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BCM 221 


BIOCHEMISTRY II 


Week 1 Practical 


“Colorimetry” 
  


Coloremetric Estimation of Body Fluids 
 


Principle: 


Many important biological solutions are estimated as coloured solutions, in 


which the intense of the colour is proportional to the concentration of the 


biological substance. 


When light passes in a coloured solution, it has specific wave length, 


therefore, the intense of the colour is measured as its optical density or 


absorbance of its wave length. 


 


Colorimeter measures the absorbance or optical activity of the coloured 


solutions, and the intense of colours are read on its scale. 


The  zero point of the colorimeter should be first adjusted with a solution 


known as the blank. A water blank or a reagent blank may be used. 


Sometimes the zero point is adjusted  against air, this depends upon the 


procedure used. 


 


The sample unknown solution is compared with a known standard to obtain 


the exact concentration of the test unknown sample. 


The following formula is usually used: 


 


                            A sample 


Conc.sample    _________    *  Conc.Standard=……mg/dl 


                           A standard 


                            
 


A sample:    Absorbance (optical density, reading) of  the sample. 


 


A standard:  Absorbance (optical density, reading)  of  the standard. 


 


Conc.sample:    Concentration of the test unknown sample. 


                             
Conc. Standard: Concentration of the known standard solution. 







Colorimeter 
 


A colorimeter is a device to measure the intensity of light after it has passed 


through an absorbing medium. In its simplest form it consists of: 


 


 


 


 


 


 


 


 


 


 


 


Components of Colorimeter 
 


1. Light Source:  A low level of illumination (usually from 6-12 V lamp) is  


                             used. 


 


2. Condenser lenses: They give parallel rays. 


     


3. Filter: 
    A filter consists of a material that selectively transmits the desired wave 


length and absorbs all other wavelengths. Its colour is complement to that 


of coloured solution to allow maximum absorption and transmission. 


 
4. Cuvette: 


     Cuvettes are optically transparent cells used to contain the “coloured” 


solution  under study. 


 


 In general, the length of light path across the cuvette is usually kept 


constant at 1 cm. 
 


     Scratched or contaminated cuvettes result in inaccurate work. 


 


 


 







5. Photocell: 


 A photocell measures the intensity of the light transmitted through the 


solution after absorption. It converts quanta of radiation to electrical 


energy which may be amplified, detected and recorded. Thus, the 


photocell has the function of generating an electric current proportional to 


the light falling on it from the coloured solution according to the intense 


of its colour. 


 


6. Galvanometer:  


It contains the scale of reading. The output (electrical     current) of the 


photo cell can now be read by a sensitive meter system. The reading is 


proportional to the intensity of the electric current emitted from the 


photocell and consequently to the intensity of colour of the solution of the 


unknown test sample under investigation.  


 


 


Application 
 


1. Colorimetry helps in measuring the concentration    of any unknown 


substance. If the substance by itself is coloureless, it can be 


chemically converted to a coloured substance. 


2. The colorimeter can also be used to measure the turbidity of solutions 


(e.g. bacterial suspension), but the nepheometer is a better measure of 


turbidity. 


       
 


Spectrophotometry 
 


     Spectrophotometry is a much more refined version of a colorimeter.  


     In a colorimeter filters are used which allow a broad range of 


wavelengths to pass through, whereas in the spectrophotometer a prism is 


used to split the incident beam into different wavelengths.  


     By specific mechanisms, waves of specific wavelengths can be 


manipulated to fall on the test solution. 


  


The spectrophotometer is useful for measuring the absorption spectrum 


of a compound, that is, the absorption of light by a solution at each 


wavelength.  
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BCM 221 


BIOCHEMISTRY  


Week 6 Practical 


“Colorimetric Estimation  of urea in plasma” 
___________________________________________________ 
 


Urea was discovered by Hilaire Rouelle in 
1773. It was the first organic compound to 
be artificially synthesized from inorganic 
starting materials, in 1828 by Friedrich 
Wöhler, who prepared it by the reaction of 
potassium cyanate with ammonium sulfate.  


Urea is a nitrogenous excretory waste 
product that results from protein 
catabolism. Amino acids are metabolised by a process called 
deamination which results in formation of ammonia.  


 


 


 


 


 


 


 


 


 


 


 


 


 


 



http://en.wikipedia.org/wiki/Hilaire_Rouelle

http://en.wikipedia.org/wiki/1773

http://en.wikipedia.org/wiki/1828

http://en.wikipedia.org/wiki/Friedrich_WÃ¶hler

http://en.wikipedia.org/wiki/Friedrich_WÃ¶hler

http://en.wikipedia.org/wiki/Potassium_cyanate

http://en.wikipedia.org/wiki/Ammonium_sulfate
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Ammonia is toxic to cells so the body gets rid of it by converting it into 
water soluble compound called urea through urea cycle that occurs in 
liver. 


