydrates? What is its principle?
	 4.	 What is the composition of Molisch’s reagent?
	 5.	 What is meant by reducing sugar ? Give example.
	 6.	 What are the compositions of Benedict’s reagent? What are the functions of 

each?
	 7.	 What is the red precipitate formed in Benedict’s test called?
	 8.	 What is the difference between glucose and fructose?Which tests will 

differentiate between the two?
	 9.	 Why sucrose is a non-reducing sugar?
	10.	 Name the monosaccharides present in a) Maltose b) Lactose c) Sucrose.
	11.	 What is the other names for sucrose and why is it called so?
	12.	 What are the advantages of Benedict’s test over Fehling’s test ?
	13.	 What are the components of Barfoed’s reagent.
	14.	 Name the test which helps to differentiate reducing monosaccharides from 

reducing disaccharides.
	15.	 What are the differences between Benedict’s and Barfoed’s tests?
	16.	 What are the components of a a) Seliwanoff’s reagent b) Foulger’s reagent?
	17.	 How will you differentiate maltose and lactose?
	18.	 Why does glucose and fructose form the same osazone?
	19.	 What is the confirmatory test for sucrose?
	20.	 Why sucrose cannot form osazones?
	21.	 Why Benedict’s test is preferred to Fehling’s for detecting reducing sugars in 

urine? 
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PROTEINS

INTRODUCTION

Proteins are complex macromolecules made up of amino acids produced by 
all living cells. They have definite size, shape and charge. They are composed 
of 20 amino acids in varying number and sequences. Amino acids contain both 
a carboxylic group (–COOH) and an amino group (–NH2) and a side chain  
(–R Group).The sequence of amino acids determines the characteristics of a 
protein, which is regulated by genetic code. All proteins contain C, H, O and 
N (about 16%); some contain S. The presence of N differentiates proteins from 
carbohydrates and lipids. The proteins perform various functions in the form of 
enzymes, hormones, antibodies, coagulation factors, contractile elements and 
maintenance of osmotic pressure. 

General Reactions of Proteins

Reactions of amino acids and proteins can be studied under two broad headings:
A.	Precipitation Reactions of Proteins
B.	Color Reactions of Proteins 

Fig. 2.3: Functions of proteins
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A.  Precipitation Reactions of Proteins

Solubility of proteins depends on the proportion and distribution of polar 
hydrophilic groups and non-polar hydrophobic groups in molecules.

Proteins form colloidal solutions of the emulsion type. A certain amount of 
water is imbibed by the protein molecule (water of hydration) and is taken up by 
the various free COOH, NH2 and other groups.

The stability of the colloidal solution depends on this water of hydration and on 
the electric charges carried by the molecules. Thus, removal of the water of hydration 
by any dehydrating agents (E.g. Neutral salts and alcohol) will convert the emulsoid 
or lyophilic colloid to a suspensoid (Lyophobic colloid). Addition of electrolytes 
will discharge the protein molecule in suspension and thus precipitate them.

1. Precipitation of Proteins By Heavy Metal

Principle: The protein molecules exist as anions (negatively charged) in alkaline 
medium. The negatively charged protein molecule will combine with the positively 
charged metallic ions like Ag+, Cd+2, Cu+2, Fe+3, Hg+2, Pb+2, Sb+3, and Zn+2 and get 
precipitated.

An advantage of this type of precipitation is that they can precipitate in dilute 
solutions as well. These ions are classified into three groups as follows:
	 i.	 Bind strongly to carboxylic acids and nitrogenous compounds
		  Mn2+, Fe2+, Co2+, Ni2+, Zn2+ 
	 ii.	 Bind to carboxylic acids
		  Ca2+, Ba2+, Mg2+ and Pb2+

	iii.	 Bind strongly to sulfhydryl groups
		  Ag+, Hg+ and Pb2+

12. Mercuric Nitrate Precipitation Test

Procedure: To 3 ml of protein solution, add 5 drops of 5% mercuric nitrate solution. 
Note the white precipitate of mercury proteinate.

Protein precipitation by heavy metals is used for its disinfectant 
properties in external applications. AgNO3 is used to prevent 
gonorrhea infections in the eyes of newborn infants. Silver nitrate 
is also used in the treatment of nose and throat infections, as well 
as to cauterize wounds.

Mercury salts administered as Mercurochrome or Merthiolate react 
with the sulphydryl group and precipitate the proteins thereby 
preventing infections in wounds. 
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13. Zinc Sulfate Precipitation Test

To 3 ml of protein solution, add 2 drops of 2% zinc sulfate solution. A white 
precipitation of zinc proteinate is formed.

This property of precipitation of  proteins by heavy metals is utilized 
for the household treatment of accidental ingestion of heavy 
metals. The protein, egg white or milk acts as an antidote and binds 
with the heavy metals and prevents absorption of heavy metals.

2. PRECIPITATION BY ALKALOID REAGENTS

Principle: Proteins are amphoteric in nature, i.e. they behave as acids in an alkaline 
medium and as bases in an acidic medium. In the presence of alkaloid reagents, 
they act as bases, and react with the acid to form an insoluble salt, e.g. protein 
sulphosalicylate.

14. Precipitation by Esbach’s Reagent
To 2 ml of the protein solution in a test tube, add 2 ml of Esbach’s reagent (1 g of 
picric acid and 1 g of citric acid in 100 ml of water). Note the yellow precipitate 
of protein picrate.

15. Precipitation by Sulphosalicylic Acid

To 2 ml of the protein solution in a test tube, add a drop of 20% sulphosalicylic 
acid solution. Note the white precipitate of protein sulphosalicylate.

3. PRECIPITATION OF PROTEINS BY ORGANIC SOLVENTS

Principle: Addition of organic solvents, such as acetone or alcohol decreases 
dielectric constant of solvent and displaces some water molecules associated with 
the protein and decreases the concentration of water in the solution. These effects 
tend to decrease solubility of protein.

16. Precipitation by Ethanol

To 1 ml of protein solution, add 2 ml ethanol. Mix and let it stand for 5 minutes. 
A white precipitate is formed.

A 70% alcohol solution is used as a disinfectant on the skin. This 
concentration of alcohol is able to penetrate the bacterial cell wall 
and denature the proteins and enzymes inside the cell.
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4. PRECIPITATION BY NEUTRAL SALTS

Principle: The colloidal protein has electric charge and the shell of hydration to 
keep it stable in solution. Both these factors are removed by adding neutral salts 
like ammonium sulfate. The abundance of the salt ions decreases the solvating 
power of the salt ions, thereby decreasing the solubility of the proteins and results 
in precipitation.

At low concentrations of salt, solubility of the proteins usually increases slightly 
(salting in). But at high concentrations of salt, the solubility of the proteins drop 
sharply (salting out). 

Depending on the surface area of the protein molecule, quantity of salt required 
will vary. Smaller molecules like albumin have relatively large surface area thus 
require full saturation for precipitation.

Casein and gelatin have smaller surface area and get precipitated by half 
saturation. Peptones are very small molecules, thus have very large surface area 
and do not get precipitated even with full saturation.

17. Half Saturation Test 

Procedure: To 3 ml of given solution, add equal quantity of saturated ammonium 
sulfate solution. Mix thoroughly. Keep for 5 minutes. Note the precipitation. Filter 
the solution.

Test a portion of the filtrate for protein by doing biuret test using 2 volumes of 
40% NaOH as above. It is positive. The filtrate contains albumin, which is soluble 
in half saturated ammonium sulfate solution.
Note:  40% NaOH is added to overcome the interference by ammonium ions which 
can obscure the violet color of protein by forming deep blue cuprammonium ions 
[Cu (NH3)4

++]

18. Full Saturation Test

Principle: Refer half saturation test.
Procedure: To the remaining filtrate add solid ammonium sulfate in excess and 
mix well. Note the formation of precipitate. This consists of albumin, which is 
insoluble in saturated ammonium sulfate solution.

Filter and test the filtrate for protein by biuret reaction (using 2 volumes of 40% 
NaOH). It is negative hence all the proteins in solution are precipitated by full 
saturation with ammonium sulfate.
Note: Substance which disrupts the three dimensional structure in macromolecules 
such as proteins, DNA, or RNA and denatures them are called chaotropic agent. 
They disrupt the inter-molecular interactions mediated by non-covalent forces such 
as hydrogen bonds, van der Waals forces, and hydrophobic effects.

5. PRECIPITATION AT ISOELECTRIC pH

19. Isoelectric Precipitation of Casein

Principle: Fractional precipitation can be achieved by changing the pH of the 
medium. At acidic pH (lower pH) proteins have a net positive charge because the 
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amide gains an extra proton. At alkaline pH (higher pH) they are negatively charged 
because the carboxyl group loses its proton. At their iso-electric pH ( pI ) a protein 
has no net charge. The solubility of the proteins is the minimum at their iso-electric 
pH as the protein molecules become electrically neutral at this pH and is unable to 
interact with the medium and will eventually fall out of the solution. Most proteins 
can be precipitated by heating them at their iso-electric pH. Casein, however, is 
peculiar in that it is precipitated at its iso-electric pH (4.6) even at room temperature.

Procedure: To 5 ml of the solution add a drop of bromocresol green indicator 
(yellow at pH 3.8 and green at pH 5.4). Continue addition of 1% acetic acid and 
mix gently till maximum precipitation is obtained at the iso-electric pH of casein.

6. PRECIPITATION BY MINERAL ACIDS

20. Heller’s Test
Principle: Proteins are denatured by nitric acid with the formation of a white 
precipitate at the junction of the two layers (This differs from the nitration reaction 
in “xanthoproteic acid test”).
Procedure: Take 2 ml of conc. Nitric acid in a test tube. Incline the tube and add, 
by using a pipette, equal volume of the protein solution so that the latter forms a 
layer on the surface of the acid.

A white ring appears at or immediately below the junction of the two fluids. 
The precipitate does not dissolve on gentle warming.

Denaturation is a process whereby the secondary, tertiary and quaternary structures 
of proteins are lost, retaining its primary structure. Denaturation may be brought 
about both by physical factors, such as high temperature (above 60°C), or chemical 
compounds, like: acids, bases, ions of heavy metals, urea, detergents, or some 
organic solvents. Denaturation changes some physical and chemical properties of 
proteins, e.g. it alters the solubility of some proteins or increases the susceptibility of 
some proteins to the action of proteolytic enzymes.  In most cases the denaturation 
is an irreversible process. If the action of denaturing agent was mild and for a short 
time the denaturation may be reversed. Such a process is named renaturation. 
Renaturated protein regains its natural structure and properties.
   Some  proteins form lyophilic colloid solutions. The stability of colloids depends 
mainly on electric charge of protein molecules, their hydration and temperature of 
protein solution. Proteins tend to lose the lyophilic character at isoelectric point  under 
the action of denaturing agent and precipitates from the solution. Such a process is 
named coagulation. Coagulation is an irreversible process.
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B. Color Reactions of Proteins

The functional groups in amino acids and proteins can react with compounds to 
produce characteristically colored products. The intensity of the color formed by 
a particular group varies among proteins in proportion to the number of reacting 
functional or free groups present and their accessibility to the reacting reagents.

21. Biuret Reaction

Principle: Cupric ions in an alkaline medium form a violet colored complex with 
peptide bond nitrogen of peptides and Proteins.

This is a test for peptide linkages. Since all proteins contain peptide linkages, 
they respond to this test. The violet color is due to the formation of copper co-
ordination complex between cupric hydroxide and peptide bond.

The tests may also be given by substances containing (– CSNH2), (– C(NH)
NH2), and (– CH2NH2) groups.

Biuret, which is obtained by heating urea at 180°C, also gives a positive test as it 
contains CONH – linkages. In fact, the name of the test is based on this. Minimum 
requirement for a positive test is the presence of two peptide bonds.

2CO(NH2)2 → H2N–CO–NH–CO–NH2 + NH3

Procedure: To 2 ml of protein solution add an equal volume of 5% NaOH and a drop 
or two of 1% copper sulfate solution and mix. A violet or purple color is observed.
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Note: (i) Peptone gives a pink color, and may require the addition of a larger amount 
of copper sulfate solution than usual. (ii) Gelatin may give a very faint color and, 
therefore, a control may be run to avoid confusion.

