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in the Department of Medical Laboratory Science, Faculty of Basic Medical Sciences, College of 

Medical Sciences,  Edo University, Iyamho – Nigeria. 

 

Prof. MF Olaniyan teaches Basic Clinical Chemistry to 300 Level students on Bachelors of 

Medical Laboratory Science programme at every First semester. The course code is MLS 309 

which is a 3unit course. The course provides basic knowledge in Clinical Chemistry required for 

an advance training and acquisition of specialized skills later in the programme. 

 

 

Clinical Chemistry/Clinical Biochemistry/Chemical Pathology is a medical science that involves 

the  analysis of biochemical parameters  in body fluids, tissues, excretions and other body wastes 

for the purpose of laboratory diagnosis of disease, treatment,  research, crime detection   and 

therapeutic drug monitoring.  
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Course outline 

1. Traditional and S. 1 units in clinical chemistry;  

2. Reference values 

3. Gastric function test 

4. Agents for Gastric stimulation.  

5. Ward procedures and laboratory investigation of Gastric secretion: 

6. Intestinal function tests  

7. Digestion and absorption;  

8. Causes of Malabsorption. 

9. Laboratory investigation of malabsorption. 

10. Renal functions of the kidney  

11. Measurement of Renal plasma flow 

12. Glomerular filtration rate 

13. Creatinine clearance, insulin clearance, concentration and dilution tests;  

14. Urinary, acidification tests 

15. Urine specific gravity/Osmolarity.  

16. Dye Excretion test.  

17. Water and Electrolyte status.  

18. Blood buffers.  

19. Transport of blood gases; assessment of acid/base status 

20. Lipids; definition and types of lipids; formation of free fatty acids, 

21. Ketone bodies and lactate; measurement of plasma lipids and lipoprotein 

22. Plasma proteins and physiology functions 

23. Factors affecting synthesis and catabolism.  

24. Methods for the determining of total protein in serum  

25. Carbohydrate metabolism;  

26. Blood glucose homeostasis, 

27. Hyperglycemia diabetes mellitus-its cause and investigation:  

28. Hypoglycemia—types causes and investigation 

 

Aim and Objective 

To provide adequate background knowledge for students in Clinical Chemistry which should be 

adequate enough for students to be able to pass the first professional examination and as a 

prerequisite learning experience required for those who may be interested in Chemical 

pathology/Immunology specialty.  

Expectations 
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At the end of the teaching, students must have acquired learning experiences in the under-listed 

areas that will be applicable in examinations and in professional practice  

1. Basic concepts in Clinical Chemistry 

2. Unit of measurements 

3. Metabolism of carbohydrate, Fat/Lipids and proteins 

4. Abnormalities and laboratory diagnosis of metabolic disorders 

5. Gastrointestinal tract   functions and the associated laboratory assessment 

6. Renal/Kidney  functions and the associated laboratory assessment 

7. Liver  functions and the associated laboratory assessment 

8. Laboratory methods and techniques 
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LECTURE SERIES   3- 9 

DIGESTION AND ABSORPTION OF FOODS 

Carbohydrates 

- Broken down to monossacharides: Sucrose to glucose + fructose, Lactose to Galactose, 

starch finally to Glucose. 

- Absorbed as monossacharrides  in small intestine through Na+ dependent co-transport 

facilitated by diffusion  

Proteins 

- Broken down to amino acids and peptides 

- Absorbed in small intestine through Na+ dependent co-transport for amino acids and H+ 

dependent co-transport for di and tripeptides 

Lipids 

- Broken down to fatty acids, monoglycerides and cholesterol 

- Absorbed in small intestine through micelles formed with bisalts in the intestinal lumen 

facilitated by diffusion of  fatty acids, monoglycerides and cholesterol into the cells 

Water Soluble vitamins 

- Absorbed in small intestine through Na+ dependent co-transport 

Vitamin B12 

Absobed in ileum utilizing intrinsic Vitamin - B12  complex 

Bile acids 

Absobed in ileum through Na+ dependent co-transport 

Ca2+ 

Absorbed in the small intestine it is  vitamin D  dependent () 

Fe2+  

On digestion Fe3+ is reduced to Fe2+  
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Absorbed in small intestine by binding to apoferitin in cells and circulates in blood by binding to 

transferrin 

In the Stomach 

- Pesinogen to Pepsin in the presence of HCL 

- Protein converted to Peptones + Proteoses 

Small intestine 

- Trypsinogen is digested to trypsin in the presence of enterokinase 

- Trypsin influences conversion of chymotrypsinogen to chymotrypsin and 

procarboxypeptidase to carboxypeptidase 

- Proteins, Peptones, Proteoses are converted to dipeptides in the presence of 

trypsin/chymotrypsin and carboxypeptidase 

- Dipeptides are digested to amino acids in the presence of dipeptidase  

- PEPTONES means  larger peptides 

- PROTEOSES means smaller peptides 
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GASTRIC FUNCTION TESTS 

What ever food or drink we consume is sent to stomach where it is stored for further degradation. 

The stomach is a major organ of digestion and performs the following functions: 

1. Stomach is a reservoir of ingested food. 

2. It has a great churning ability which promotes digestion. 

3. Stomach elaborates HCl and proteases which are responsible for the initiation of 

digestive process. 