 


 


 


 


 


 


 


 


 


Urea is removed from the body by the kidneys and excreted in urine. As 
urea is produced, it leaves the liver in the blood stream via the circulatory 
system to all parts of the body. If kidney function is impaired, urea level 
rises in the blood. A simple test is carried out called BUN ''blood urea 
nitrogen'', it is a measure of the amount of nitrogen in the blood that 
comes from urea, thus is used to test the renal function.  
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The aim of this practical session is to: 


1. Obtain a simplified knowledge about urea and clinical significance of 
altered urea levels in plasma. 


2. Determine the level of urea in the provided plasma samples of 
different individuals and comment on the cases. 


Normal value: 


The normal value of plasma urea is 15 - 39 mg/dL, which is equivalent to 


7- 18 mg/dL BUN.  


Clinical significance: 


A. High plasma urea (or BUN) values ''azotemia'' occur due to: 


1. Direct damage of the kidneys such as glomerulonephritis or 
pylonephritis. 


2. Diseases that directly damage kidneys such as diabetes or high 
blood pressure. 


3. Decreased blood flow to kidneys caused by dehydration, shock or 
heart failure. 


4. Obstruction of urinary tract by a kidney stone or tumour. 
5. Bleeding in the gastrointestinal tract  (e.g. from ulcers). 
6. Eating unusually-high protein foods. 
7. High stress on the body, such as from a high fever. 
8. Medications such as allopurinol, aspirin, diuretics, tetracyclines and 


aminiglycosides. 


 


 


 


 


 


 


 


B. Low plasma urea (or BUN) values occur due to: 


1. A very low-protein diet. 
2. Malnutrition. 
3. Severe liver damage. 
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4. Overhydration due to drinking excessive amounts of liquid. 
5. BUN levels may normally be low in the third trimester of pregnancy. 
6. Syndrome of inappropriate antidiuretic hormone secretion (SIADH). 


 


 


 


 


 


 


 


BUN to Creatinine ratio: 
A BUN test may be done with a serum creatinine test. The level of 
creatinine is also used as a test of renal function; a high creatinine level 
may mean kidneys are not working properly. The measured blood urea 
nitrogen (BUN) and creatinine tests can be used to calculate the BUN-to-
creatinine ratio (BUN:creatinine). A BUN-to-creatinine ratio may 
determine whether decreased kidney function is the result of dehydration 
or kidney disease. Dehydration usually causes BUN levels to rise more 
than creatinine levels, resulting in an increased BUN-to-creatinine ratio. 
Kidney disease or blockage of the flow of urine from your kidney usually 
causes both BUN and creatinine levels to increase equally, resulting in a 
BUN-to-creatinine ratio that is normal. 


 


 


 


 


 


 


 


 



http://health.yahoo.com/other-other/trimester/healthwise--stt11640.html

http://health.yahoo.com/other-other/creatinine/healthwise--stc123819.html
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Estimation of Urea in plasma 


Modified Berthelot enzymatic method: 


Principle: 


This method utilizes the principle of urea hydrolysis. Urea is 
hydrolysed in the presence of urease to carbon dioxide and 
ammonium ions. In alkaline medium, ammonia reacts with 
hypochlorite and salicylate to form dicarboxyindophenol, a coloured 
compound. The reaction is catalysed by sodium nitroprusside. The 
intensity of the colour produced is proportional to the concentration of 


urea and can be measured spectrophotometrically at max 600 nm.  


 


         Urease  


Urea   +   H2O
  2NH4+ + CO2 


Practical: 


1. Blood is drawn from a vein and transferred into a centrifuge tube 
containing an anticoagulant and plasma is obtained by 
centrifugation of blood for 10 minutes.  


 


 
                                                        


 
 
 
 
 
 
 
 
                  Centrifuge 
 


 
2. Determine urea  in the provided plasma sample of patient 1, 2 or 


3 using the modified Berthelot enzymatic method as follows: 


 nitroprusside  


NH4+ + salicylate + NaClO  
Alkaline medium 


     Indophenol 
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BCM 221BCM 221BCM 221BCM 221    


BIOCHEMISTRY BIOCHEMISTRY BIOCHEMISTRY BIOCHEMISTRY IIIIIIII    


Week 3 Practical 


“Oral Glucose Tolerance Test& Serum Glucose” 
_________________________________________________________ 
 


Regulation of blood glucose level: 
                                                                                                                         
Despite long intervals between meals, human blood glucose level normally 
remains within a narrow range. In most humans this varies from (70 – 110 mg/dL) 
except shortly after eating when the blood glucose level rises temporarily. This 
homeostatic effect is the result of many factors, of which hormone regulation is 
the most important. 
   