22. Ninhydrin Test

Principle: Ninhydrin reacts with a-amino groups of proteins and free amino acids 
to give a blue or purple colored complex. This is one of the most sensitive tests 
for amino acids answered by all proteins, peptones, peptides, amino acid and 
ammonia.

a-Amino acid + Ninhydrin  Aldehyde + Hydrindantin CO2 + NH3 
Hydrindantin + NH3 + Ninhydrin  Blue complex

Procedure: To 1 ml of protein solution, add 2 drops of 0.2% ninhydrin solution and 
boil for 2 minutes. A blue color indicates the presence of proteins in the solution. 
This test is given by all solutions which contain at least one free amino group and 
one carboxyl group. Hence, this test is also given by amino acids in addition to 
proteins and their derivatives.
Note: Amino acid Proline which has an imino group will produce an orange color 
instead of the purple-blue color.

23. Xanthoproteic Reaction

Principle: On heating with conc. HNO3, proteins containing aromatic amino acids 
form yellow color due to the nitration of the benzene ring. The nitro compound is 
freely ionized in alkaline medium and thus intensifies the color to orange by adding 
strong alkali; Tyrosine and Tryptophan are responsible for this color reaction. 
Nitration of phenylalanine under these conditions normally does not take place.

Procedure: Add 1 ml of concentrated HNO3 to 2 ml of solution and boil. Cool 
the solution and then add 2 ml of 40% NaOH solution till it becomes alkaline. 
The solution which was acidic with nitric acid turns orange when it becomes 
alkaline. 
Note: Nitric acid will turn the skin yellow due to the reaction with phenyl groups 
in the skin. This is not a toxic reaction but the yellow color doesn’t disappear until 
the skin cells are replaced.

24. Millon’s Test: (Modified By Cole)

Principle: Proteins undergo mercuration and nitration in strong acidic medium to 
form red colored mercury phenolate.

The test is given by the Tyrosine amino acid which has OH in the benzene 
ring.
Note: This test is also given by free phenols and phenolic substances such as 
salicylic acid.
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Excess of chloride interferes by leading to the formation of unionized mercuric 
chloride. If so, add more of mercuric sulfate.

Procedure: To 2 ml of protein solution, add 2 ml of acid mercuric sulfate solution 
(10% mercuric sulfate in 10% sulfuric acid ). The protein gives yellow precipitate 
of mercury protein complex which adheres to the sides of the test tube. Boil the 
solution for 1 minute and cool under tap. Then add 5 drops of 1% sodium nitrite 
and warm gently. The precipitate or solution turns into red color.

25. Aldehyde Test
(Hopkins-Cole-Adamkiewicz Reaction) 

Principle: The indole ring of tryptophan combines with aldehydes, e.g 
formaldehyde in the presence of conc. Sulfuric acid to form a violet colored 
compound. Gelatin gives a negative test as it does not contain tryptophan.

Procedure: To 1 ml of protein solution, add 1 drop of 1 in 500 commercial formalin, 
(40% formaldehyde). Add 1 drop of 10% mercuric sulfate in 10% H2SO4 and mix 
thoroughly. Then add 1 ml concentrated sulfuric acid along the side of the test tube. 
It forms a separate layer and a deep violet or purple ring forms at the junction of 
the two layers. 

26. Pauly’s Test
(Test for Histidine in the Absence of Tryptophan)

Principle: Diazotized sulphanilic acid reacts with the imidazole group of Histidine 
in alkaline medium to form cherry red complex.

Procedure: To 5 ml of solution, add 1ml of 1% sulphanilic acid in 10% HCl, 
followed by 1 ml of 5% sodium nitrite solution. Mix and allow to stand for 3 minutes. 
Make alkaline with 3 ml of 10% (Na2CO3) solution, add 5 ml ethanol. Mix and cool 
under tap water. A permanent red color indicates the presence of histidine.
Note: Tryptophan gives similar color.

27. Sakaguchi’s Test

Principle: In an alkaline medium, a-naphthol combines with the guanidine 
group of arginine to form a complex which is oxidized by sodium hypobromite 
to produce a red color.

Procedure: To 2 ml of solution, add 2 drops of 40% NaOH and 2 drops of 1% 
alpha naphthol in alcohol. Add 10 drops of bromine water. Mix the solution well. 
Note the carmine red color of the solution. The test is specific for arginine. 

The reagent always gives certain amoumt of color. A control is indispensable. 
Ammonia interferes with the test by reacting with sodium hypobromite in large 
amounts.
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28. Lead Sulfide Test (Sulfur Test)

Principle: On boiling with NaOH, the sulfur present in the sulfur containing 
amino acids (Cysteine, Cystine) of protein is liberated as sodium sulfide. This 
reacts with lead acetate to form a brown or black precipitate of lead sulfide.

Procedure: Take 2 ml of solution and add 2 ml of 40% NaOH. Boil the solution 
for 1 minute and cool. Add 2 drops of 2% lead acetate solution. A brown or black 
color appears due to the formation of lead sulfide. 

This test is not given by methionine because it has a strong thioether linkage 
and sulfur is not converted to sulfide.

REACTIONS OF ALBUMINS AND GLOBULINS 

Introduction

Albumins and globulins are the proteins found in plasma, milk and egg white. They 
are simple proteins, soluble in water and dilute salt solutions. 

They are coagulated by heating and are precipitated on full saturation and half 
saturation respectively. They are complete proteins having all the essential amino 
acids.
Expt. No. 21. Biuret test

29. Heat Coagulation Test

Principle: When a protein is heated, its physical, chemical and biological properties 
are changed due to breaking up of certain bonds and the resultant change in the 
conformation of its molecules. This process is known as denaturation. 

However, when the coagulable proteins such as albumin and globulin are 
heated at their isoelectric pH, a series of changes occur involving dissociation of the 
protein subunits (disruption of quaternary structure), uncoiling of the polypeptide 
chains (disruption of tertiary and secondary structure) and matting together of the 
uncoiled polypeptide chains (coagulation). 

While a denatured protein may be restored to its original structure and function 
by certain manipulations, coagulation is an irreversible process.

Procedure: Fill two-thirds of the test tube with protein solution and add one or 2 
drops of chlorophenol red indicator, (shows yellow color at pH 4.8 and below; red 
at 6.4 and above). A solution giving a light pink color with this indicator indicates 
a pH of 5.4. Adjust the pH to 5.4 by adding a drop or two of 1% acetic acid or 1% 
sodium carbonate as the case may be. Heat the top layers of the solution and note 
the appearance of dense coagulum, the lower half acts as a control.

Medical supplies and instruments are sterilized by heating to 
denature  proteins in bacteria and thus destroy the bacteria
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TABLE 2.1: Methods of protein denaturation 

Denaturing action Mechanism of operation
Heat Hydrogen bonds are broken by increased translational 

and vibrational energy (Coagulation of egg white 
albumin on frying)

Ultraviolet radiation Similar to heat (sunburn)
Strong acids or bases Salt formation; disruption of hydrogen bonds (skin 

blisters and burns, protein precipitation)
Urea solution Competition for hydrogen bonds (precipitation of soluble 

proteins)
Some organic solvents 
(e.g. ethanol and acetone)

Change in dielectric constant and hydration of ionic 
groups (disinfectant action and precipitation of protein)

Agitation Shearing of hydrogen bonds (beating egg white albumin 
into a meringue)

17. Half Saturation Test

Principle: Proteins, which are colloidal in nature, are kept in solution by two factors:
1.	 Electric charges: A large number of electric charges are present on the surface 

of protein molecules. The similarly charged particles repel each other and this 
prevents their coalescence.

2.	 Shell of hydration: Each molecule is surrounded by a film of water known 
as the shell of hydration. The shell of hydration also prevents coalescence of 
particles.
If both these factors are removed, the particles coalesce, and are precipitated. This 

can be done by adding a neutral salt such as ammonium sulfate which neutralizes 
the electric charges, and removes the shell of hydration as it has got greater affinity 
for water than the colloid. 

The amount of ammonium sulfate required to precipitate a colloid depends upon 
the surface area of the particles. The larger the surface area, the greater the number 
of electric charges and the larger the shell of hydration.

Thus small molecules, e.g. albumin, having a relatively larger surface area are 
precipitated only by full saturation with ammonium sulfate.

The larger molecules, e.g. globulin , casein and gelatin, have a smaller surface 
area and are, therefore, precipitated both by half saturation and full saturation 
with ammonium sulfate.

Peptone, which has got very small molecules is not precipitated even by full 
saturation with ammonium sulfate.

The process of precipitation is called as “salting out”.

Procedure: To 3 ml of given solution, add equal quantity of saturated ammonium 
sulfate solution. Mix thoroughly. Keep for 5 minutes. Note the precipitation. Filter 
the solution.

Test a portion of the filtrate for protein by doing biuret test using 2 volumes of 
40% NaOH as above. It is positive. The filtrate contains albumin, which is soluble 
in half saturated ammonium sulfate solution.
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Note: 40% NaOH is added to overcome the interference by ammonium ions which 
can obscure the violet color of protein by forming deep blue cuprammonium ions 
[Cu (NH3)4

++].

18. Full Saturation Test

Principle: Refer Half Saturation Test

Procedure: To the remaining filtrate, add solid ammonium sulfate in excess and 
mix well. Note the formation of precipitate. This consists of albumin, which is 
insoluble in saturated ammonium sulfate solution.

Filter and test the filtrate for protein by he biuret reaction (using 2 volumes of 
40% NaOH). It is negative hence all the proteins in solution are precipitated by 
full saturation with ammonium sulfate.
Expt. no. 24.  Millons test
Expt. no. 25.  Aldehyde test
Expt. no. 28.  Sulfur test and Lead sulfide test
Expt. no. 1.    Molisch’s test

Albumins and Globulins observation: 
•	 Biuret test – Positive as both are proteins.
•	 Heat coagulation test – Positive for both Albumin and Globulin as both are 

coagulable proteins.
•	 Half saturation test –Positive for Globulin (biuret is also positive as albumins 

are in the filtrate), since they have smaller surface area they get precipitated.
•	 Full saturation test –Positive for Albumin (Biuret is negative) as they have 

larger surface area and get precipitated.
•	 Millon’s test, Aldehyde test and Sulfur test – Positive as Albumin and Globulin 

are complete proteins.
•	 Molisch test – Positive as Albumin and Globulin are glycoproteins

�
Demulcents like egg albumin, starch or milk act as physical or 
mechanical antidote and prevent the action of poison. Egg albumin 
also precipitates alkaloids and  metal poisons like mercury,  arsenic 
and other heavy metals.

REACTIONs OF GELATIN 
Introduction

Gelatin is a derived protein formed from the collagen, connective tissue protein, by 
boiling with water. Conversion involves hydrolysis of some of the covalent bonds 
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of collagen. This is the major reason for cooking meat, since it is the collagen of 
connective tissue that makes meat tough. 

While collagen is insoluble in water and resistant to animal digestive enzymes, 
gelatin is easily digestible and soluble. If the solution is concentrated it sets into a 
gel on cooling hence the name gelatin. This property of gelatin is used in preparation 
of ice creams and jelly. It is also used in pharmaceutical industry for preparation 
of capsules. 

Collagen is very rich in glycine, alanine, proline and hydroxyproline and is 
low in nearly all the other amino acids. It is deficient in tryptophan, cysteine 
and Cystine. Gelatin is precipitated by half saturation as it has a high molecular 
weight.

Gelatin can be heated in water to carry out all the tests. Nutritionally, it is a 
poor quality protein.
Expt no. 21. Biuret test
Expt no. 29. Heat coagulation test
Expt no. 17. Half saturation test followed by biuret test

To 2 ml of Gelatin solution, add 2 ml of saturated Ammonium sulfate solution 
(This becomes ½ saturation with Ammonium sulfate). Mix thoroughly, wait for 5 
minutes. Filter it. Perform the Biuret test with the filtrate. This Biuret test should 
be performed by using 40% NaOH, double the volume of the filtrate.

The test is negative indicating that gelatin is completely precipitated by ½ 
saturation with Ammonium Sulfate.
Expt no. 24. Millon’s test
Expt no. 25. Aldehyde test
Expt no. 28. Lead sulfide test

Gelatin observation:
•	 Biuret test – Positive as Gelatin is a protein.
•	 Heat coagulation test – Negative, gelatin is a non-heat coagulable protein.
•	 Half saturation test – Positive (Biuret is negative), Gelatin has smaller surface 

area.
•	 Millon’s test – Faintly positive, contains very little tyrosine.
•	 Aldehyde test and sulfur test – Negative, tryptophan and sulfur containing 

amino acids – Cysteine and cystine are deficient.

REACTIONS OF PEPTONES 

Introduction

Peptones, classified as derived proteins are the partial degradation (hydrolytic) 
products of proteins. They are relatively low molecular weight compounds. 