4. The products obtained in the stomach stimulate the release of pancreatic juice and bile. 

 

Significance of Gastrointestinal Function Tests 

They are useful in the diagnosis of the following 

a. Gastric-ulcer/ Peptic-ulcer 

b. Pernicious anaemia 

c. Zollinger Ellison Syndrome 

d. Completion of surgical vagotomy 

  

Secretion of gastric HCl 

The parietal cells of gastric glands produce HCl. The pH in the gastric lumen is as low as 0.8 

(against the blood pH 7.4). Therefore, the protons are transported against the concentration 

gradient by an active process. 

A unique enzyme called K+ activated ATPase present in the parietal cells is connected with the 

mechanism of HCl secretion. The process involves an exchange of H+ ions (of the parietal cells) 

for K+ ions (of the lumen). This is coupled with the consumption of energy, supplied by ATP. 

The H+ are continuously generated in the parietal cells by the dissociation of carbonic acid, 

which in turn, is produced from CO2. The bicarbonate ions (HCO3
-), liberated from the carbonic 

acid (H2CO3) dissociation, enter the blood in exchange for Cl- ions. The latter diffuse into the 

gastric lumen to form HCl. Gastrin,a peptide hormone of gastrointestinal tract, stimulates HCl 

secretion. 
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Following a meal, there is a slight elevation in the plasma bicarbonate concentration which is 

linked to the gastric HCl secretion. This is referred to as alkaline tide 

The 4 main tests for assessment of gastric function are:  

1. Examination of Resting Contents 

 2. Fractional Gastric Analysis using Test Meals 

 3. Examination of Contents after Stimulation  

4. Tubeless Gastric Analysis. 

 

 

 Examination of Resting Contents 

After an  overnight  fasting  the stomach contents are completely collected  using  Ryle tube 

i. Volume: 

 Normal volume:  20 to 50 ml of resting contents. 

 Increase in volume can be caused hypersecretion of gastric juice, retention of gastric 

contents owing to delayed emptying of the stomach, and regurgitation of the duodenal 

contents. 

ii. Consistency: 

 Normal gastric juice is fluid and does not contain  food residue and may contain small 

amounts of mucus. 

 Food residues are present in case of carcinoma of the stomach. 

 

iii. Colour: 

 Normally it could be colourless,  or  slightly yellow or green due to regurgitation of bile 

from duodenum. 

 A dark red or brown colour indicates altered blood or fresh-blood. 

 

iv. Bile: 

Increased quantities of bile can be as a result of intestinal obstruction or  stasis. 
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v. Blood: 

Normally no blood  

Presence of small amount of fresh blood may be traumatic. 

Brown or reddish-brown blood may occur in gastric ulcer and sometimes in gastric carcinoma 

due to the formation of dark brown acid hematin as a result of the hemolysis of red blood cells 

by HCl. 

 

(d) Bleeding may also occur from gastritis. 

 

vi. Mucus: 

 

(a) A small amount of mucus may be present in normal cases. 

 

(b) Increased amount of mucus is present in gastritis and in gastric carcinoma. Presence of 

mucus is inversely proportional to the amount of HCl present. 

 

(c) Swallowed saliva may contain excess of mucus. 

 

vii. Free and Total Oddity: 

 

(a) The acidity is determined by titration with a standard solution of NaOH using methyl orange 

or Topfer’s reagent which indicates end point by the change of red to yellow colour or using 

phenolphthalein indicator which shows end point by the change of yellow to red colour. 

(b) The presence of the amount of free HCl is free acidity; the complete titration shows the total 

acidity which is composed of protein hydrochloride and any organic acid; the difference 

between two titrations gives the combined acid. 

(c) The result is expressed as ml of 0.1 N HCl per 100 ml of gastric contents. This is same as 

mEq/litre. This figure is obtained by multiplying the above titration by 10. 
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(d) The normal values of free acid is 0 to 30 mEq/L and that of total acid is 10 to 40 mEq/L. 

viii. Organic Acids: 

(a) The presence of large amounts of lactic acid and butyric acid in achlorhydria and 

hypochlorhydria indicates the remaining of residual foods in the stomach. In absence of HCl, 

the microorganisms ferment the food residues producing lactic acid and butyric acid, (b) 

Achlorhydria is associated with retention of food residues and is found in carcinoma stomach. 

Test  2. Fractional Gastric Analysis using Test Meals: 

This consists of: 

i. Introduction of Ryle’s tube in stomach of a fasting individual. 

ii. Analysis of residual gastric contents after collection. 

iii. Ingestion of test meal. 

 

iv. Collection of 5 to 6 ml gastric contents after meal by aspiration using a syringe and analysis 

of the samples. 

(i) Test Meals: 

(a) Oatmeal is prepared by adding 2 tablespoonful’s of oat meal to one quart of boiling water. 

(b) “Ewald” test meal consists of two pieces (35 gm.) of toast and 250 ml light tea. 

(c) Either of the meal is consumed by the patient and either of the tubes in introduced after one 

hour. 

Fractional Test Meal 

(ii) Collection of Samples: 

(a) About 10 ml gastric contents are collected at an interval of exactly 15 minutes by means of 

syringe attached to the tube. 