There are two groups of antagonistic metabolic hormones that affect BSL: 


•••• The hypoglycemic hormone, insulin (secreted from the beta cells of the 
islets of Langerhans in the pancreas), which decreases BSL. 


•••• The hyperglycemic hormones: glucagon (secreted from the alpha cells of 
the islets of Langerhans in the pancreas), growth hormone (GH), 
catecholamines, epinephrine (adrenaline) and corticosteroids, which 
increase BSL. 


 
 
 
 
 


 
 
 
 
 
 
 
 
 


Hormonal regulation of BSL 
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•••• When BSL rises after digestion of a meal, insulin is released from the beta 
cells of the islets of Langerhans in the pancreas causing the liver to convert 
more glucose into glycogen (this process is called glycogenesis), and to 
force about 2/3 of body cells (primarily muscle and fat tissue cells) to take 
up glucose from the blood, thus decreasing BSL.   


•••• When BSL falls to extremely low levels (as in heavy exercise or lack of food 
for extended periods), glucagon is released from the alpha cells of the 
islets of Langerhans causing the liver to convert glycogen into glucose (this 
process is called glycogenolysis), thus increasing BSL. 


 
 


Diagnosis & Laboratory findings of Diabetes mellitus: 


This could be achieved by the results of stepwise laboratory tests that  
characterize the recurrent or persistent hyperglycemia that associates DM. These 
laboratory tests could be arranged in a stepwise manner as follows: 


 


 
 


Laboratory test Positive result 


1 Glucose in urine Present (Glucosuria) 


2 Fasting BSL ≥ 126 mg/dL 


3 Random BSL ≥ 200 mg/dL 


4 
Oral glucose tolerance test (OGTT), 2 hours post-
prandial BSL after a 75 g oral glucose load. 


≥ 200 mg/dL 


A positive result, in the absence of clinical symptoms of diabetes, should be 
confirmed by one of the following listed methods on a different day 


5 
Oral glucose tolerance test (OGTT), 2 hours Post-
prandial BSL after a 75 g oral glucose load  


≥ 200 mg/dL 


6 Ketone bodies in blood Present (Ketonemia) 


7 Ketone bodies in urine Present (Ketonuria) 


8 
Glycosylated hemoglobin (HbA1c) could be used for 
both diagnosis and monitoring of treatment. 


• 4%-6%  normal. 


• up to 6.5% good glucose control. 


• Over 7% poor glucose control. 
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Glycated Hemoglobin (HbA1c): 
 
In the normal 120-day life span of the red blood cells, glucose molecules join 
hemoglobin, forming glycated hemoglobin. In individuals with poorly controlled 
diabetes, an increase in the quantity of the glycated hemoglobin is noted. 
Therefore, measuring the level of HbA1c can be used to test for glycemic control 
and patient compliance in the last 2 months. 
The normal range in healthy persons is 4% to 6%. People with diabetes mellitus 
often have higher levels of HbA1c. a diabetic with good glucose control has HbA1c 
level of up to 6.5%. a very high HbA1c represents poor glucose control (from 7% 
to 12%). 


 


Oral glucose tolerance test: 
 
A glucose tolerance test in medical practice is the administration of glucose 
load to determine how quickly it is cleared from the blood. 
 
The glucose load is most often given orally (75 g for adults or 100 g for 
pregnants), therefore the common test is technically an oral glucose tolerance 
test (OGTT).  


The intravenous glucose tolerance test (IV-GTT) is used only when the patient 
cannot administer glucose orally or there is defect in GIT absorption, where 
glucose can be given IV. In this test, a glucose load (0.5 g/kg body weight) is 
injected intravenously and blood samples are collected every 10 minutes for 1 
hour. 


During a glucose tolerance test, which may be used to diagnose diabetes 
mellitus, a fasted patient takes a 75 gm oral dose of glucose. Blood glucose 
levels are then measured over the following 2 hours. 
Glycemic greater than or equal to 200 mg/dL at 2 hours or greater than or equal 
to 126 mg/dL fasting is diagnostic for diabetes mellitus.  
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Glucose tolerance test (GTT) is one of the 
most important clinical diagnostic tests used 
to monitor blood sugar level (BSL). It reflects 
the body's ability to utilize blood glucose (the 
body main source of energy) and how quickly 
that glucose is cleared from the blood. GTT 
can be used in the investigation of early 
insulin secretion abnormalities in pre-
diabetes mellitus and diabetes mellitus.  
 