They are not heat coagulable and are not precipitated even by full saturation 
with ammonium sulfate. They are often used in the preparation of culture media 
for growing microorganisms.
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Expt no. 21. Biuret test: Peptone gives a pink color, and may require the addition 
of a larger amount of copper sulfate solution than usual.
Expt. no. 29. Heat coagulation test
Expt. no. 17. Half saturation test followed by Biuret test.
Expt. no. 18. Full saturation test followed by Biuret test.
Expt. no. 28. Lead sulfide test.

30. Precipitation by Phosphotungstic Acid 

Principle: Proteins are amphoteric in nature, i.e. they behave as acids in an alkaline 
medium and as bases in an acidic medium. In the presence of alkaloidal reagents 
like, sulphosalicylic acid and phosphotungstic acid, they act as bases, and react with 
the acid to form an insoluble salt, e.g. protein sulphosalicylate, phosphotungstic 
acid, etc.

Procedure: To 2 ml of peptone solution, add 0.5 ml of phosphotungstic acid. A 
white precipitate is observed.

Filter the above solution. Perform Biuret test with the filtrate. The biuret will 
be negative due to precipitation of peptones. 
Expt. No. 24. Millon’s test
Expt. No. 25. Aldehyde test
Expt. No. 28. Lead sulfide test

Peptones observation:
•	 Biuret test–Positive, as peptone is a protein.
•	 Heat coagulation test–Negative, as peptone is a non-heat coagulable protein.
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•	 Half saturation and full saturation tests–negative as Peptones are very small 
particles having very large surface area.

•	 Phosphotungtic acid test–Peptones are precipitated by general protein 
precipitants.

•	 Millon’s and Aldehyde test are positive–Peptones contain tyrosine and 
Tryptophan.

•	 Sulfur test–Negative or faintly positive, peptones are deficient in cysteine and 
cystine.

REACTIONS OF CASEIN 

Introduction 

Casein is the major milk protein present as calcium caseinate. It is a conjugated 
protein (phosphoprotein) with phosphate group attached to hydroxyl group of 
serine and threonine residues.The pH of casein is 6.6 and its isoelectric point 
is 4.6. 

This is a non-coagulable protein and is soluble in dilute alkaline and acidic 
solution. This is precipitated by half saturation with NH4SO4.

This protein lacks in sulfur containing amino acids. Casein can be tested for the 
presence of R groups (except, sulfur containing groups), phosphorus and calcium. 
Casein is deficient in glycine, serine and cysteine.

Casein is hydrolyzed by pepsin and chymotrypsin into paracasein.
Expt. No. 21. Biuret test
Expt. No. 29. Heat coagulation test
Expt. No. 17. Half saturation test
Expt. No. 19. Isoelectric precipitation of casein.
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Principle: The solubility of the proteins is minimum at their isoelectric pH 
as the protein molecules become electrically neutral at this pH. Most proteins 
can be precipitated by heating them at their isoelectric pH. Casein, however, 
is peculiar in that it is precipitated at its isoelectric pH (4.6) even at room 
temperature.

Procedure: To 5 ml of the solution, add a drop of bromocresol green indicator 
(yellow at pH 3.8 and green at pH 5.4). Continue addition of 1% acetic acid till 
maximum precipitation is obtained.
Note: Maximum precipitate occurs at green color and the pH at which the green 
color appears is the iso-electric pH for casein, pH 4.7. 

31. Test for Inorganic Phosphorus

Principle: The organic phosphate present in phosphoprotein casein is converted to 
inorganic phosphate on boiling with strong NaOH solution. Inorganic phosphate 
reacts with ammonium molybdate to form ammonium phosphomolybdate which 
is canary yellow in color.

Procedure: To 3 ml of casein solution, add 0.5 ml of 40% NaOH solution. Heat 
strongly and cool under tap water. Add 0.5 ml of conc. HNO3 and filter. To the 
filtrate, add a pinch of solid ammonium molybdate and warm gently. Note the 
canary yellow color of precipitate.
Expt. No. 24. Millon’s test
Expt. No. 25. Aldehyde test
Expt. No. 28. Lead sulfide test

Casein observation:
•	 Biuret test–Positive, as Casein is a protein
•	 Heat coagulation test–Negative, Casein is a non-heat coagulable protein.
•	 Half saturation test–Positive (biuret negative), casein are larger molecules 

having smaller surface area.
•	 Isoelectric pH precipitation–Positive, casein is precipitated at pI, i.e. pH 4.6.
•	 Test for inorganic phosphorus–Positive, casein is a phosphoprotein.
•	 Millon’s and Aldehyde tests–Positive, both tyrosine and tryptophan are present 

in casein.
•	 Sulfur test –Negative, cysteine and cystine are absent in casein.
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Flow chart for Identification of Unknown Protein solution
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RELEVANT QUESTIONS–PROTEINS

	 1.	 What are the various protein precipitation methods?
	 2.	 Name the heavy metals which are used to precipitate proteins.
	 3.	 Name the alkaloidal reagents which are used to precipitate proteins.
	 4.	 What is the clinical application of precipitation of proteins by alkaloidal 

reagents? 
	 5.	 What is the clinical application of precipitation of proteins by heavy metal?
	 6.	 What is denaturation? Name few denaturing agents.
	 7.	 What is the difference between denaturation and coagulation?
	 8.	 What is the clinical application of heat coagulation test?
	 9.	 What is isoelectric pH? What is the isoelectric pH of casein?
	10.	 Which is the general color reaction for all proteins?
	11.	 What is the principle of Biuret test?
	12.	 What is the practical clinical utility of Biuret test?
	13.	 What is the general test for all amino acids? What is its application?
	14.	 Is gelatin of high nutritive value? Why? 
	15.	 Which amino acid gives positive Hopkins – Cole test?
	16.	 Name the amino acid with indole ring. Name the test to identify the amino 

acid.
	17.	 Why methionine does not answer sulfur test?
	18.	 Which color reactions are not answered by (a) casein, (b) gelatin and why?
	19.	 Which protein is not precipitated even by full saturation and why? 
	20.	 Why does egg albumin answer Molish’s test?
	21. 	Will phosphotungstic acid precipitate albumins, globulins and casein from 

solutions? Why?
	22.	 Why only the top layers of the protein solution is heated in heat coagulation 

test?
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URINE ANALYSIS: WHEN AND WHY

URINE ANALYSIS: NORMAL CONSTITUENTS OF URINE

The clinical laboratory urine examination can provide a wide variety of useful 
information regarding renal and systemic diseases that may affect this organ. Both 
structural and functional disorders of the kidney and lower urinary tract may be 
elucidated as well as the sequential information about the disease, its cause and 
prognosis.

Careful laboratory examination of urine often narrows the clinical differential 
diagnosis of numerous renal diseases. Properly performed and interpreted laboratory 
urine tests remain an essential part of clinical medicine.
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NORMAL CONSTITUENTS OF URINE IN A 24-HOUR 
SAMPLE

Constituents In Gms/24 hrs
Water 1,300 – 1600 ml

Total Nitrogen (Kjeldahl) 10 – 17

Urea 20 – 35

Uric acid 0.1 – 2.0

Creatinine 1.0 – 1.5

Amino acid (free & combined) ~ 1.5

Glucose ~ o.1

Nonglucose reducing substances ~ 1.0

Citric acid ~ 0.3

Ascorbic acid ~ 0.025

Oxalate ~ 0.015

Acetone bodies ~ 0.01

Total sulfur ~ 1.0

Phosphate (as P) 0. 4 – 2.2

Sodium 3 – 6

Potassium 2 – 4

Calcium ~ 0. 2

URINE COLLECTION AND PRESERVATION 

Proper urine collection and preservation is important for timely and valid laboratory 
report.
Types of collection:
1.	 Random specimen.
2.	 Mid stream first morning specimen.
3.	 24-hour collection specimen

1.	 Random specimen: The most commonly obtained sample (though not the 
sample of choice) for biochemical and microscopic analysis. These samples 
can be collected any time on the spot, therefore, readily available and easy 
to obtain.

	   It is commonly used for glucose, ketone bodies, bile and blood pigments, 
etc.

2.	 Mid stream first morning specimen. The specimen of choice for urinalysis 
as it contains concentrated amount of analytes during its overnight collection 
in the bladder. The patient is asked to discard the initial part of the first voided 
urine in the morning and then collect 15 – 20 ml of urine in a clean glass or 
plastic container.
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	   Urine sample should be analyzed immediately or stored in a refrigerator 
if analysis is delayed by one or two days

3.	 24-hour urine collection: 24-hour urine collection is required for estimation 
of urinary creatinine, urea nitrogen, calcium, proteins, glucose, sodium and 
potassium and certain hormones like catecholamines, 17- hydroxysteroids 
etc. excretion per day as these have diurnal variations. 

	   Start collection at 6 AM. Let the patient empty the bladder and discard 
the first sample. From the second sample onwards, collect into the container 
(having preservative) all the samples of urine passed till the next morning  
6 AM sample, which should be the last sample collected.

Preservatives: The commonly used preservatives for 24 hours collection of urine 
are – 50 ml of 2 N HCl or 10 ml of conc. HCl per 24 hours collection; or thymol 
crystals – 5 ml of 100 gms/L solution in isopropanol.
Routine examination of urine is usually conducted under three sections:
a.	 Physical examination
b.	 Chemical examination, and 
c.	 Microscopic examination.

Stability of Analytes in Urine
The chemical changes which may occur in urine specimens stored 
at room temperature include:
•	 Breakdown of urea to ammonia by bacteria, leading to an 
increase in the pH of the urine. This may cause the precipitation 
of calcium and phosphates.
•	 Oxidation of urobilinogen to urobilin.
•	 Destruction of glucose by bacteria.
•	 Precipitation of urate crystals in acidic urine.
These chemical changes can be slowed down by refrigerating the 
urine at 2–8°C or adding preservatives.

Physical Examination

The physical examination of urine is the initial part of routine urinalysis. This 
includes assessment of volume, odor, appearance (color and turbidity) and specific 
gravity. 

1. Volume

Volume of urine is influenced by fluid intake, solutes excreted (sodium, urea, etc.), 
loss of fluid by perspiration and respiration and also cardiovascular and renal status.

Normally an adult excretes between 1000 to 2500 ml urine per day depending 
upon the amount of fluid intake and amount lost through skin, lungs and bowel. 
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Fig. 2.4: Volumetric cylinder for measuring urine volume

Polyuria –Defined as urine volume greater than 2.5 L/day.
Causes:
•	 Diabetes mellitus,
•	 Diabetes insipidus
•	 Later stages of chronic renal failure 
•	 Drugs like diuretics
Oliguria – Defined as urine volume less than 300 ml/day
Causes:
•	 Fever
•	 Acute nephritis
•	 Early stages of chronic glomerulonephritis
•	 Diarrhea
•	 Cardiac failure
Anuria – Defined as no urine output in 24 hours. 
Causes:
•	 Shock
•	 Acute tubular necrosis
•	 Mercury poisoning
•	 Incompatible blood transfusion.

2.  Appearance

•	 Usually freshly voided urine is clear. 
•	 On standing, phosphate/urate/oxalate crystals may form and make the 

appearance turbid. 
•	 Abnormally, urine may appear turbid due to the presence of WBC, RBC or 

bacteria.

3. Odor

Normal urine has slightly ammoniacal odor. Other variations commonly seen are:
Fruity odor – Ketoacidosis due to acetone.
Foul smell – Bacterial infection.
Mousy smell – Phenylketonuria.
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4. Color

Color of urine is determined to a large extent by its degree of concentration. 
Normal urine is pale yellow in color. Other conditions which produce abnormal 

colors are:

Color Metabolite Clinical condition

Red RBC
Hemoglobin

Hematuria
Hemoglobinuria

Red- brown Myoglobin Porphyrin Myoglobinuria
Porphyrinuria 
Menstrual-contamination

Yellow Urochrome Healthy

Yellow-orange Urobilin Dehydration
Jaundice

Yellow-green Bilirubin
Biliverdin

Jaundice

Brown-black Homogentisic acid 
Methemoglobin 
porphyrin

Alkaptonuria

Milky-white Chyle Chyluria

CONDITIONS IMPARTING ABNORMAL Color  TO 
URINE

5. Specific Gravity

Specific gravity is directly proportional to the concentration of solutes excreted. 
Specific gravity measurement serves as a partial assessment of the kidneys to 
concentrate urine.

Specific gravity of normal urine may lie between 1.012 to 1.024 depending upon 
whether urine is dilute (when large volumes are passed) or concentrated.

Fixed specific gravity of 1.010 is suggestive of CRF.