(b) If the stomach is not empty at the end of 3 hours, the remaining stomach contents are 

removed and the volume is also noted. 

(c) Each sample is strained through a fine cloth. 

(d) The strained samples are analysed for free and total acidity and the residue on the cloth is 

examined for mucus, bile, blood, and starch. 
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(iii) Results and Interpretation: 

(a) In normal health, after taking the meal, the free acid is found after 15 to 45 minutes . The 

free acid then steadily rises to reach the maximum at about 15 minutes to 1/2 hour, after which 

the concentration of free acid begins to fall. The free acid ranges from 15 to 45 mEq/litre at the 

maximum with total acid at about 10 units higher. Blood is not present and appreciable amount 

of bile is also not present. 

(b) In hyperchlorhydria, free acidity exceeds 45 mEq/litre but the combined acidity remains the 

same as in normal persons. Hyperacidity is found in duodenal ulcer in which a climbing type of 

curve is formed in gastric ulcer in which 50 per cent cases give normal results, and blood may be 

present, in gastric carcinoma in which small percentage show hyperacidity and blood, in jejunal 

and gastrojejunal ulcers in which there may be hyperacidity after operation. 

(c) In hypochlorhydria, low acidities are found in carcinoma of stomach and in atonic dyspepsia. 

Free HCl is absent in gastric secretion in pernicious anemia. 

(d) In achlorhydria, no HCl secretion but pepsin is present. 

(e) In achylia gastrica, gastric secretion is completely absent due to advanced cases of cancer of 

stomach, advanced cases of gastritis, and acute pernicious anemia. 

Test  3. Examination of Contents after Stimulation: 

A. Alcohol Stimulation: 

(i) The Ryle’s tube is passed into the stomach after overnight fast and resting contents are 

collected for analysis. 

(ii) 100 ml of 7 per cent ethyl alcohol is administered. Samples of gastric contents are collected 

at an interval of 15 minutes and all the samples are analysed for free and total acidity, peptic 

activity, presence of bile, blood and mucus. 

(iii) The advantages of alcohol test meal are the followings: 

(a) More easily administered and prepared. 

(b) Consumed better. 

(c) The gastric response is more rapid and more intense. 

(d) Quick emptying of the stomach. 

(e) Specimens are clear and easily analysed. 

(iv) The disadvantages of this test are: 
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(a) Stimulus with alcohol is more vigorous. 

(b) Stimulus is not so strictly physiological. 

(c) Free acidity levels are higher and normal limits are wider. 

Caffeine Stimulation: 

(i) The Ryle’s tube is introduced into the stomach after overnight fast and the resting gastric 

contents are collected and analysed. 

(ii) Caffeine sodium benzoate (500 mg dissolved in 200 ml of water) is administered 

orally. Samples of stomach contents are collected at an interval of 15 minutes and analysed for 

free and total acidity, peptic activity, presence of bile, blood and mucus. 

(iii) Advantages of this stimulation is similar to that of alcohol stimulation. 

C. Histamine Stimulation test: 

Histamine is a powerful stimulant for the secretion of HCl in the normal stomach. It increases 

the cAMP level which causes the increased secretion of highly acidic gastric juice with low 

pepsin content. 

(i) Standard histamine test: 

(a) The Ryle’s tube is passed into the stomach after overnight fast and the stomach contents are 

collected for analysis. 

(b) A subcutaneous injection of histamine (0.01 mg/kg body weight) is inserted. 10 ml stomach 

contents are collected at an interval of 10 minutes for one hour and samples are analysed for free 

and total acidity, peptic activity, presence of bile, blood and mucus. 

(c) Achylia gastrica (“true” achlorhydria) is indicated by the absence of free HCl in the secretion 

after histamine administration. More juice may be secreted in duodenal ulcer. 

(ii) Augmented histamine test: 

 

It is a more powerful stimulus test and it shows an inability to secrete acid. Larger doses of 

histamine sometimes causes an unwanted severe reactions. 
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(a) The Ryle’s tube is introduced after an overnight fast and the gastric contents are collected for 

analysis. The resting contents are collected at an interval of 20 minutes for an hour. Halfway of 

this period, 4 ml anthisan is given intramuscularly. 

(b) At the end of the hour, histamine (0.04 mg histamine acid phosphate per kg body weight) is 

given subcutaneously and gastric contents are collected at an interval of 15 minutes for one hour 

for analysis. 

(c) In pernicious anemia, no free HCl is secreted after histamine stimulation. In duodenal ulcers, 

higher values of acid are obtained. 

(d) Recently, histalog is used in place of histamine. No side effects like histamine are observed 

by its use. The recommended dose of histamine is 10 to 50 mg. This histalog is highly effective 

in stimulating gastric secretion. 

D. Insulin Stimulation Test: 

Hypoglycemia due to insulin administration is an active stimulus of gastric acid secretion. The 

blood sugar level below 45 mg per cent is essential for a reliable test. 

(i) The Ryle’s tube is passed into the stomach after an overnight fast and the stomach is made 

empty. 

(ii) 15 units of soluble insulin is injected intravenously and about 10 ml gastric contents are 

collected at an interval of 15 minutes for 2 ½ hours. The samples are analysed for free and total 

acidity, peptic activity, and presence of blood, bile, starch. Starch should not be present. 