Impaired Glucose Tolerance (IGT) 
 
It is a pre-diabetic state, associated with 
insulin resistance and increased risk of 
cardiovascular pathology. IGT my precede 
type II diabetes mellitus by many years. 


• It is characterized by an oral glucose 
tolerance test with an intermediately 
raised glucose level after 2 hours, but 
less than would qualify for type 2 
diabetes mellitus. 


• The fasting glucose may be either 
normal or mildly elevated. 


• The risk of progression to diabetes and 
development of cardiovascular disease 
is greater than for impaired fasting 
glycemia 


 


 


Preparation of the patient for OGTT& cautions: 


1. The patient is instructed to eat normally and not to restrict carbohydrate 
intake in the days or weeks before the test.  


2. The test should not be done during an illness, as results may not reflect the 
patient's glucose metabolism when healthy.  


3. A full adult dose (75 g glucose) should not be given to a person weighing 
less than 43 kg otherwise exaggerated glucose may produce a false positive 
result. 
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Variation of BSL throughout OGTT for normal 


and hyperglycemic patient
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4. Usually the OGTT should begin in the morning (7:00 - 8:00 a.m.) as glucose 
tolerance exhibits a diurnal rhythm with a significant decrease in the 
afternoon. 


 


Procedure for OGTT: 


1. The patient should have been fasting for 
the previous 8-14 hours. 


2. A zero time (baseline) blood sample is 
drawn (fasting sample). 


3. The patient is then given a glucose load 
solution to drink in a dose equal to 1.75 
g/kg of body weight, to a maximum dose 
of 75 g. The glucose load should be 
drunk within 5 minutes.  


 


4. Following the glucose load, blood samples are drawn at different time 
intervals (30, 60, 90 and 120 minutes). For simple diabetes screening, the 
zero samples and the 2 hr sample could be the only collected samples. 


5. Blood samples are centrifuged and serum is separated for glucose 
determination (blood sugar), and sometimes insulin levels. 
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Interpretation of OGTT results 


 


Fasting blood glucose: (Zero time sample) 


o Fasting plasma glucose should be below 110mg/dL=normal 


o Fasting levels between 110 and 126 mg/dL are borderline ("impaired 
fasting glucose") 


o Fasting levels repeatedly at or above 126 mg/dL are diagnostic of diabetes 


 


2 Hours Post-prandial blood glucose: (2 h sample) 


o The 2 hour glucose level should be below 140 mg/dL = Normal 


o Glucose levels between 140 and 200 mg/dL indicate "impaired glucose 
tolerance" 


o Glucose levels above 200 mg/dL at 2 hours confirms a diagnosis of 
diabetes 


 
 


Determination of glucose in serum  
 


1. Qualitative chemical test for Glucose in urine. 
2. Quantitative estimation of glucose in the serum. 


 


 
Sample considerations: 
 
Serum glucose values decrease rapidly in samples that have not been separated 
from the cellular constituents of blood.  
Sodium Fluoride (NaF) at concentrations of 10 mg/dL blood will inhibit glucolysis 
by erythrocytes, leukocytes and platelets. 
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Quantitative estimation of glucose in the serum 


  
The level of glucose in the serum is assayed spectrophotometrically. 
The methods used for such assays are either chemical methods or enzymatic 
methods to develop a color proportional to the amount of glucose in the tested 
sample. The enzymatic methods are more accurate and specific than the 
chemical methods. However the enzymatic methods are rather expensive. 
 


 
Enzymatic methods for estimation of glucose:  


 
Glucose Oxidase method: 


 
This is the most frequently used method in commercial kits for the determination 
of blood glucose level. It is specific, accurate and the absorbance of the product 
measure in the visible range (you don't need a spectrophotometer only use a 
colorimeter). 
 
 
Glucose + 2H2O + O2                                    Gluconic acid + 2H2O2 
 
H2O2 + chromogenic oxygen acceptor                      Oxidized chromogen + H2O  
                   (Colorless)                                                     (Colored) 
 
The chromogen is usually 4- aminophenazone + phenol  
When the concentration of glucose in the sample increases, the produced H2O2 
increases. This subsequently increases the intensity of the developed color. 
 