Specific gravity is detected by Urinometer.
High specific gravity:
Conditions:
•	 Restricted water intake, dehydration
•	 Presence of glucose in urine (Diabetes mellitus)
•	 Presence of protein in urine (Proteinuria)
•	 Adrenal insufficiency.
Low specific gravity:
Conditions:
•	 Polyuria (except diabetes mellitus)
•	 High fluid intake
•	 Diabetes insipidus
•	 Hypothermia
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Fig. 2.5: Urinometer

Fixed specific gravity of 1.010: In severe renal diseases (chronic renal failure) 
urine is produced with a fixed specific gravity that is identical to that of the 
glomerular filtrate, approximately 1.010.

In cases of pronounced glucosuria or proteinuria correction factor can be used 
to adjust the specific gravity to a more accurate value:
•	 For every 1 gm/dl of glucose, 0.004 is subtracted.
•	 Similarly for every 1 gm/dl of protein, 0.003 is deducted. 
•	 Temperature correction: Urinometer is graduated at 15oC (60°F) or 20°C 

(66°F). For each 3°C difference, 0.001 must be added if above or subtracted if 
below the calibration temperature. 

6. Reaction
Freshly voided urine is usually acidic to litmus but may be neutral or faintly 
alkaline. On standing it may become alkaline due to the formation of ammonia 
from bacterial decomposition. In healthy individuals, the urine excreted is alkaline 
particularly after meals as there is secretion of HCL in the gastric juice and thereby 
compensates for the rise in blood pH. This phenomenon is called ‘alkaline tide’ 
urine pH may vary from 4.6 to 8.

The pH of urine is also influenced by the diet.
•	 High protein or low carbohydrate diet produces acidic urine
•	 Diet rich in vegetables and fruits produces alkaline urine

pH paper
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Acidic urine:

•	 High protein diet
•	 Starvation
•	 Dehydration and diarrhea
•	 Diabetic ketoacidosis
•	 Metabolic and respiratory acidosis

Alkaline urine:

•	 Vegetable diet
•	 Vomiting
•	 Renal tubular acidosis
•	 Respiratory and metabolic alkalosis
•	 Ammonia producing, urea splitting bacteria
•	 Chronic renal failure
•	 Low carbohydrate diet 

CHEMICAL EXAMINATION

Urine may be investigated either for its normal constituents or for abnormal 
constituents. The normal constituents can be broadly divided into organic and 
inorganic constituents. 

Several enzymes are present in urine; notable amongst them are amylase 
and trypsin. 

It is to be remembered that some of the normal constituents of urine are excreted 
in abnormal (increased or decreased) amount in certain pathological conditions.

ORGANIC CONSTITUENTS OF NORMAL URINE

The chief organic non-protein nitrogenous constituents (NPN) are urea, uric acid, 
creatinine, ammonia and amino acids. 

Urea

Urea is a diamide of carbonic acid represented by the formula CO(NH2)2. Urea is 
soluble in water and alcohol but not in ether or chloroform. 

Urea is the chief end product of protein metabolism and is formed in the liver. 
Urea is nontoxic even when present in relatively large amounts in blood. High blood 
urea levels indicate inadequate excretory function. Urea is a diuretic.

Expt. No. 32. Test for Urea (Urease Test)

Principle: The urease enzyme decomposes urea to ammonia and carbon dioxide 
which together form ammonium carbonate, an alkaline substance, which changes 
the slightly acid reaction (yellow color) to alkaline reaction (pink color). Since 
urease is specific for urea only, positive test indicates the presence of urea.

 CO(NH2)2 + H2O  2NH3 + CO2
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Procedure:-Take 2 ml of urine in one test tube and 2 ml of water in another. To 
each test tube add a drop of phenol red indicator and then add 2% sodium carbonate 
drop by drop to make the reaction in each tube alkaline (noted by appearance of 
pink color). Now add 1% acetic acid to both tubes drop by drop till the pink color 
just disappears (reaction changes to just acidic). Add a pinch of soyabean powder 
or Horse gram (which contains urease enzyme) to both the test tubes. Within a 
few minutes pink color reappears in the tube containing urine but not the other 
containing water.

Expt. No. 33. Hypobromite Test

Principle: Urea is decomposed by sodium hypobromite forming nitrogen gas.

CO(NH2)2 + 3NAOBr + 2NaOH  NaBr+N2 + Na2CO3 +3N2O

Procedure: Take 5 ml of urine in a test tube. Add 1 ml of alkaline sodium 
hypobromite. Mix gently. A marked effervescence occurs due to evolution of 
nitrogen from urea.

Clinical Interpretation

Normal level: 25 – 30 Gm/day
Increased urinary urea:
•	 High protein diet
•	 Hematemesis
•	 Excess tissue breakdown as in high fever and severe wasting diseases.
Decreased urinary urea:
•	 Renal failure
•	 Severe hepatic insufficiency



Practical Clinical Biochemistry Qualitative Analysis

46 PB

•	 Low protein diet
•	 Severe acidosis

Uric Acid

Uric acid (2, 6, 8 trihydroxy purine) is the catabolic product of purines. It is 
synthesized in the liver and excreted through kidney.
  Uric acid crystals are insoluble in alcohol and ether, slightly soluble in boiling 
water and quite soluble in alkalies.
  The alkaline solutions have reducing power on silver and copper salts, 
phosphomolybdates and phosphotungstates.

Expt. No. 34. Test for Uric Acid (Phosphotungstic Acid Reduction Test)

Principle:-Uric acid is a reducing agent in alkaline conditions. It reduces 
phosphotungstic acid to tungsten blue in presence of sodium carbonate.

Procedure:-To 2 ml of urine add few drops of phosphotungstic acid reagent and 
a few drops of 20% sodium carbonate and mix. A deep blue color is produced due 
to the reduction of phosphotungstic acid by uric acid to tungsten blue.

Clinical Interpretation

Normal levels: 250 – 750 mgs/Day
Increased urinary uric acid:
•	 High purine diet (meat, legumes)
•	 Attacks of gout
•	 Leukemia
•	 Administration of cortisone or ACTH
Decreased urinary u�ric acid:
•	 Chronic renal failure.

Creatinine

Creatine is a normal constituent of muscle, where it is present as creatine phosphate. 
Under physiological conditions of temperature and pH, creatine undergoes 
spontaneous dehydration associated with ring closure to form creatinine.

Creatinine is normally excreted in urine. Normally, the daily output of creatinine 
is remarkably constant in an individual and depends on the muscle mass and shows 
little response to dietary change.

Expt. No. 35. Jaffe’s Test (Test for Creatinine)

Principle: Creatinine in alkaline medium reacts with picric acid to form creatinine 
picrate which is reddish orange in color.

Procedure: To 3 ml of saturated picric acid solution, add 0.5 ml of 10% NaOH 
and divide it equally into two test tubes. To one test tube, add equal amount of 
urine and to the other same amount of water.
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The tube containing urine assumes a deeper reddish orange color due to the 
formation of creatinine picrate whereas the control tube, containing water shows 
no change in its color.

Clinical Interpretation

Normal levels: 1–2 gms/day being higher in males than females
Increased urinary creatinine:
•	 Fever
•	 Myasthenia gravis
•	 Muscular atrophy, Myositis
•	 Hyperthyroidism
•	 Starvation

Ammonia

Ammonium ions are a constituent of normal urine and are present as ammonium 
salts. They are produced by the kidney and are not derived from the diet directly. 

There is an increased excretion following the administration of inorganic acids, 
hepatic diseases and as a result of acid poisoning. 

Expt. No. 36. Test for ammonia

Principle: Ammonia is liberated when urine is boiled in alkaline conditions.

Procedure: To 5 ml of urine, add 2% Na2CO3 till the solution is alkaline to litmus. 
Boil the solution. Place a piece of moistened red litmus paper at the mouth of the 
test tube. Note the change in color to blue due to evolution of ammonia.

Clinical Interpretation

Normal levels: 0.4 –1.0 gms/Day
Increased urinary ammonia:
•	 Acidosis
•	 Severe diabetes mellitus
•	 Starvation
•	 Delayed chloroform poisoning.
•	 Hepatic diseases
Decreased urinary ammonia:
•	 Alkalosis
•	 Damaged distal renal tubules as in renal failure
•	 Glomerulonephritis
•	 Addison’s disease.

Inorganic Constituents of Urine

The chlorides, sulfates and phosphates or sodium, potassium, calcium, and 
magnesium are the chief inorganic constituents of urine.
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Sodium and potassium are found to the extent of 5 gm and 3 gm respectively 
in terms of their oxides Na2O and K2O in 24 hours urine.

Magnesium is also excreted in small quantity (0.05 to 0.2 gm per day).

Chlorides

Chlorides form the chief anion of the urine. The amount excreted in urine depends 
upon food and on the quantity of its loss through sweat. About 10 – 12 gm of 
chloride (as NaCl) is excreted daily.

Expt. No. 37. Test for Chloride

Principle: Chloride present in urine is precipitated as silver chloride with silver 
nitrate in the presence of nitric acid.

Procedure: Acidify 2 ml of urine with 2 drops of conc. HNO3 and add to it 1 ml 
of 3% silver nitrate solution. A white precipitate of silver chloride is formed.

Clinical Interpretation

Normal levels: 10 –12 gm/day
Increased urinary chloride excretion:
•	 Addison’s disease
•	 Polyuria of advanced chronic nephritis and diabetes 
Decreased urinary chloride excretion:
•	 Excessive sweating
•	 Diarrhea and vomiting
•	 Diabetes insipidus
•	 Cushing’s syndrome
•	 Extensive burns
•	 Pneumonia

Phosphates

Phosphates exist in urine as salts of sodium, potassium, ammonium, calcium and 
magnesium. In alkaline urine, phosphates crystallize out in characteristic shapes.

Expt. No. 38. Test for Inorganic Phosphorus

Principle: Upon warming with ammonium molybdate in the presence of 
conc. HNO3, inorganic phosphate is precipitated as canary yellow ammonium 
phosphomolybdate.

Procedure: To 5 ml of urine, add a few drops of conc. HNO3 and a pinch of 
ammonium molybdate. Warm it. Note the canary yellow color of precipitate or 
solution.

Clinical Interpretation

Normal levels: 0.8 –1.2 gm/day
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Increased phosphates excretion:
•	 Hyperparathyroidism
•	 Administration of parathyroid hormone
Decreased phosphates excrtion:
•	 Hypoparathyroidism
•	 Rickets
•	 Diarrhea
•	 Acute infections and Nephritis – due to impaired kidney function.
•	 Pregnancy

Calcium

The amount of calcium excreted in urine is low (0.1 to 0.2 gm per day). Its excretion 
in urine increases during disturbed bone metabolism such as hyperparathyroidism. 

Expt. No. 39. Test for Calcium

Principle: With potassium oxalate in acidic conditions calcium is precipitated as 
calcium oxalate.

Procedure: To 2 ml of urine, add 5 drops of 1% acetic acid and 5 ml of 2% 
potassium oxalate. White precipitate of calcium oxalate is formed.

Clinical Interpretation

Normal levels: 0.1 – 0.3 gm/day
Increased urinary calcium:
•	 Hyperparathyroidism
•	 Hyperthyroidism
•	 Hypervitaminosis D
•	 Multiple myeloma

Sulfates

Sulfates of urine come mainly from the oxidation of sulfur containing substances, 
e.g. protein. 

It is present in urine in 3 forms:
a.	 Neutral sulfur (unoxidized) such as cystine, methionine, etc. 
b.	 Oxidized sulfur – as sulfates of sodium, potassium, etc.
c.	 Ethereal sulfate – some compounds are detoxicated by conjugation with sulfate 

group which are known as ethereal sulfates (indoxyl sulfate, skatoxyl sulfate, 
etc). A small amount of sulfur is excreted in this form.

Expt. No. 40. Test for Sulfates

Principle: Sulfate is precipitated as barium sulfate with barium chloride.

Procedure: To about 3 ml of urine, add a few drops of conc. HCl and 1 ml of 
10% barium chloride solution. A white precipitate of barium sulfate is produced. 
Presence of HCl prevents precipitation of phosphates.
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Clinical Interpretation: Inorganic sulfates

Normal level: 0.7 – 1 gm/day
Increased:
•	 High protein diet
Decreased:
•	 Renal dysfunction.

Organic sulfates: 
Normal level: 0.06 – 0.12 gms/day
Increased: 
•	 Cystinuria
•	 Homocystinuria
•	 Cyanide poisoning

Recap of Normal Inorganic Constituents of Urine

Constituents Normal excretion Clinical significance
Sodium 100 – 200 mEq/24 hr Increase: Acute tubular necrosis, adrenal 

insufficiency, diuretic therapy. 
Decrease: Prerenal failure, 
hyperaldosteronism.