(iii) In duodenal ulcer, acid level is more in response to insulin. The concentration of free acid 

may be over 100 mEq/litre. After vagotomy no response of insulin is found and the gastric 

acidity remains at 15 to 20 mEq/litre before and after insulin injection. 

. Pentagastrin Test: 

Pentagastrin is a synthetic peptide and it is butyl-oxy-carbonyl β-alanine. It is an active 

stimulator. 

(i) The Ryle’s tube is passed into the stomach after an overnight fast and the resting contents are 

completely removed. After emptying the stomach two 15 minute specimens are collected to have 

the “basal secretion”. 

(ii) Pentagastrin (6µg/kg body weight) is injected subcutaneously and specimens are collected at 

an interval of 15 minutes for analysis. 

(iii) The normal basal secretion rate is 1 to 2.5 mEq/hour. The maximum secretion in normal 

person after pentagastrin stimulus varies from 20 to 40 mEq/hour. 
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(iv) In duodenal ulcer, the range is 15 to 83 mEq/hour. This test is of little value in gastric ulcer. 

The “true” achlorhydria is found in cancer of the stomach. The reduced acid level is observed in 

acute gastritis. The “true” achlorhydria is also noted in Pernicious anemia. The Zollinger- 

Ellison syndrome is characterised by a high basal secretion usually above 10 mEq/hour and no 

further rise is found after giving Pentagastrin. 

This syndrome is characterised by peptic ulcer, gastric hyper-secretion and diarrhoea in patient 

with “gastrin”. This syndrome is also accompanied by parathyroid adenomas with 

hyperparathyroidism. The secretion of pepsin occurs after stimulation with pentagastrin. 

 

Test 4. Tubeless Gastric Analysis: 

The modified test is done with the introduction of “DiagnexBlue” prepared by reacting 

carbacrylic cation exchange resin with “Azure A” an indicator. The hydrogen ions of the resin is 

exchanged with “Azur A” ions. 

The reaction is reversed in the stomach when acid is in a concentration having pH less than 3.0. 

The indicator “Azur A” is released by the action of acid. The released one is absorbed in the 

small intestine and excreted in the urine, the colour of which is matched with known standards. 

 

This test is valuable if it is used as “screening test” only. A positive result indicates the secretion 

of acid by the stomach. A negative result is an unreliable indicator of “true” achlorhydria. 

This test is not reliable in patients suffering from renal diseases, urinary retention, 

malabsorption, pyloric obstruction. Vitamin preparation should not be taken on the day 

proceeding the test which may contain substances decolorized by vitamin C. 
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ABNORMALITIES OF GASTRIC FUNCTION: 

Increased Gastric HCl:  

1. Zollinger – Ellison Syndrome (a tumor of gastrin secreting cells of the pancreas) 

2. Chronic duodenal ulcer 

3. Excessive histamine production  

Decreased Gastric HCl:  Gastritis, gastric carcinoma, pernicious anaemia. 

 

 Lactose Tolerance Test – 
 50 gm lactose in 200 ml of water 

 Blood specimen at Fasting, 30, 60 and 120 minutes. 

 Normal : More than 30mg/dL. 

 20-30mg/dL borderline and <20mg/dL - lactase deficiency 

 

 

D-Xylose absorption test – 
 25 gm (0.5 gm/kg body weight in children) in 250ml  water 

 blood level after 30’, 1 hr and 2 hrs.      (<25 mg/dL abnormal). 

 urine for 5 hrs (normally 4 gm excretion) (> 20%) 

 normal blood concentration with decreased urinary excretion ---> renal impairment/ 

incomplete urine collection 

 

To differentiate pancreatic steatorrhoea and malabsorption steatorrhoea 

Serum carotenoids – 
e.g. lycopene, xanthophyll and carotene malabsorption   

carotenoids  (normal ranges 50 - 250mg/dL) 

 

Fecal fat analysis – 
 

 normally 1 - 4gm/ 24 hrs (lipid free diet) 

 < 7gm / (lipid rich diet) 

Abnormal values in: 

 excretion in biliary obstruction 

 exocrine pancreatic insufficiency 

 diseases of small intestine 

 

 

Qualitative screening test – 
 Sudan staining for fecal fat 

 Normally 40 to 50 small neutral lipid droplets/ high power 

 

 

Quantitative fecal fat analysis – 
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 72 hrs stool collection 

 lipid rich diet for 2 days prior to test 

 50 – 100 gm of lipid each day 

 reference range – 1 to 7gm/ 24 hrs  

 

 

Fecal fat test 

Fecal fat test is a laboratory test for fat malabsorption  that can  lead to excess fat in the feces 

(steatorrhea). 

 

For a 72-hour stool collection involves  consuming 50-150 grams of fat a day in diet for 2-3 days 

prior to and during the stool collection period. 

A random stool collection; sometimes a 72-hour stool collection 

Quantitative fecal fat tests measure and report an amount of fat. This usually done over a period 

of three days, the patient collecting all of their feces into a container. 

The container is thoroughly mixed to homogenize the feces, without using specific mixer 

equipments. A small sample from the feces is collected. The fat content is extracted with 

solvents and measured by saponification (turning the fat into soap). 