 


Data Interpretation: 
 


Hypoglycemia 
Lack of glucose produces seizures as the brain relies entirely on glucose for its 
energy source. Hypoglycemia can be due to: 


• Decreased production: inherited disorders in glycogen storage, liver 
disease, or decreased intake (starvation or mal-absorption) 


• Increased use: Insulin-secreting tumors (insulinoma) or Addison's disease 
where hypoglycemia occurs due to decreased gluconeogenesis and 
increased insulin-mediated glucose uptake by skeletal muscle. 


Glucose Oxidase 
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Hyperglycemia 
 


• Physiologic: physiologic hyperglycemia occurs post-prandially and in 
response to stress. This can be mediated by epinephrine or corticosteroids. 


• Therapeutic agents: Glucocorticoids, dextrose-containing fluids, thyroxine, 
etc. 


• Diseases that produce sustained hyperglycemia due to insulin resistance 
o Diabetes mellitus 
o Acromegaly (excess growth hormone) 
o Hyper-adrenocorticism (Cushing's syndrome) 
o Hyper-glucagonemia (e.g. .glucagonemia = tumor of the α-cells of the 


pancreas). 
 


Note; 
Transient hyperglycemia may occur due to stress or hyperthyroidism, which 
increases glucose due to increased sensitivity to catecholamines 
 
 
 
Principle for glucose determination:  


 


Glucose is determined by the enzymatic “glucose oxidase” method as follows: 
glucose in the serum sample is oxidized to gluconic acid in the presence of 
glucose oxidase. The liberated hydrogen peroxide is detected by a chromogenic 
oxygen receptor, phenol-ampyrone. The intensity of the color of the red quinone 
formed is proportional to the amount of glucose present in the sample and could 


be determined colorimetrically at λmax 500 nm.  


 
         Glucose oxidase  


                 Glucose         Gluconic acid  + H2O2 


 


             Peroxidase  


                   2 H2O2  2 H2O    +    O2 


 
 


   Phenol-ampyrone   + O2  Red Quinone 
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BIOCHEMISTRYBIOCHEMISTRYBIOCHEMISTRYBIOCHEMISTRY    IIIIIIII        


Week 6 Practical 


“Colorimetric estimation of serum proteins” 
___________________________________________________ 
 
 
Blood, consists of 45% formed elements (cells) and 55% 
plasma. Plasma (the liquid portion of blood) consists mainly of 
water (about 90-92%), proteins, salts, oxygen, carbon dioxide, 
nutrients and waste. 
 
“Plasma proteins” are of 3 major types: albumin, globulins 
and fibrinogen. They are all synthesized in the liver, with the 
exception of the gamma globulins which are produced by B-
lymphocytes.  
 


 
N.B. Plasma is obtained from blood in which an anticoagulant is added, 
while serum is obtained when no anticoagulant is added.  
 


                                                                         
 
 
 
Functions of plasma proteins: 


1. Plasma proteins maintain blood osmotic pressure, pH and volume. 
2. Albumin transports many substances in blood including hormones and 


some drugs (plasma protein-bound drugs). 
3. Gamma globulins (antibodies) fight infection.  
4. Fibrinogen is necessary for blood clotting. 


 
 
Normal value of plasma proteins: 


The normal value of plasma proteins in humans is 6 - 8 g/dl (dl= 100 ml). 
 


without 
anticoagulant 


with 
anticoagulant 
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Clinical significance: 


In some cases, the value of plasma proteins is lower than normal (below 
6 g/dl); this is known as hypoproteinemia and can be caused by 
malnutrition, liver disease or severe burns. In other cases, the value of 
plasma proteins is higher than normal (above 8 g/dl); this is known as 
hyperproteinemia and can be caused by dehydration due to severe 
vomiting or diarrhea.  
 
 
The aim of this practical session is to: 


1. Estimate the concentration of proteins in a plasma sample using a 
colorimetric method, the “Biuret method”. 


2. Comment on the provided case.  


 
 


Biuret method for colorimetric  
estimation of serum proteins  


 
 
Chemical structure of proteins: 


Proteins are polymeric compounds composed of “amino acids” joined 
together by “peptide bonds”. 
 
 


 


+ 


 


+ 


 
 
 
 
 


     


 


Peptide bonds 


2 H2O 
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Principle of the biuret method:  


• The biuret reaction is a method that can be used to determine the 
amount of protein in a solution.  


• The biuret reagent (copper sulfate in a 
strong base) reacts with peptide bonds in 
plasma proteins to form a violet complex 
known as the “biuret complex”. 


• N.B. Two peptide bonds at least are 
required for the formation of this complex. 