Potassium 20 – 100 mEq/24 hr Increase: Renal tubular acidosis, hyperaldos-
teronism, loop diuretic therapy 
Decrease: Renal failure, adrenal insufficiency.

Chloride 100 – 250 mEq/24 hr Increase: Fasting, nephritis. Decrease: 
Addison’s disease, metabolic acidosis.

Calcium 0.1 – 0.3 gm/24 hr Increase: Vitamin D deficiency, hypopar-
athyroidism. 
Decrease: Hypervitaminosis D, Hyperpar-
athyroidism.

Phosphorus 0.3 – 0.6 gm/24 hr Increase: Metabolic acidosis, renal tubular 
defect, Hyperparathyroidism, vitamin D 
deficiency. Decrease: hypoparathyroidism, 
severe diarrhea.

Organic Constituents

Constituents Normal Excretion Clinical significance
Urea 18 – 35 gm/24 hr Increase: High protein diet, fever. 

Decrease: Renal failure.

Creatinine 0.8 – 1.2 gm/24 hr Increase: Muscular dystrophy. 
Decrease: Renal failure.

Uric Acid 0.3 – 0.8 gm/24 hr Increase: High meat diet, high legume diet, 
leukemia, polycythemia, Von Gierke’s dis-
ease 
Decrease: Renal failure.
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Relevant Questions–normal constituents of 
urine

	 1.	 Name the normal constituents of urine.
	 2.	 What is the volume of urine output per day?
	 3.	 What is the normal color of urine?
	 4.	 What is the normal specific gravity of urine?
	 5.	 What is the pH of normal urine?
	 6.	 What is the chief anion of urine?
	 7.	 What is the normal level of calcium excreted in urine per day?
	 8.	 In which diseases calcium will be excreted in large quantities in urine?
	 9.	 What is the normal phosphate level in urine? In which disease the level will 

be increased?
	10.	 How much ammonia is excreted per day?
	11.	 Name the NPN substances present in urine.
	12.	 How much of urea is excreted in urine per day ?
	13.	 What is urea? What is the normal urea level in blood and in 24 hours urine?
	14.	 How and where is urea formed in the body?
	15.	 a. What is uric acid ?
		  b. How much quantity of uric acid is excreted in urine per day?
	16.	 What is creatinine? How is it synthesized?
	17.	 What is the difference between creatine and creatinine?
	18.	 What is normal excretory level of creatinine in urine?
	19.	 What is oliguria, polyuria and anuria?
	20.	 Name the tests to detect urea in urine. Which is better and why?
	21.	 What is the test for determining uric acid in urine?
	22.	 How is uric acid formed in the body?
	23.	 What is the normal value of uric acid in urine and in blood?
	24.	 What are the functions of phosphorus in the body?
	25.	 What is the dietary source of chloride?
	26.	 What are the functions of calcium in the body?
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ABNORMAL CONSTITUENTS OF URINE

Substances which are not present in easily detectable quantities in urine of healthy 
individuals but are known to occur in urine under certain pathological conditions 
are called Abnormal or “Pathological” constituents of urine.

Before proceeding to detect the presence of abnormal constituents, note the 
physical characteristics (color, appearance, sedimentation and specific gravity) 
and chemical reaction with litmus paper.

The abnormal constituents which are routinely looked for in urine are reducing 
sugars, acetone bodies, protein, blood pigments, bile pigments, bile salts and 
urobilinogen.

Reducing SUGARS

Even normal urine contains less than 100 mg of glucose and glucoronides in 24 
hrs urine samples but their amount is too small to cause reduction in Benedict’s test. 

A sample of urine which reduces Benedict’s reagent under the conditions laid 
down for the test may be looked upon as containing reducing sugar unless otherwise 
proved. A positive Benedict’s test does not necessarily indicate the presence of 
glucose in urine. However, positive Benedict’s test is usually taken for glucose, 
unless other conditions are suspected and proved. If mucin is suspected, Benedict’s 
test should be repeated after removing mucin with kaolin. 

If the urine is from a pregnant or nursing woman, presence of lactose may be 
suspected. 

Identification of different reducing sugars (glucose, lactose, galactose, and 
fructose) may be established by performing Seliwanoff’s test, Osazones test, 
Fermentation test or Chromatography.

Expt. No. 41. Benedict’s Reduction Test

Principle: Reducing sugars in urine under hot alkaline conditions tautomerize and 
form enediols which are powerful reducing agents. They reduce the cupric ions of 
Benedict’s reagent to red cuprous oxide. The cupric hydroxide formed during the 
reaction is kept in solution by metal chelators like citrate.

Procedure: To 5 ml of Benedict’s reagent in a test tube, add 0.5 ml (about 8 drops) 
of the urine. Hold the test tube firmly with a test tube holder and boil the contents for 
two minutes over a steady small flame. A turbidity or precipitate of green, yellow 
or red color indicates the presence of reducing substance in the urine (usually 
glucose). The various colors of the precipitate depend upon the concentration of 
sugar in urine and therefore a rough estimate of sugar in urine can be made in the 
following way. This is a semiquantitative test.
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Color Sugar Content (Grams %)
Blue color Nil
Green precipitate 0.1 to 0.5
Yellow precipitate 0.6 to 1.0
Orange precipitate 1 to 1.5
Red precipitate 1.5–2.0

NOTE: Thymol, formaldehyde, Chloroform, Lactic acid, Vitamin C, and Dextrin 
give false positive test with Benedict’s reagent.

Benedict SemiQuantitative Test

 

Acetone Bodies
When glucose metabolism is slow (as in diabetes mellitus) or when carbohydrate is 
not available (as in starvation), fat is excessively catabolized. As a result, acetoacetic 
acid and its derivatives, a hydroxy butyric acid and acetone, accumulate and are 
excreted in urine and expired through lungs respectively.

This condition is called “Ketosis” and these three compounds are together 
called acetone bodies or ketone bodies. The excretion of ketone bodies in urine is 
called “Ketonuria”.

Expt. No. 42. Rothera’s Test for Acetone Bodies
Principle: Acetone and acetoacetic acid form a purple colored complex with sodium 
nitroprusside in presence of ammonia. 

The permanganate color reaction is presumably due to the formation of Ferro 
Penta Cyanide with the Isonitro compound of the ketone or the formation of such 
component with the isonitrosamine derivative of the ketone.

Β-hydroxy butyrate does not respond to this test.

Procedure: Saturate 1 ml urine with solid ammonium Sulfate by shaking it, until 
some remains undissolved. Add 2 drops of freshly prepared solution of 5% Sodium 
Nitroprusside (or a small crystal of Sodium Nitroprusside and shake to dissolve 
in the urine) and mix.

Then, gently layer 2 ml of ammonia over the urine. At the junction of urine and 
ammonia layers a purple color ring appears if acetone bodies are present. 
Note: The test cannot be regarded as negative until the mixture has stood for 10 
minutes without developing this color. 
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Expt. No. 43. Gerhardt’s Test (Acetoacetic Acid)

Principle: Acetoacetate reacts with ferric chloride to form a red-brown precipitate.

Procedure: To 5 ml of urine in a test tube, add 5% ferric chloride solution, drop 
by drop, till no precipitate of ferric phosphate is formed. Filter and to the filtrate 
add some more ferric chloride solution. A portwine color indicates the presence 
of acetoacetate.

Note: A similar color is given by large number of substances, such as aspirin, 
antipyrin, salicylates, etc. If the urine is boiled, acetoacetic acid is converted into 
acetone, but the other substances are not destroyed. A urine which gives a positive 
test before boiling and negative after boiling indicates the presence of acetoacetic 
acid.

Clinical Interpretation

Normal levels: Less than 1 mg/day
Increased ketone bodies excretion:
•	 Starvation
•	 Diet rich in fat but restricted proteins and carbohydrates
•	 Diabetic ketoacidosis
•	 Fevers and severe anemia
•	 Phosphorus poisoning
•	 Recurrent vomiting in children.

Blood PIGMENTS

Blood pigments, hemoglobin, present in the urine may be either in the form of 
intact cells, hematuria, or free in solution, hemoglobinuria. 

In certain pathological conditions blood appears in urine. The presence of blood 
can be recognized by reddish color of urine and by microscopic examination of 
red blood cells, if it has not been hemolyzed. 

Chemically, hemoglobin or its derivatives can be demonstrated by Benzidine test.

Expt. No. 44. Benzidine Test

Principle: Heme of hemoglobin decomposes hydrogen peroxide to nascent oxygen 
which oxidizes benzidine to bluish green colored product.

Procedure: In a dry test tube, dissolve a pinch of benzidine in about 1 ml of glacial 
acetic acid and add 1 ml of hydrogen peroxide to it. Then add 5 – 10 drops of urine 
to the test tube. The benzidine solution will turn deep blue, if blood pigment is 
present in the urine. 

The test is very sensitive, as any test tube containing traces of uncleaned blood 
will give positive test. It should be noted that the blue color of benzidine produced 
by blood pigment is temporary and changes to brown within a few minutes. Repeat 
the test taking water as control.



Practical Clinical Biochemistry Qualitative Analysis

56 PB

Clinical Interpretation

Conditions of hematuria:
•	 Injury to urinary tract or kidney
•	 Urinary tract infection
•	 Benign or malignant tumors of kidney or urinary tract
•	 Urinary calculus
•	 Ruptured venous plexus of enlarged prostate

Common Renal and Postrenal Causes of Hematuria

Expt. No. 45. Guaiac Test

Principle: The guaiac test is based on the pseudo-peroxidase property of 
hemoglobin.

Procedure: Dispense 5 ml of fresh urine into a heat-resistant glass tube. Add freshly 
made gum guaiac reagent until turbidity forms. Add about 10 drops of freshly 
prepared hydrogen peroxide. Look for a blue color. If a blue color develops, boil 
the urine in a container of boiling water for 15 – 20 minutes. 

Results

Blue color remains after boiling Positive test  for hemoglobin

Blue color disappears after boiling Negative test.
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Conditions of hemoglobinuria:
•	 Incompatible blood transfusion
•	 Hemolytic jaundice
•	 Severe burns
•	 Black water fever of falciparum malaria
•	 Paroxysmal hemoglobinuria due to exposure to severe cold
•	 Snake bites that cause acute hemolysis. 
•	 Sickle cell disease crisis with severe hemolysis.
•	 March hemoglobinuria due to severe muscular exertion

HEMOGLOBINURIA:
The presence of free hemoglobin in urine is called Hemoglobinuria. 
It occurs with severe intravascular hemolysis when the amount 
of hemoglobin being released into the plasma is more than can 
be taken up by haptoglobin (the plasma protein that binds free 
hemoglobin to prevent it being lost from the body). The renal 
threshold for free hemoglobin is 1.0 – 1.4 g/l.

PROTEIN

The presence of heat coagulable protein in urine is called “Proteinuria”. In such 
urine, generally both albumins and globulins are present. 

Sometimes Bence Jones Protein (an immunoglobulin) or proteoses may be 
present. Bence Jones protein appears in urine in cases of Multiple Myeloma. 
It coagulates between 40 – 60oC, redissolves on further heating and coagulates 
on cooling to below 60oC. Of the various tests for protein in urine, the heat 
coagulation test is most commonly employed. The sulphosalicylic acid test is 
strongly recommended for routine work. A positive test should be checked by the 
heat coagulation test.

Clinical Interpretation

Conditions of Proteinuria:
•	 Nephrosis /Nephritis
•	 Tuberculosis
•	 Neoplasm
•	 Diabetic nephropathy
•	 Bence-Jones proteins in multiple myeloma
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•	 Congestive heart failure
•	 Hypertension
•	 Strenuous exercise
•	 Pregnancy

Expt. No. 46. Sulphosalicylic Acid Test

Principle: Proteins are amphoteric in nature, i.e. they behave as acids in an alkaline 
medium and as bases in an acidic medium. In the presence of alkaloid reagents, like 
sulphosalicylic acid, they act as bases, and react with the acid to form an insoluble 
salt of protein sulphosalicylate.

Procedure: To 2 ml of clear urine (filter, if not clear) add a few drops of 20% 
sulphosalicylic acid. A turbidity of protein sulphosalicylate indicates the presence 
of a protein. 

This test is positive for any protein. Hence presence of coagulable protein in 
urine must be confirmed by heat coagulation test.

Expt. No. 47. Heat Coagulation Test

Principle: When protein in urine is heated, its physical, chemical and biological 
properties are changed due to breaking up of certain bonds and the resultant change 
in the conformation of its molecules. This process is known as denaturation. 
However, when the coagulable proteins are heated at their isoelectric pH, a series 
of changes occur involving dissociation of the protein subunits (disruption of 
quaternary structure), uncoiling of the polypeptide chains (disruption of tertiary 
and secondary structure) and matting together of the uncoiled polypeptide chains 
(coagulation). While a denatured protein may be restored to its original structure 
and function by certain manipulations, coagulation is an irreversible process.