Normally up to 7 grams of fat can be malabsorbed in people consuming 100 grams of fat per 

day. In patients with diarrhea, up to 12 grams of fat may be malabsorbed since the presence of 

diarrhea interferes with fat absorption, even when the diarrhea is not due to fat malabsorption. 

 

Stool analysis  

 Occult blood test, which is a standard medical test used to screen for colon cancer and 

other digestive system problems. 

 Microscopic exam and bacterial culture: As with a standard medical stool culture, a slide 

is made to check for the balance of bacteria and yeast and abnormal bacterial 

composition, as well as for white cells and red cells. This examination can also detect 

unusual amounts of fat and fiber. 

 Stool culture: As with a standard medical stool culture, a sample is cultured to look for an 

unusual bacterial composition. Some labs will use PCR technology to look for specific 

pathogens. 
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 Ova and parasite examination: This microscopic exam looks for parasites. 

 Chemical analysis for pH, enzymes, and other substances the practitioner thinks can shed 

light on various conditions. 

Intestinal Permeability Tests 

The Intestinal Permeability Assessment gastrointestinal test directly measures the ability of two 

non-metabolized sugar molecules to permeate the intestinal mucosa. The patient drinks a 

premeasured amount of lactulose and mannitol. The degree of intestinal permeability or 

malabsorption is reflected in the levels of the two sugars recovered in a urine sample collected 

over the next 6 hours. 

Intestinal Permeability Assessment is a powerful noninvasive gastrointestinal test assessment of 

small intestinal absorption and barrier function in the bowel. The small intestine uniquely 

functions as a digestive/absorptive organ for nutrients as well as a powerful immune and 

mechanical barrier against excessive absorption of bacteria, food antigens, and other 

macromolecules. Both malabsorption and increased intestinal permeability ("leaky gut") are 

associated with chronic gastrointestinal imbalances as well as many systemic disorders. 

Increased intestinal permeability (leaky gut) of the small intestine can: 

 Increase the number of foreign compounds entering the bloodstream 

 Allow bacterial antigens capable of cross-reacting with host tissue to enter the 

bloodstream, leading to auto-immune processes 

 Enhance the uptake of toxic compounds that can overwhelm the hepatic detoxification 

system and lead to an overly sensitized immune system 

Leaky gut has been observed in a range of disorders such as: 

 Inflammatory Bowel Disease (IBD) 

 Food allergy 

 Inflammatory joint disease 

 Chronic dermatologic conditions 

The Test 

The standard test for leaky gut syndrome is the mannitol and lactulose test. Both are water-

soluble molecules that the body can't use. Mannitol is easily absorbed by people with healthy 

intestinal linings. Lactulose is a larger molecule and is only slightly absorbed. A person drinks a 

solution contain both mannitol and lactulose. Urine is collected for six hours and the amount 

present in urine reflects how much was absorbed by the body. A healthy test shows high levels of 

mannitol and low levels of lactulose. If high levels of both molecules are found, it indicates a 

leaky gut condition. If low levels of both molecules are found, it indicates general malabsorption 

of all nutrients. 
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Malabsorption Syndrome 

The main role of the small intestine is to absorb nutrients from the food we eat into the 

bloodstream. Malabsorption syndrome refers to a number of disorders in which the small 

intestine can’t absorb enough of certain nutrients and fluids. 

Nutrients that the small intestine often has trouble absorbing can be macronutrients (proteins, 

carbohydrates, and fats), micronutrients (vitamins and minerals), or both. 

Causes of malabsorption syndrome 

Many things can lead to malabsorption syndrome, from certain diseases to infections or birth 

defects. 

Possible causes 

Factors that may cause malabsorption syndrome include: 

 damage to the intestine from infection, inflammation, trauma, or surgery 

 prolonged use of antibiotics 

 other conditions such as celiac disease, Crohn’s disease, chronic pancreatitis, or cystic 

fibrosis 

 lactase deficiency, or lactose intolerance 

 certain defects that are congenital, or present at birth, such as biliary atresia, when the 

bile ducts don’t develop normally and prevent the flow of bile from the liver 

 diseases of the gallbladder, liver, or pancreas 

 parasitic diseases 

 radiation therapy, which may injure the lining of the intestine 

 certain drugs that may injure the lining of the intestine, such as tetracycline, colchicine, 

or cholestyramine 

The syndrome may also be caused by digestive problems. The stomach may not be able to 

produce the enzymes it needs to digest certain foods. Or the body may not be able to mix the 

food we eat with the enzymes and acid produced by the stomach. 

Rare causes 

https://www.healthline.com/health/food-nutrition/six-essential-nutrients
https://www.healthline.com/human-body-maps/small-intestine
https://www.healthline.com/health/small-bowel-resection
https://www.healthline.com/health/infection/antibiotic-side-effects
https://www.healthline.com/health/celiac-disease-sprue
https://www.healthline.com/health/crohns-disease
https://www.healthline.com/health/chronic-pancreatitis
https://www.healthline.com/health/cystic-fibrosis
https://www.healthline.com/health/cystic-fibrosis
https://www.healthline.com/symptom/lactose-intolerance
https://www.healthline.com/health/birth-defects
https://www.healthline.com/human-body-maps/liver
https://www.healthline.com/health/gallbladder-problems-symptoms
https://www.healthline.com/human-body-maps/pancreas
https://www.healthline.com/health/parasitic-infections
https://www.healthline.com/health/radiation-therapy
https://www.healthline.com/health/colchicine-oral-tablet
https://www.healthline.com/health/cholestyramine-oral-suspension
https://www.healthline.com/health/why-are-enzymes-important
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There are also some uncommon disorders that can result in malabsorption. One of these is 

called short bowel syndrome (SBS). 