• A colorimeter can be then used to 
measure the intensity of the color produced; 
the more protein present the darker the 
color. 


 


 


 


• To estimate the concentration of plasma proteins, one of the two 
following methods can be used: 


1. Performing the biuret reaction on a “standard” protein solution (i.e. 
of known concentration) and then applying the following equation: 


Ctest  =  Cstd  ×  Atest / Astd 


2. Performing the biuret reaction on a series of standard protein 
solutions and then constructing a “standard curve” by plotting the 
absorbance on the y-axis and the concentration on the x-axis. 
From this curve, the absorbance reading of any sample can be 
converted into its coresponding concentration. 


 


 


 


 


 
 
 


Biuret complex 


Absorbance 
at 550 nm 


0         2          4           6          8 


       Protein concentration (g/dl) 
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Reagents: 
1. Biuret reagent: A 1 liter of  Biuret reagent contains the 


following: 
NaOH, 0.1 N : 4 g/l 
K-Na-tartarate (Rochelle salt) : 16 mmol/l 
Potassium iodide : 15 mmol/l 
Cupric sulfate : 6 mmol/l 


2. Standard albumin solution : 10 g/dl 


 
Practical: 


• Determine the protein concentration in the provided plasma sample  
using the biuret method as follows: 


 Blank Standard Sample 


Distilled water 50µl ___ ___ 


Albumin 
standard 


___ 50µl ___ 


Serum  ___ ___ 50µl 


Biuret reagent 2.5 ml 2.5 ml 2.5 ml 


 


 


Blue 


 


 


Violet 


•••• Mix the content of each tube. 


•••• Allow to stand for 30 minutes. 


•••• Read the absorbance at 546 nm.  


•••• Calculate the concentration of plasma proteins in the provided  
samples using the absorbance reading of standard albumin and 
applying the following equation: 


Ctest  =  Cstd  ×  Atest / Astd 


•••• Comment on the provided case.  
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BCM 221 


BIOCHEMISTRY II 


Week 5 Practical 


“Colorimetric Estimation of Triglycerides in the 
serum” 


 
 Triglycerides are types of simple lipids which are necessary for life. it 


constitutes about 90% of our food.  


   
 
   Triglycerides provide much of the energy needed for the cells to 


function. In order for lipids to travel in the blood, they must be coated 


with layer of phospholipid and protein to create a water-soluble 


package (chylomicrons, VLDL). These packages are called 


lipoproteins 


 
The aim of this practical session is to: 


1. Understand the clinical correlation of triglycerides to cardiovascular 
diseases. 


2. Estimate the concentration of triglycerides in serum samples obtained 
from different individuals and comment on the case.                                                                                                  


 


What are triglycerides? 


 Triglycerides consist of three (tri) molecules 
of fatty acids combined with a molecule of 
the alcohol, glycerol.  


 Triglycerides are a form of fat carried by 
lipoproteins through the blood stream. 


 There are 2 sources of Triglycerides ,  from fats in the 
diet(exogenous) , and the liver synthesizes (endogenous).  


 The normal level of triglycerides is less than 150 mg/dl. It may 
help predict heart attack risk.. 
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 Elevated level of triglycerides is one of the easiest problems to 
correct with appropriate diet by simple restriction of sugars, and 
fat. 


 
Clinical background: 
     Abnormalities in absorption of lipids: 
    
 Defective digestion: in steatorrhea , daily excretion of fats in feaces is  
more than 6 g per day ,it is due to chronic disease of the pancrease, unsplit 
fats is seen in feaces . 
  


 


Estimation of triglycerides in the serum 
 
 
Principle: 


The triglycerides in the serum sample are hydrolyzed enzymatically by 
the action of lipase to glycerol and fatty acids. The glycerol formed is 
converted to glycerol phosphate by glycerol kinase (GK).  Glycerol 
phosphate is then oxidized to dihydroxyacetone phosphate by glycerol 
phosphate oxidase (GPO). The librated hydrogen peroxide is detected 
by a chromogenic acceptor, chlorophenol-4-aminoantipyrine, in the 
presence of peroxidase (POD). The red quinone formed is proportional 
to the amount of triglycerides present in the sample. 


 


 
 Lipase   


Triglycerides            Glycerol          + fatty acids 
    
 GK   


Glycerol + ATP       Glycerol-3-P       + ADP 
    
 GPO   


Glycerol-3-P         Dihydroxyacetone-P  + H2O2 


    
 POD   


2 H2O2 +  
       chlorophenol + 4-AP 


 
      Red quinone       + 4H2O 
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BCM 221 


BIOCHEMISTRY II  
Week 4 Practical 


“Colorimetric Estimation of Cholesterol in the serum” 
____________________________________________________ 


 


What is cholesterol?  
 