Procedure: Fill a test tube 3/4th full of clear urine. If the urine is turbid, filter it 
before performing the test. Heat the upper one-third of the test tube over a small 
flame. Turbidity is observed in the heated portion of the urine, well contrasted with 
the unheated lower portion, if coagulable protein or phosphate is present.

The presence of protein or phosphate can be distinguished by adding a 
drop of 1% acetic acid to the urine in which the phosphate dissolves but not 
the protein.

Even if turbidity does not appear on heating add 1 – 2 drops of acetic acid to 
the hot urine. Sometimes turbidity appears as addition of acetic acid brings the pH 
to its isoelectric pH.

Bile SALTS, BILE PIGMENTS AND UROBILINOGEN

The constituents or derivatives of bile that may appear in the urine are the bile 
pigments bilirubin and biliverdin, bile acids, chiefly glycocholic acid, urobilin and 
urobilinogen. Increased amounts of urobilin point to functional incapacity of the 
liver. Choluria is also present in obstructive jaundice. In hemolytic jaundice there 
is acholuria, though the urinary urobilinogen is raised.
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Common Causes of Proteinuria 

BILE SALTS
Bile salts are the sodium taurocholate and sodium glycocholate. 

Expt. No. 48. Hay’s Test for Bile Salts

Principle:-Bile salts lower the surface tension of urine and allow the sulfur particles 
to sink.

Procedure: Fill 2/3rd of the test tube with urine and sprinkle a little sulfur powder 
over the urine. Note if sulfur particles sink which indicates the presence of bile 
salts. Repeat with water as control.

BILE PIGMENTS

The presence of bile pigments and acids together is associated with obstruction 
to the outflow of bile from the liver. This may be either intra or extra hepatic. 
Urinary excretion of bilirubin alone is seen in conditions of excessive hemolysis. 
In hepatocellular jaundice (infectious hepatitis) there are bile pigments in urine 
even before jaundice becomes clinically detectable.
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Bilirubinuria: Bilirubin is not normally detected in the 
urine. When it is found, the condition is referred to as 
bilirubinuria. Urine containing 8.4 μmol/l (0.5 mg%) 
or more of bilirubin has a characteristic yellow-brown 
color (hepatocellular jaundice) or a yellow-green 
appearanace (obstructive jaundice)

Expt. No. 49. Fouchet’s Test for Bile Pigment

Principle: Barium chloride reacts with sulfate radicals in urine to form barium 
sulfate. If bilirubin is present in urine, it adheres to the precipitate and is detected 
by oxidation of bilirubin (yellow) to biliverdin (green) with ferric chloride in the 
presence of trichloroacetic acid present in Fouchets reagent

Procedure: Take 5 ml of urine in a test tube, add 1 – 2 drops of saturated magnesium 
sulfate solution and about 5 ml of 10% BaCl2 to it. Mix the contents and let the 
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tube stand for a while for the precipitate to settle down. Decant the supernatant 
and filter the rest. After the filtration is complete spread the filter paper over the 
work bench, and add a drop of Fouchet’s reagent to one part of the precipitate on 
the filter paper. Bile pigment is indicated if blue or greenish blue color appears at 
the place where Fouchet’s reagent has been added.
Note: Freshly passed urine is required. It should be protected from daylight 
and fluorescent light because bilirubin is rapidly oxidized by ultraviolet light to 
biliverdin which is not detected by the reagents used in the Fouchet’s test, Ictotest 
tablet test, or bilirubin strip tests. 

UROBILINOGEN

Urobilinogen normally is present in the urine in amounts sufficient to give a positive 
test in dilutions of 1 : 10 to 1 : 20. Its absence indicates complete biliary obstruction 
while increased amounts are associated with excessive blood destruction.

Expt. No. 50. Ehrlich’s Test for Urobilinogen

Urobilinogen is formed from bile pigments in intestine and is absorbed to be 
excreted in urine. Urobilinogen is excreted in small amount in normal urine but is 
excreted in greater quantity when large amount of bile pigments reach intestine as 
in hemolytic jaundice. Absence of urobilinogen from urine indicates obstruction 
of biliary passages.

Principle: Urobilinogen reacts with Ehrlich’s reagent to form red color which 
intensified on addition of sodium acetate.

Procedure: To 2 ml of urine, add about 2 ml Ehrlich’s aldehyde reagent. Mix 
and allow it to stand for 10 minutes. Add sodium acetate powder till saturation. 
Normal urine gives out a pink color but a distinctly red color suggests the presence 
of increased amount of urobilinogen. This test should be performed on fresh urine 
only.
Note: Bilirubin interferes with the reaction and therefore if present it must 
first be removed by reacting the urine with barium chloride (Watson’s 
Modification).

Method – Take two test tubes and label one ‘T’ (test) and other ‘C’ (control). 
Dispense 5 ml of fresh urine into each tube. If the urine contains bilirubin, mix 
equal volumes of the specimen with 0.48 mol/l barium chloride. Centrifuge or 
filter to obtain clear supernatant or filtrate to test for urobilinogen. Add 0.5ml 
Ehrlich’s reagent to tube “T” and mix. Add 0.5 ml of 50% v/v hydrochloride to 
tube ‘C’ and mix. Leave both tubes at room temperature (20 – 28°C) for 5 minutes. 
Looking down through the tubes, examine for a definite red color in the tube ‘T’ 
as compared with tube ‘C’. 
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Results

Red color in tube T Increased urobilinogen

Pink color in tube T Normal urobilinogen 

T & C appear similar No urobilinogen

How to check that the red color is due to urobilinogen and not due to 
porphobilinogen*?
Add 1 – 2 ml of chloroform or amyl alcohol. Mix well and allow to settle. Look 
for red color in the chloroform or amyl alcohol layer, indicating the presence of 
urobilinogen. If red color is not in this layer it is due to porphobilinogen*.

*Porphobilinogen is excreted in the urine of patients with acute intermittent 
porphyria, a rare inherited disease that affects nerves and muscles.

Note: False reactions—A false negative reaction may occur if the urine contains 
nitrite as in some bacterial urinary infections. The nitrite will oxidize the 
urobilinogen to urobilin which is not detected by Ehrlich’s reagent. A negative 
reaction may also occur if a patient is receiving intensive antimicrobial therapy. 
The antimicrobials will reduce the number of bacteria in the intestine and so prevent 
urobilinogen being formed.

Besides porphobilinogen, other substances which react with Ehrlich’s 
reagent include the metabolite indican and drugs like p-amino salicylic acid and 
sulphonamides. 

Point-of-care testing (POCT) is defined as diagnostic tests 
performed at or near the site of patient care to deliver the 
reports early for prompt treatment. Urine test strips (uristix) 
are used to detect reducing sugars, protein, blood, bilirubin, 
ketones, pH, and specific gravity in urine.
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RELEVANT QUESTIONS—Abnormal Constituents 
of Urine

	 1.	 What is glycosuria? In which conditions it occurs?
	 2.	 Name the test to identify reducing sugar in urine.
	 3.	 What is proteinuria? In which diseases protein will be present in urine?
	 4.	 Name the proteinuria in which light chains of Immunoglobulins are excreted 

in urine?
	 5.	 In which disease does this proteinuria occur?
	 6.	 What is the test for identifying Bence-Jones proteins?
	 7.	 What is ketosis?
	 8.	 In which diseases does ketonuria occurs?
	 9.	 Name the ketone bodies. How and where are they synthesized?
	10.	 Which test shows the presence of ketone bodies in urine?
	11.	 Why b hydroxyl butyrate does not respond to Rothera’s test?
	12.	 What is hematuria? Give some causes.
	13.	 What is hemoglobinuria? In which diseases there will be hemoglobinuria?
	14.	 Why do you add acetic acid in heat coagulation test?
	15.	 How does one differentiate between hematuria and hemoglobinuria?
	16.	 Name the condition in which bile salts and bile pigments are present in urine.
	17.	 What is jaundice? What are its types?
	18.	 What are bile salts? How are they derived in human body?
	19.	 Name the bile pigments. From which substances are they derived?
	20.	 What are the differences between urobilins and urobilinogens?
	21.	 What are the urinary findings in hemolytic and obstructive jaundice?
	22.	 In which conditions both glucose and ketone bodies are excreted in urine?
		  How can one differentiate between the two disorders?



Chapter

3 Quantitative Analysis

INTRODUCTION TO QUANTITATIVE ANALYSIS

Biochemical investigations are routinely requested to support the clinical specialties 
for screening, diagnosis and monitoring of patients. Most biochemical tests are 
performed on blood or urine samples. However, occasionally analysis of body 
fluids like CSF, pleural and peritoneal fluids, feces and calculi are also performed.

Quantitative analysis gives an exact amount of the substance present in the 
sample unlike qualitative tests which only give information of the presence or 
absence of a compound in the given sample. Semi-quantitative tests (e.g. Benedict’s 
test, Heat coagulation test) on the other hand give an idea or approximation on the 
range of substance present in the sample, like glucose in urine present between 
0.5 – 1.0 gm/100 ml in Benedict’s test.

Blood samples are collected in color coded vacutainers which are specific for the 
type of parameters advised for a patient. A list of the commonly used vacutainers 
is given in the table below.

Color Coded Vacutainers for Sample Collection

Vacutainer Color code Sample Tests performed
Red Serum Chemistry, HIV, Hepatitis, 

Blood drug screens, 
Therapeutic drug monitoring

Yellow Whole blood 
or plasma

DNA
HLA

Green Sodium /lithium 
heparin

Plasma determination of 
ammonia

Purple/
Lavender

Whole Blood 
(EDTA)

Hematology

Light 
Blue

Plasma (Citrate)
(Sodium Citrate)

Coagulation (e.g. PT and 
PTT)

Gray Whole Blood 
(Sodium fluoride/
Potassium oxalate)

Blood alcohol and plasma 
glucose
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In order to perform biochemical tests, it is essential to collect proper specimen 
otherwise the test result would be meaningless, and at times, misleading. Therefore, 
a good specimen is one which is collected from the correct patient, at correct time, 
in the correct container and subsequently correct handling to be analyzed eventually.

Most clinical biochemistry tests are performed on whole blood, serum or 
plasma. Plasma is the fluid component of blood after centrifugation when clotting 
is prevented by addition of anticoagulants like heparin, EDTA, etc. When the blood 
is allowed to clot the fluid, part which separates after centrifugation is called serum.

Fluid component of blood is called plasma which comprises 55% of the total blood 
volume. Plasma contains proteins, sugars, vitamins, minerals, lipoproteins and 
clotting factors. 95% of plasma is water.

Blood is collected and allowed to clot on standing. There is formation of an insoluble 
fibrin clot. If the blood is centrifuged, the fluid part separates out and is called serum. 

Finally, no matter how meticulously an analyst performs the test in a laboratory, 
analytical results are subjected to blunders which could be systemic or random type 
of errors. The analytical errors can be markedly reduced if one is aware of the type 
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of errors that could occur in the entire analytical process. The errors are broadly 
classified into three types: Pre-analytical, Analytical and Post-analytical. The type 
of errors in each class is given below. 

QUALITY CONTROL

To minimize or avoid the various analytical errors, laboratories need to follow 
quality control measures and ensure that the patients’ results are reliable. Reliability 
of results indicate both accuracy (i.e. how close a result is to its true/actual results) 
and precision (i.e. how consistent the result is when performed at different times).

The quality control measures include:
•	 Checking water quality, calibration of glass wares and instruments that may 

alter the results.
•	 Performing routine maintenance of instruments.
•	 Regular monitoring of control charts (Levey-Jennings control chart)
•	 Participating in proficiency testing programs.
Quality control is of broadly of two types:
•	 Internal quality control (IQC)
•	 External quality control (EQC)

Internal quality control:
•	 IQC is run everyday or every time the test is performed. The control material is 

a representative of the test material in composition, state of physical preparation 
and concentration range of the analyte.IQC checks the correct execution of the 
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procedure. Thus, a known concentration is taken and compared with the values 
obtained. These procedures are monitored in a single laboratory.

External quality control:
•	 EQC is comparing the performances of different laboratories. The procedure is 

done mostly once a month and the results sent to the concerned program center 
for monitoring and feedback.