With SBS, the small intestine is shortened. This makes the intestine less able to absorb nutrients. 

SBS may be a birth defect, or it may be caused by surgery. 

Certain diseases may cause malabsorption. These include tropical sprue, a condition most 

common in the Caribbean, India, and other parts of Southeast Asia. This disease may be related 

to environmental factors, such as toxins in food, infection, or parasites. 

An even rarer potential cause of malabsorption is Whipple’s disease, which is a result of a 

bacterial infection. 

Recognizing the symptoms of malabsorption syndrome 

 Fats :  light-colored, foul-smelling stools that are soft and bulky. Stools are difficult to 

flush and may float or stick to the sides of the toilet bowl. 

 Protein :  dry hair, hair loss, or fluid retention. Fluid retention is also known 

as edema and will manifest as swelling. 

 Certain sugars : bloating, gas, or explosive diarrhea. 

 Certain vitamins :  anemia, malnutrition, low blood pressure, weight loss, or muscle 

wasting. 

Malabsorption may affect people based on age or gender. For instance, women may stop 

menstruating, and children may not grow properly. Their weight or rate of weight gain may 

be significantly below that of other children of a similar age and gender. Another sign of 

malabsorption in children is that they may avoid certain foods. 

 

Risk factors for malabsorption syndrome include: 

 a family history of cystic fibrosis or malabsorption 

 drinking large amounts of alcohol 

 intestinal surgery 

 use of certain medications, including laxatives or mineral oil 

 travel to the Caribbean, India, and other parts of Southeast Asia 

 

https://www.healthline.com/health/short-bowel-syndrome
https://www.healthline.com/health/tropical-sprue
https://www.healthline.com/nutrition/7-food-toxins-that-are-concerning
https://www.healthline.com/health/whipples-disease
https://www.healthline.com/symptom/pale-stools
https://www.healthline.com/symptom/foul-smelling-stool
https://www.healthline.com/health/loose-stools
https://www.healthline.com/health/steatorrhea
https://www.healthline.com/symptom/stool-floats
https://www.healthline.com/health/sticky-poop
https://www.healthline.com/symptom/dry-hair
https://www.healthline.com/symptom/hair-loss
https://www.healthline.com/health/water-retention
https://www.healthline.com/symptom/edema
https://www.healthline.com/symptom/abdominal-bloating
https://www.healthline.com/symptom/flatulence
https://www.healthline.com/health/explosive-diarrhea
https://www.healthline.com/symptom/anemia
https://www.healthline.com/health/malnutrition
https://www.healthline.com/symptom/low-blood-pressure
https://www.healthline.com/symptom/unintentional-weight-loss
https://www.healthline.com/symptom/muscle-wasting
https://www.healthline.com/symptom/muscle-wasting
https://www.healthline.com/health/menstruation-absent
https://www.healthline.com/health/menstruation-absent
https://www.healthline.com/health/delayed-growth-symptom
https://www.healthline.com/nutrition/tips-for-picky-eaters
https://www.healthline.com/health/family-health-history-day
https://www.healthline.com/health/alcohol/effects-on-body
https://www.healthline.com/health/constipation/stool-softeners-laxatives
https://www.healthline.com/health/digestive-health/mineral-oil-for-constipation
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Laboratory Tests for Malabsorption 

Stool tests 

Stool tests can measure fat in samples of stool, or feces. These tests are the most reliable because 

fat is usually present in the stool of someone with malabsorption syndrome. 

Blood tests 

These tests measure the level of specific nutrients in the blood, such as vitamin B-12, vitamin 

D, folate, iron, calcium, carotene, phosphorus, albumin, and protein. 

A lack of one of these nutrients may not necessarily mean we have malabsorption syndrome. It 

can mean we’re not choosing foods with healthy levels of nutrients. Normal levels of these 

nutrients suggest that malabsorption is not the problem. 

Breath tests 

Breath tests can be used to test for lactose intolerance. 

If lactose is not being absorbed, it enters the colon. Bacteria in the colon break down the lactose 

and produce hydrogen gas. The excess hydrogen is absorbed from the intestine, into the 

bloodstream, and then into the lungs then  gas will be exhaled. 

Presence of hydrogen gas in breath after ingesting a product containing lactose may indicate  

lactose intolerance. 

Imaging tests 

Imaging tests, which take pictures of the digestive system, may be done to look for structural 

problems. For instance, the doctor could request a CT scan to look for thickening of the wall of 

the small intestine, which could be a sign of Crohn’s disease. 

Biopsy 

A biopsy will likely be done using an endoscopy. A tube is inserted into the mouth and sent 

through the esophagus and stomach and into the small intestine to take a small sample of cells. 