Cholesterol is a waxy substance that is 
produced by the liver. Cholesterol is 
necessary for building cell membrane 
and for the synthesis of many essential 
hormones. 
 
 
 
 
There are two main types of cholesterol that can affect our health:                                                                              
 
"Bad" cholesterol: 
 Low-density lipoproteins (LDL) carry cholesterol 
from the liver to the rest of the body. When there is 
too much LDL cholesterol in the blood, it can be 
deposited on the walls of the coronary arteries and 
put the body at risk for heart disease.  
 
 
 
 
"Good" cholesterol:  
High-density lipoproteins (HDL) can actually help remove 
cholesterol from the body. The HDL collect excess 
cholesterol from cells and transport it to the liver where it is 
oxidized to bile acids for disposal via the bile ducts.  
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Normal value of cholesterol : 
 
The desirable level of total cholesterol in the blood is less than 200 mg/dl.  
However, cholesterol is sometimes expressed as a ratio of total cholesterol 
to HDL, the goal is to keep the ratio below 5:1.                                      
 
Source: 
  
Cholesterol is either obtained from the diet or synthesized completely from 
acetyl CoA in human body: 


A-Sources in the diet: Food that is derived from animal products contajn 
cholesterol e.g. Egg, meats, and dairy prouduct such as butter, cheese and 
cream. Some of cholesterol contained in these animal prouducts is in the 
form of cholesterol esters. Therefore, the ordinary diet contains a mixture of 
cholesterol and cholesterol esters.                                   


 


 B-Sources in humans: Cholesterol in humans is synthesized by virtually all 
tissues, although liver , intestine, adrenal cortex, and reproductive tissue 
including ovaries, testes and placenta, make the largest contributions to the 
body‛s cholesterol pool.                                                                     


 


Biological importance  


 


Cholesterol performs a number of essential functions in the body: 


1. It is an essential component of plasma membrane     and animal cells, it 
makes up a large proportion of the lipids of plasma membrane.  


2. It plays major role in regulating membrane fluidity.  


3. Cholesterol is a precursor of bile salts. Its conversion to bile salts is the 
main catabolic pathway.  


4. Cholesterol serves as a substrate for some hormone synthesis. Although 
the amount of cholesterol converted into steroid hormones is small in terms 
of total cholesterol utilization, these reactions are of enormous importance 
in terms of body functions.  


5. Cholesterol is also a precursor of vitamin D3 (cholecalciferol). 
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Causes of hypercholesterolemia : 
 
1- Hypothyroidism.  
2- Diabetes mellitus.  
3- Nephrotic syndrome.  
4- Cholestasis.  
5- Xanthoma.  
 


                                        Clinical Background  
 


Hypercholesterolemia:  
 
It means a level of cholesterol in blood is 
above normal. In this condition, cholesterol 
deposits inside arteries and forms a plaque. 
Plaques can narrow an artery enough to slow 
or block blood flow, this process known as 
atherosclerosis and commonly occurs in 
arteries that nourish the heart coronary 
arteries.  


 
 


 
When the heart muscles fail to get enough blood,and thus the oxygen and 
nutrients they need, the result may be a chest pain known as angina. In 
addition, plaques can rupture causing the formation of blood clots that may 
lead to heart attack, stroke or sudden death.           
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                         Estimation of cholesterol in the serum  
 
Principle: 
 
In the presence of cholesterol esterase, cholesterol esters in the serum sample 
are hydrolyzed to cholesterol and free fatty acids.  
 


 
 
 
 


The cholesterol produced is oxidized by cholesterol oxidase to cholestenone 
and hydrogen peroxide.  
 


 
 
Hydrogen peroxide is detected by a chromogenic oxygen acceptor, phenol-4-
aminoantipyrine, in the presence of peroxidase.  
 


 
 
The red quinone formed is proportional to the amount of cholesterol present in 
the sample.                           
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BCM221 


BIOCHEMISTRY II 


Week 8 Practical 


“Colorimetric estimation of uric acid in plasma” 
__________________________________________ 


Uric acid is produced by the breakdown of purines, which are essential 
components of nucleic acids (DNA and RNA) as well as other important 
biomolecules such as ATP, cyclic AMP and NADH.  