IQC and EQC procedures are complementary wherein the former monitors the daily 
precision and accuracy while the later is important for monitoring of long-term 
accuracy of the analytical methods.
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COLORIMETRY

Colorimetry is a technique which is frequently used in biochemical estimations. 
It involves the quantitative estimation of color. Thus, a substance to be estimated 
colorimetrically must be either colored or, most often, capable of forming 
chromogens through the addition of reagents. The instrument commonly used, 
known as colorimeter, is in fact absorptiometer. It measures the amount of light 
absorbed in these estimations.

The parts of a colorimeter include a source of light and a device for selecting 
light of narrow wavelength (Fig. 3.1). The common colorimeters have a set of 
filters. For example, a green filter absorbs all the component colors of white light 
except green light which is allowed to pass through. The light that is transmitted 
through the green filters has a wavelength from 500 to 560 nm. Similarly, other 
suitable filters can be used to select light of narrow wavelengths. In sophisticated 
instruments, a diffraction grating or prism is used in place of filters so that the 
transmitted light has a very narrow bandwidth.

The transmitted light passes through a compartment in which the colored solution 
is placed in a cuvette or test tube. The colored solution absorbs some light and the 
residual light falls on a detector. The detectors are photosensitive elements which 
convert the light into electrical signal. The electrical signal generated is directly 
proportional to the intensity of light falling on the detector. This signal is quantitated 
by a galvanometer and read as optical density (OD) value.

Colored solutions have the property of absorbing certain wavelengths of light 
and transmitting others. The color of the solution depends upon the transmitted 
light. For example, a solution of hemoglobin absorbs blue-green light and transmits 
the complementary red color and hence the solution appears red. In colorimetry, 
filters are chosen appropriately so that absorption is maximum at the selected 
wavelength band.

Fig. 3.1: Schematic diagram of a colorimeter
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Complementary Colors Used in Colorimetry for Colored Solutions

Solution color Filter used Peak transmission range (Nm)
Bluish Green Red 580 – 680

Blue Yellow 520 – 580

Purple Green 490 – 520

Red Blue-green 470 – 490

Yellow Blue 430 – 470

Yellowish-green Violet 400 – 430

According to Beer’s law, the amount of light transmitted through a colored 
solution decreases exponentially with increase in concentration of the colored 
substance.

In colorimetric estimation, it is necessary to prepare a ‘reagent blank’, ‘test’ 
and a ‘standard’. The test solution is made by treating a specified volume of the 
blood filtrate or other specimen with reagents as mentioned in the procedure. A 
standard solution is prepared by similarly treating simultaneously, a solution of 
pure substance whose concentration is known. Since some color comes from 
the reagents specified in the procedure which is in addition to the color produced 
by the substance which is desired to be estimated, a blank is also run by similarly 
treating at the same time a same volume of distilled water.

Steps in the Operation of the Photoelectric 
Colorimeter

Place the glass filter recommended in the procedure in the filter slot. Fill the 
colorimeter tube (cuvette) to about three fourth with the distilled water and place 
in cuvette slot.

Switch ‘on’ the instrument and allow it to warm up for 4 – 5 minutes.
Adjust to zero optical density. Take ‘blank’ solution in another tube and with 

this placed in the cuvette slot, read the optical density (B).
Take ‘test’ solution in the cuvette, and as with ‘blank’ read the O.D. (T). Finally 

take ‘standard’ solution in the cuvette and record O.D. (S).
Satisfactory results are obtained only when the O.D. values are in the range  

0.1 – 0.7. The reading should be taken with the lighter solution first (lower 
conc.) followed by the darker solutions (more conc.) in order to avoid erroneous 
readings due to carryover effect.

CALCULATION

	 Conc. of the test =
OD  OD

OD OD

Conc. of std

Vol. of test
T B

S B

−

−
× × 100

	 = 
T B
S B

Conc. of std
Volume of test

−
−

× × 100
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BLOOD GLUCOSE ESTIMATION
 Normally, the body maintains the blood glucose level at a reference range between 
about 70 - 105 mg/dL in serum or plasma and 65 – 95 mg/dL in whole blood. The 
human body naturally tightly regulates blood glucose levels as a part of metabolic 
homeostasis.

Two major methods have been used to measure glucose. The first is a chemical 
method exploiting the nonspecific reducing property of glucose in a reaction 
with an indicator substance that changes color when reduced. Since other blood 
compounds also have reducing properties (e.g., urea, which can be abnormally 
high in uremic patients), this technique can produce erroneous readings in some 
situations (5 to 15 mg/dl has been reported). The more recent technique, using 
enzymes specific to glucose as substrate, is less susceptible to this kind of error. 
The two most common employed enzymes are Glucose Oxidase and Hexokinase. 
The enzymatic hexokinase method is the basis for the reference method for the 
determination of glucose in serum or plasma.

The international standard way of measuring blood glucose levels are in terms 
of a molar concentration, measured in mmol/L (millimoles per liter; or millimolar, 
abbreviated mM). In the United States, mass concentration is measured in mg/dL 
(milligrams per deciliter). 

Since the molecular weight of glucose C6H12O6 is about 180 g/mol, for the 
measurement of glucose, the difference between the two scales is a factor of 18, 
so that 1 mmol/L of glucose is equivalent to 18 mg/dL. 
Collection of blood in clot tubes for serum chemistry analysis permits the 
metabolism of glucose in the sample by blood cells until separated by centrifugation. 
Red blood cells, for instance, do not require insulin for intake of glucose from the 
blood. Higher than normal amounts of white or red blood cell counts can lead to 
excessive glycolysis in the sample, with substantial reduction of glucose level if the 
sample is not processed quickly. Ambient temperature at which the blood sample is 
kept prior to centrifuging and separation of plasma/serum also affects glucose levels. 

At refrigerator temperatures, glucose remains relatively stable for several hours 
in a blood sample. At room temperature (25°C), a loss of 7–10 mg/dL (or 0.4 
mmol/L) of total glucose per hour should be expected in whole blood samples. 
Loss of glucose under these conditions can be prevented by using fluoride tubes 
(i.e., gray-top) since fluoride inhibits glycolysis. However, these should only be 
used when blood will be transported from one hospital laboratory to another for 
glucose measurement. Red-top serum separator tubes also preserve glucose in 
samples after being centrifuged isolating the serum from cells.

To prevent contamination of the sample with intravenous fluids, particular care 
should be given to drawing blood samples from the arm opposite the one in which 
an intravenous line is inserted.

The fasting blood glucose level, which is measured after a fast of 8 hours, is the 
most commonly used indication of overall glucose homeostasis, largely because 
disturbing events such as food intake are avoided. The metabolic response to a 
carbohydrate challenge is conveniently assessed by a postprandial glucose level 
drawn 2 hours after a meal or a glucose load. In addition, the glucose tolerance 
test, consisting of several timed measurements after a standardized amount of oral 
glucose intake, is used to aid in the diagnosis of diabetes.
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Fasting Blood Glucose
Glucose level Indication
From 70 to 99 mg/dL (3.9 to 5.5 mmol/L) Normal fasting glucose

From 100 to 125 mg/dL (5.6 to 6.9 mmol/L) (pre-diabetes) Impaired fasting glucose 

126 mg/dL (7.0 mmol/L) and above on more than one 
testing occasion

Diabetes 

Expt. No. 51. Blood Glucose Estimation
Method: Ortho-toluidine mono step method
Aim: To estimate blood glucose in the given sample
Reagents: 
Reagents required:
1.	 Ortho-toluidine reagent
2.	 Glucose standard: 100 mg/dl in Saturated benzoic acid

Principle: Ortho-toluidine reacts quantitatively with aldehyde group of aldohexoses 
in presence of hot glacial acetic acid to form a glycosylamide and then a Schiff 
base which gives a bluish green colored solution which is recorded at 620 nm.

Procedure:
Mix thoroughly and place the tubes in the boiling water bath for exactly 10 minutes. 
By using tap water, cool the tubes to room temperature. Measure the O.D of test, 
standard and blank at 620 nm or red filter.

Test Standard Blank
O-toluidine reagent 5 ml 5 ml 5 ml

Serum 0.05 ml  -  - 

Glucose Standard (100 mg/dl)  - 0.05 ml  -

Distill Water  -  - 0.05 ml

Calculations:

Serum glucose in mg/dl =
OD of test

OD of std
×

Eff. conc of std

Eff. vol of ttest
×100

	 =
OD OD

OD OD
× ×100T B

S B

−

−

0 05
0 05
.
.

	 = =
ODof test

ODof std
×100 mg/dl

Note: Hemolyzed, lipemic or icteric samples will interfere with this method.
Normal Range – Fasting blood glucose is 70–110 mg/dl

Clinical Conditions

Hyperglycemia (Fig. 3.2) – Increase in blood glucose above normal.
•	 Diabetes mellitus 



Practical Clinical Biochemistry Quantitative Analysis

73 PB

•	 Hyperthyroidism, hyperpituitarism and increased adrenocortical activity.
Hypoglycemia (Fig. 3.3) – Decrease in Blood glucose above normal.
•	 Overdose of insulin for diabetic treatment. 
•	 Hypothyroidism, hypopituitarism and hypoadrenalism, insulinoma

Other Methods
1.	 Chemical methods based on (a) oxidation-reduction reactions with alkaline 

copper reduction and alkaline ferricyanide reduction and (b) condensation 
reactions 

2.	 Enzymatic methods like glucose oxidase method and hexokinase method – The 
hexokinase is reference method.

GLUCOSE ESTIMATION
Glucose can be measured in the whole blood, serum or plasma, but plasma is 
recommended for diagnosis of diabetes mellitus. Furthermore, it is the WHO/ADA 
CRITERIA and not reference ranges that are used for the diagnosis of diabetes 
mellitus. Concentration of glucose is higher in arterial than in venous samples. 
WHO/ADA criteria for diagnosis of diabetes mellitus.
Fasting : ≥126 mg/dl (7.0 mmol/l)
2-hr post-glucose load ≥ 200 mg/dl (11.1 mmol/l)

I. CHEMICAL METHODS

A. Oxidation-reduction reaction

Glucose + Alkaline copper tartarate Reduction →  Cuprous oxide

1. Alkaline Copper Reduction

Folin-Wu method
Cu++ + Phosphomolybdic acid Oxidation →  

Phosphomolybdenum

Blue end-
product

Benedict’s method •	 �Modification of Folin-Wu method for qualitative urine glucose

Nelson-Somogyi 
method Cu++ + Arsenomolybdic acid Oxidation →  

Arsenomolybdenum

Blue end-
product

2. Alkaline Ferricyanide Reduction

B. Condensation

Ortho-toluidine 
method

•	 Uses aromatic amines and hot acetic acid
•	 �Forms glycosylamine and Schiff’s base which is emerald 

green in color
•	 �This is the most specific method, but the reagent used is toxic.
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II. ENZYMATIC METHODS
A. Glucose oxidase

Glucose + O2 
Glucose oxidase

Oxidation →  Cuprous oxide

Saifer–Gerstenfeld 
method H2O2 + O-dianisidine Peroxidase

Oxidation →  H2O + 
oxidized chromogen

Inhibited by 
reducing 
substances like 
BUA,bilirubin, 
glutathione,
ascorbic acid

Kodak Ektachem •	 A dry chemistry method
•	 �Uses reflectance spectrophotometry to measure the intensity 

of color through a lower transparent film

Glucometer •	 Home monitoring blood glucose assay method
•	 Uses a strip impregnated with a glucose oxidase reagent

B. Hexokinase

Glucose + ATP Hexokinase + Mg ++
Phosphorylation →  G – 6PO4 + ADP

G-6PO4 + NADP G-6PD
Oxidation →  G-Phosphogluconate + NADPH + H+

•	 NADP as cofactor
•	 NADPH (reduced product) is measured in 340 nm
•	 �More specific than glucose oxidase method due to G-6PO4, which inhibits 

interfering substances except when sample is hemolyzed

Fig. 3.2: Common causes of hyperglycemia
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Fig. 3.3: Common cause of hypoglycemia

Relevant Questions

	 1.	 What is the normal fasting blood glucose level?
	 2.	 Name the conditions in which the blood glucose level is increased?
	 3.	 Name the conditions in which blood glucose level is decreased?
	 4.	 What are the methods by which blood glucose can be measured in the 

laboratory?
	 5.	 By which method have you estimated the test? 
	 6.	 What is the principle of this procedure?
	 7.	 What is the importance of “blank” in quantitative analysis?
	 8.	 What is the importance of “standard” in quantitative analysis?
	 9.	 What is the color produced due to?
	10.	 At what wave length you took the reading?
	11.	 What is the color of the filter you used?
	12.	 What is the composition of ortho-toluidine reagent?
	13.	 What are the hormones regulating blood glucose level?
	14.	 What are the tests for diagnosing diabetes mellitus?
	15.	 What other sample is collected in addition to blood in a diabetes mellitus 

patient? 
	16.	 What tests are performed with the urine sample and why?
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ESTIMATION OF BLOOD UREA

Urea is the main waste product of protein breakdown. It is formed in liver by the 
reactions of Krebs urea cycle. Amino acids are deaminated (nitrogenous amine 
group is removed), releasing ammonia. The ammonia, which is toxic to the body, 
is detoxified by combining with carbon dioxide to form urea which passes into 
the circulation and is excreted by the kidneys. Not all the urea that is filtered by 
the glomeruli is excreted in the urine. Depending on a person’s state of hydration, 
40–70% of the urea is passively reabsorbed with water and returned to the blood. 
The rate of reabsorption is inversely related to the rate of urine flow. When the rate 
of urine flow is low, more urea is absorbed.