 

 

 

 

 

https://www.healthline.com/health/fecal-fat
https://www.healthline.com/health/vitamin-b12-level
https://www.healthline.com/health/25-hydroxy-vitamin-d-test
https://www.healthline.com/health/25-hydroxy-vitamin-d-test
https://www.healthline.com/health/folic-acid-test
https://www.healthline.com/health/serum-iron
https://www.healthline.com/health/calcium-ionized
https://www.healthline.com/health/serum-phosphorus
https://www.healthline.com/health/albumin-serum
https://www.healthline.com/health/total-protein
https://www.healthline.com/health/lactose-tolerance-tests#overview1
https://www.healthline.com/health/colorectal-cancer/important-bodily-functions-handled-by-the-colon
https://www.healthline.com/human-body-maps/lung
https://www.healthline.com/health/abdominal-ct-scan
https://www.healthline.com/health/endoscopy
https://www.healthline.com/human-body-maps/esophagus
https://www.healthline.com/human-body-maps/stomach
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LECTURE SERIES 10 - 16 

RENAL (KIDNEY) FUNCTION TEST 

The Kidney 

There are two kidneys in human being each contains one million nephrons. 

A kidney consists of the following parts:  

Nephrons 

Nephrons are the functional units of the kidney. They receive blood, metabolize food nutrients, 

and pass out waste products from the blood filtered by the glomerulus. Each kidney has about 1 

million nephrons.   

Renal corpuscle 

Blood entering a nephron pass into the renal corpuscle which is  also known  as Malpighian 

body. The renal corpuscle contains two additional structures: 

 The glomerulus. This is a cluster of capillaries that absorb protein from blood passing 

through the renal corpuscle. 

 The Bowman capsule. The remaining fluid, called capsular urine, passes through the 

Bowman capsule into the renal tubules. 

Renal tubules 

The renal tubules are a series of tubes that start immediately  after the Bowman capsule and end 

at collecting ducts. 

Each tubule has several parts: 

 Proximal convoluted tubule- which absorbs water, sodium, and glucose back into the 

blood. 

 Loop of Henle- that  further absorbs potassium, chloride, and sodium into the blood. 

 Distal convoluted tubule. This section absorbs more sodium into the blood and takes in 

potassium and acid. 
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By the time fluid  gets to  the end of the tubule, it is  diluted and filled with urea. Urea is a by-

product of protein metabolism  excreted  in urine. 

Renal cortex 

The renal cortex is the outer part of the kidney. It contains the glomerulus and convoluted 

tubules. 

The renal cortex is surrounded on its outer edges by the renal capsule, a layer of fatty tissue. 

Together, the renal cortex and capsule house and protect the inner structures of the kidney. 

Renal medulla 

The renal medulla is the smooth, inner tissue of the kidney. It contains the loop of Henle as well 

as renal pyramids. 

Renal pyramids 

Renal pyramids are small structures that contain strings of nephrons and tubules. These tubules 

transport fluid into the kidney. This fluid then moves away from the nephrons toward the inner 

structures that collect and transport urine out of the kidney. 

Collecting ducts 

There is a collecting duct at the end of each nephron in the renal medulla. This is where filtered 

fluids exit the nephrons. 

Once in the collecting duct, the fluid moves on to its final stops in the renal pelvis. 

Renal pelvis 

The renal pelvis is a funnel-shaped space in the innermost part of the kidney. It functions as a 

pathway for fluid on its way to the bladder 

Calyces 

The first part of the renal pelvis contains the calyces. These are small cup-shaped spaces that 

collect fluid before it moves into the bladder. This is also where extra fluid and waste become 

urine. 

Hilum 

The hilum is a small opening located on the inner edge of the kidney, where it curves inward to 

create its distinct beanlike shape. The renal pelvis passes through it, as well as the: 

 Renal artery. This brings oxygenated blood from the heart to the kidney for filtration. 
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 Renal vein. This carries filtered blood from the kidneys back to the heart. 

Ureter 

The ureter is a tube of muscle that pushes urine into the bladder, where it collects and exits the 

body. 

 

Kidney/Renal functions 

Renal/Kidneys functions include: 

1. The nephron make use of  the following  4 physiological  processes to alter the blood 

plasma that  flows   

a. filtration, 

b. reabsorption,  

c. secretion,  

d. and excretion.  

Filtration of waste materials from food, medications, and toxic substances takes place in the 

glomerulus as  1/5th  of the blood volume that  flows to  the kidneys is filtered. The following 

substances are reabsorbed : solute-free water, sodium, bicarbonate, glucose, and amino acids. 

Substances secreted include  hydrogen, ammonium, potassium and uric acid. 

2. Regulation of the  volume of various body fluid compartments,  

3. Regulation of fluid osmolality,  

4. Regulation of acid-base balance 

5. Regulation of electrolyte concentrations,  

6. Removal/excretion  of toxins. 

7.  Regulation of  blood pressure 

8. Other kidney functions independent of the nephron include: 

a. Conversion of  a precursor of vitamin D to its active form, calcitriol 

b. Synthesis of  hormones  which include erythropoietin and renin.    

Assessment of Renal Function (Renal/ Kidney Function Tests) 

An assessment of renal function may be required for several reasons: 

 To identify renal impairment. 

 To monitor disease progress. 