Purines are found in high concentration in meat and meat products. 
Examples of high purine sources include: liver, beef kidneys, brains, meat 
extracts, anchovies, sardines, herring and mackerel. A moderate amount of 
purine is also contained in poultry, fish, lentils, dried peas and beans. Plant 
based diet is generally low in purines.  
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The aim of this practical session is to: 


1. Obtain a simplified knowledge about the clinical conditions related to the 
alterations of uric acid level in plasma. 


2. Determine the concentration of uric acid in plasma samples of different 
individuals and comment on the cases. 


 
 


Normal value: 


The normal value of uric acid in human plasma:  


In males: 3 - 7 mg/dl. 


In females: 2 – 6 mg/dl. 


 
 


Clinical significance: 


A. In some cases, the level of uric acid is higher than 7 mg/dl; this is known 
as hyperuricemia which may be due to: 
1. High intake of purine-rich food. 
2. Impaired excretion of uric acid by the kidney. 
3. Increased metabolism of nucleoproteins. 
4. Chemotherapy-related side effects (due to the break down of tumor 


cells and release of purines).   
5. Stress or excessive exercise. 
6. Toxemia of pregnancy. 
 


Hyperuricemia may lead to: 


1- Gout (Disease of the kings): the term “gout” comes from the latin word 
“gutta” meaning “a drop” which describes the large lump of urate deposits. 
Gout is a chronic type of inflammatory arthritis in which uric acid crystals 
accumulate in the joints causing severe inflammation. It usually affects the 
joint of the big toe; other joints can be affected including ankles, knees and 
elbows. A gout attack usually happens at night characterized by severe 
pain, redness, warmth and marked tenderness of the joint. Most forms of 
gout can be treated by administering a compound known as “allopurinol” 
which is structurally related to hypoxanthine and can strongly inhibit 
“xanthine oxidase” preventing the formation of uric acid. 
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Uric acid crystals in big toe joint X-ray of gouty uric acid deposit in the big toe (left) 


 


 
  
2- Formation of kidney stones: most uric acid is removed by the 


kidneys and disposed of in the urine; uric acid crystals may block 
the kidney filtering tubules leading to renal failure. 


 


 


 


 


Uric acid/apatite  
kidney stones 


Uric acid crystals in a 
urine sample 


 
  


B. In other cases, the level of uric acid is lower than 3 mg/dl; this is known 
as hypouricemia which may be due to some liver or kidney diseases; 
hypouricemia is much less common than hyperuricemia. 


 


 
 


Estimation of uric acid in plasma 


Principle: 
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The method used is a colorimetric enzymatic method. Uric acid is 
oxidized by uricase enzyme to allantoin with the formation of hydrogen 
peroxide. In presence of peroxidase enzyme, hydrogen peroxide can 
oxidize a mixture of ADPS and 4-aminoantipyrine (4-AA) to form a 
quinoneimine dye proportional to the concentration of uric acid and 


could be determined colorimetrically at max 550 nm. 


 uricase   
Uric acid + O2 + 2H2O       Allantoin     + H2O2 


    
 H2O2   


4-AA + ADPS     Quinoneimine  + 4H2O 
 POD   


  


Precautions before uric acid estimation: 


1. The patient should not eat or drink anything for 4 hours before the test. 
2. The patient must stop taking any drugs that may affect the results of 


the test (e.g. aspirin, vitamin C, diuretics and any sedatives or 
analgesics with strong reducing properties that compete with 
peroxidase for hydrogen peroxide).                                                                                                                                                      


 


Practical: 


1. Blood is drawn from a vein and transferred into a centrifuge tube 
containing an anticoagulant and plasma is obtained by centrifugation of 
blood for 10 minutes. 
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2. In a clean dry test tube, using a proper automatic pipette, add 50 μl of 
distilled water (blank) or standard uric acid solution (standard) or 
plasma (test), then with another proper automatic pipette add 1 ml of 
Monoreagent (the monoreagent is composed of: uricase enzyme, 
peroxidase enzyme, 4-AA, ADPS and buffer to adjust pH at 7). 


 


 Blank Standard Test 


Distilled water 25 μl ___ ___ 


Standard  ___ 25 μl ___ 


Plasma  ___ ___ 25 μl 


Monoreagent 1 ml 1 ml 1 ml 


 Mix the content of each tube and incubate for 5 min at 37 °C using a 
water bath. 


 Remove test tubes from the water bath. 


 Measure the absorbance of the final color of unknown and standard 


against Blank at max 520nm, the color is stable for 30 minutes 
protected from light. 


 Calculate the concentration of uric acid in the provided sample using 
the absorbance reading of standard uric acid and applying the 
following equation: 


 


 


 Comment on the case. 


 Ctest  =  Cstd    Atest / Astd 