The blood urea nitrogen (BUN) test is a measure of the amount of nitrogen in 
the blood in the form of urea. Normal human adult blood should contain between 
7 to 21 mg of urea nitrogen per 100 ml (7–21 mg/dL) of blood.

To convert from mg/dL of blood urea nitrogen to mmol/L of urea, divide by 2.8 
(each molecule of urea having 2 nitrogens, each of molar mass 14 g/mol).

Urea (in mmol/L) = BUN (in mg/dL of nitrogen) / 2.8

BLOOD UREA ESTIMATION
As a test of renal function, the measurement of plasma urea is less useful than 
the measurement of plasma creatinine. A number of extra renal factors influence 
the circulating urea concentration, like state of hydration and dietary intake, 
increased protein catabolism, reabsorption of blood proteins after gastrointestinal 
hemorrhage and treatment with cortisol or its synthetic analogues. 
To convert BUN to urea in mg/dL by using following formula:
Urea= BUN × 2.14;
MW of urea = 60; urea nitrogen = 28;
Therefore, BUN = 60/28

Expt. No. 52. Estimation of Blood Urea
Method: Diacetyl-monoxime method 
Aim: To estimate blood urea in the given sample
Principle: Under acidic conditions when urea is heated with compounds containing 
two adjacent carbonyl groups, such as diacetyl (CH3COC=NOHCH3) in presence 
of ferric ions and thiosemicarbazide pink colored diazine is formed at 520 nm.

Reagents

1.	 Sodium tungstate 10%
2.	 Sulfuric acid 2/3 N
3.	 Diacetyl monoxime 2% solution (Reagent is stable at room temperature for 1 

year)
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4.	 Thiosemicarbazide – 40% solution (Reagent is stable at room temperature for 
6 months) 

5.	 Sulfuric acid-phosphoric acid reagent (Reagent is stable at room temperature 
for 1 year)

6.	 Stock standard solution of urea 250 mg/100 ml
7.	 Working standards 1 in 100 dilution
8.	 Working reagent: Mix one part each of reagent 3 and 4 and two parts of reagent 

5. Prepare fresh each day.

Preparation of protein free filtrates (PFF)
DW					     3.5 ml
Blood					     0.1 ml
10% Sod. Tungstate 	 0.2 ml
2/3 NH2SO4			   0.2 ml
						      ----------
						      4 ml

(1 ml of protein free filtrate = 0.025 ml of blood)

Urea solution is given intravenously for 
Sickle cell anemia. Urea prevents the 
Roulex formation and prevents haemolysis 
of RBC.

Procedure:
Mix thoroughly and place the tubes in boiling water bath for 30 minutes. Take the 
reading at 540 nm.

Blank Standard Test
Distil Water 1.0 ml - -

PFF - - 1.0 ml

Standard (0.025 mg/dl) - 1.0 ml -

Working Reagent 5.0 ml 5.0 ml 5.0 ml

Calculation

ODof test

OD of std

Conc.of std

Vol.of blood
mg of urea per 100ml× × =100

ODof test

OD of std

0.025

0.025
mg of urea per 100ml× × =100
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= ×
T

S
mgs of urea per 100ml (mg/dl)100

Millimols/liter = 
Mg percent

Molecular weight (60)

×10

BUN:	 Mol wt of urea is 60
		  2 atoms of N = 14 × 2 = 28

Mg BUN = mg urea × 
28

60
	 = mg urea ÷ 2.14

Normal Range
BUN is 5 to 25 mg per 100 ml
Blood urea is 15 to 45 mg per 100 ml
Urea Clearance: Number of ml of blood that is cleared of urea that is excreted 
by the kidney in 1 min.

Types
a.	 Standard urea clearance–: The urine excretion is less than 2 ml/min
b.	 Maximal urea clearance–: The urine excretion is more than 2 ml/min
a.	 Standard urea clearance:
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b.	 Maximal urea clearance
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Clinical Interpretation
Blood urea is commonly between 15 and 45 mg per 100 ml. Blood urea is lower 
in pregnancy than in normal non-pregnant women. 

Increases in blood urea may occur in a number of diseases in addition to those 
in which the kidneys are primarily involved (Fig. 3.4).
1.	 Pre-renal: 

•	 Severe and protracted vomiting—pyloric and intestinal obstruction
•	 Ulcerative colitis
•	 Diabetic coma
•	 Crisis of Addison’s disease
•	 Hematemesis
•	 Severe burns
•	 Toxic fever
•	 Cardiac failure.
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2.	 Renal diseases:
•	 Acute glomerulonephritis
•	 Malignant hypertension
•	 Chronic pyelonephritis
•	 Mercurial poisoning
•	 Hydronephrosis
•	 Congential cystic kidneys
•	 Renal tuberculosis
•	 Renal failure.

3.	 Post-renal diseases:
•	 Enlargement of prostate
•	 Stones in the urinary tract
•	 Stricture of urethra
•	 Tumors of the bladder affecting the ureters.

Decreased blood urea values have been reported in 
	 - severe liver disease
	 - protein malnutrition, and 
	 - pregnancy

Other Methods
a.	 Urease method.
	 NH3, Potassium mercuric iodide.
b.	 Phenol-hypochlorite method using the Berthelot reaction.

Fig. 3.4: Common causes of increased blood urea levels (Azotemia)



Practical Clinical Biochemistry Quantitative Analysis

80 PB

Relevant Questions

	 1.	 What is the normal blood urea level?
	 2.	 What is the normal amount of urea excreted in urine daily?
	 3.	 In which conditions urea level will be increased in blood?
	 4.	 Where is urea synthesized? 
	 5.	 In which conditions urea level will be decreased in blood?’
	 6.	 What is urea clearance? 
	 7.	 What are the other clearance tests?
	 8.	 Which is the most preferred clearance test and why?
	 9.	 What are the methods by which urea can be estimated in blood?
	10.	 What is DAM?
	11.	 What is the principle of DAM method?
	12.	 What is the importance of “blank” and “Standard” in quantitative analysis?
	13.	 What is “standard” and “maximal” urea clearance and their significance?
	14.	 What is the difference between BUN and blood urea? What is the conversion 

factor?
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ESTIMATION OF URINARY CREATININE

Creatinine is a nitrogenous waste product formed from the metabolism of creatine 
(as creatine phosphate) in skeletal muscle. The contractile protein actomyosin 
hydrolyzes ATP to ADP + Pi during muscle contraction. The ATP is rapidly restored 
by the Lohmann reaction during contraction. The depleted store of phosphocreatine 
is regenerated from ATP when the muscle is in resting state.

Lohmann Reaction

	 Creatine kinase
ADP + Phosphocreatine  ATP + Creatine
Creatinine diffuses freely throughout the body water. It is filtered from the 
extracellular fluid by the kidney and excreted in the urine. The excretion of creatinine 
is mainly renal and in absence of disease, is relatively constant.

Any disease or condition that causes a fall in the glomerular filtration rate (GFR) 
will increase plasma creatinine levels. Because creatinine is so readily excreted, 
blood levels rise more slowly than do urea levels in renal disease with slight 
increases occurring when there is moderate renal damage.

Normal Serum Creatinine Level

	 Males: 0.9: 1.3 mg/dl, 
	 Females: 0.6: 1.1 mg/dl 

Expt No 53: Estimation of Urinary Creatinine

Method: Alkaline picrate method or Jaffés method. 

Aim: To estimate urinary creatinine in the given sample.

Reagents

1.	 Picric acid (0.04 m solution).
2.	 Sodium hydroxide (0.75 N solution)
3.	 Stock solution of creatinine containing 1 mg of creatinine per ml. 
4.	 Working creatinine standard for use:
5.	 This contains 0.01 mg of creatinine per ml.

Principle: Creatinine in alkaline medium reacts with picric acid to form a yellowish 
orange tautomer of creatinine picrate, the intensity of which is measured at 520 nm.
(About 2% of the total creatine is converted daily to creatinine so that the amount 
of creatinine produced is related to the total muscle mass.)

Procedure: Dilute 5 ml of urine to 500 ml in a volumetric flask (1:100 dilutions)
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Blank Standard Test
Diluted urine  -  - 3.0 ml

Creatinine std  - 3.0 ml  - 

Distil water 3.0 ml  -  -

0.04 m picric 1.0 ml 1.0 ml 1.0 ml

0.75 N sodium hydroxide 1.0 ml 1.0 ml 1.0 ml

Allow to stand for fifteen minutes and then read in the colorimeter during the 
next half hour with a blue-green filter or at 520 nm

Calculations: Since the standard contains 0.03 mg creatinine and 3 ml of diluted 
urine corresponds to 0.03 ml of the original urine.
Grams Creatinine per litre of urine

= ODof T ODof B
ODof S ODof B

−
−

× × ×0 03
1000
0 03

1
1000

.
.

= ODof T ODof B
ODof S ODof B

gm/litre
−
−

Note: In serum about 20% of the color is due to non-creatinine substances, whereas 
in urine it is about 5% due to noncreatinine substances. Nonspecific chromogens that 
react with picric acid are proteins, ketone bodies, pyruvate, glucose and ascorbate. 
Jaffe’s reaction is also sensitive to variables like pH, temperature, etc.

Normal Range: The normal daily excretion 
	 Males: 14 – 26 mg/kg/day
	 Females: 11 – 20 mg/kg/day.
(Declines with age to 10 mg/kg/day [88.4 μmol/kg/day] at age 90 yrs. Decline 
starts in fifth decade.) 

Urinary creatinine 0.7–1.2 gm/day.

Interpretation

Urinary creatinine increases in: 
•	 Exercise
•	 Acromegaly, gigantism
•	 Diabetes mellitus 
•	 Infections
•	 Hypothyroidism
•	 Meat meals.

Urinary creatinine decreases in:
•	 Hyperthyroidism
•	 Anemia
•	 Paralysis, Muscular dystrophy
•	 Diseases with decreased muscle mass (e.g. Neurogenic Atrophy, Polymyositis, 

etc.), 
•	 Inflammatory disease affecting muscle



Practical Clinical Biochemistry Quantitative Analysis

83 PB

•	 Advanced renal disease
•	 Leukemia
•	 Vegetarian diets.

Creatinine is not a sensitive indicator of early renal disease. 
Plasma creatinine is less affected than urea by dietary intake. 
For each 50% reduction in GFR, serum creatinine doubles. In 
chronic renal disease, the plasma level may be more sensitive 
to changes in glomerular function than creatinine clearance, 
which may be factitiously higher than the true value.

Creatinine is decreased unilaterally in urine from a kidney affected by renal stenosis.
Note: Determination of urine creatinine concentration is of little or no help in 
evaluation of renal function unless it is done as part of creatinine clearance test. 
Because the excretion of creatinine in one person is relatively constant (assuming 
a constant diet), 24-hr urine creatinine levels are used as an approximate check on 
the completeness of a 24-hr urine collection in serial collections. 

Determination of Creatine in Urine

This is determined by estimating the creatinine present before and after heating 
with acid to convert the creatine into creatinine. From the difference the amount 
of creatinine can be calculated.

Calculation

1 gm of creatinine is formed from 1.16 gm of creatine. Subtract the preformed 
creatinine from the total creatinine after heating with acid and multiply by 1.16.

There is very little creatine in urine of adults, particularly in males. It may be 
found in the urine in pregnancy and also in childhood. Under certain abnormal 
dietary conditions it may occur in the urine of adults when a low carbohydrate 
diet is taken and in fasting when it is presumably derived from the breakdown of 
muscular tissues. It is also reported in increased amounts in the urine of athletes 
during training.
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The sum of the mgs of creatinine and creatine nitrogen excreted per kilogram of 
body weight is termed creatinine co-efficient.

Men: 7–10 mg/kg
Women: 5–8 mg/kg
Factors for converting creatinine and creatine into their nitrogen content are 

0.372 and 0.321 respectively.
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