 To assess baseline measurements prior to starting treatment with certain drugs. 

 To monitor disease progress. 
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 The type of measurement of kidney function performed will be determined by the reason 

for assessing renal activity. 

 

 

Urine formation 

Average urine production in adult humans is about 1–2 litres (L) per day, depending on state of 

hydration, activity level, environmental factors, weight, and the individual's health. Producing 

too much or too little urine requires medical attention. Polyuria is a condition of excessive urine 

production (> 2.5 L/day). Oliguria when < 400 mL (millilitres) are produced, and anuria one of < 

100 mL per day. 

The first step in urine formation is the filtration of blood in the kidneys. In a healthy human the 

kidney receives between 12 and 30% of cardiac output, but it averages about 20% or about 1.25 

L/min. 

The basic structural and functional unit of the kidney is the nephron. Its chief function is to 

regulate the concentration of water and soluble substances like sodium by filtering the blood, 

reabsorbing what is needed and excreting the rest as urine. 

In the first part of the nephron, Bowman's capsule filters blood from the circulatory system into 

the tubules. Hydrostatic and osmotic pressure gradients facilitate filtration across a 

semipermeable membrane. The filtrate includes water, small molecules, and ions that easily pass 

through the filtration membrane. However larger molecules such as proteins and blood cells are 

prevented from passing through the filtration membrane. The amount of filtrate produced every 

minute is called the glomerular filtration rate or GFR and amounts to 180 litres per day. About 

99% of this filtrate is reabsorbed as it passes through the nephron and the remaining 1% becomes 

urine. 

The urinary system is regulated by the endocrine system by hormones such as antidiuretic 

hormone, aldosterone, and parathyroid hormone. 

Renal Function Tests 

Measurement of Gromerular Filteration Rate(GFR) 

a. Renal Clearance Tests 

b. Blood creatinine estimation 

c. Plasma Urea, Uric acids and beta2- micro-globulin 

Renal Tubular Function Tests 
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a. Osmolality measurement 

b. Specific proteinuria 

c. Determination of Glycosuria 

d. Test for Aminoaciduria 

Urinalysis 

 Appearance - blood, colour, turbidity. 

 Specific gravity - sticks measure ionic particles only, not glucose. 

 pH - normally acidic, except after a meal. 

 Glucose - the presence of glucose in urine may indicate increased blood glucose, or tubular 

disorder. 

 Proteinuria - the presence of protein in the urine may be caused by glomerular leak, raised 

serum low-molecular weight proteins, 

  Bence Jones' proteins, myoglobulin, or protein of renal origin.  

 National Institute for Health and Care Excellence (NICE) guidance highlights the importance 

of proteinuria as a marker for chronic kidney disease (CKD) which may be as significant as 

glomerular filtration rate (GFR), particularly in terms of determining the development of 

cardiovascular complications.  

 Microscopy - urinary tract infection will show polymorphs with no casts; acute 

glomerulonephritis will show cells and casts; chronic glomerulonephritis shows little 

sediment. 

 

Urine Concentration Test/ Water loading test/Water deprivation test 

 

A urine concentration test measures the ability of the kidneys to conserve or excrete water 

appropriately. 

For this test, the specific gravity of urine, urine electrolytes, and/or urine osmolality are measured 

before and after one or more of the following: 

 Water loading. Drinking large amounts of water or receiving fluids through a vein. 

 Water deprivation. Not drinking fluids for a certain amount of time. 

 ADH administration. Receiving antidiuretic hormone (ADH), which should cause the 

urine to become concentrated. 

 

 

Procedure 

 

For this test, the specific gravity of urine is measured before and after one or more of the 

following: 

 

Water loading -- drinking excessive amounts of water or receiving fluids through a vein 

Water deprivation -- avoiding fluids for a certain amount of time 

ADH administration -- receiving antidiuretic hormone (ADH), which should cause the urine to 

become concentrated 

https://patient.info/doctor/proteinuria-pro
https://patient.info/doctor/chronic-kidney-disease-pro
https://medlineplus.gov/ency/article/003587.htm
https://medlineplus.gov/ency/article/003598.htm
https://medlineplus.gov/ency/article/003609.htm
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The test requires a clean-catch urine sample. 

 

To obtain a clean-catch sample, men or boys should clean the head of the penis. Women or girls 

need to wash the area between the lips of the vagina with soapy water and rinse well. 

 

As we start to urinate, allow a small amount to fall into the toilet bowl to clear the urethra of 

contaminants. Then, put a clean container under urine stream and collect 30 to 60ml of urine. 

Remove the container from the urine stream. Cap and mark the container and submit to the 

laboratory  

 

For infants, thoroughly wash the area around the urethra. Open a urine collection bag (a plastic 

bag with an adhesive paper on one end), and place it on the infant. For boys, the entire penis can 

be placed in the bag and the adhesive attached to the skin. For girls, the bag is placed over the 

labia. Diaper as usual over the secured bag. 

 

This procedure may take a couple of attempts -- lively infants can displace the bag. The infant 

should be checked frequently and the bag changed after the infant has urinated into the bag. The 

urine is drained into the container for transport to the laboratory. 

 

Normal Values 

In general, normal values are as follows: 

 

1.0000 to 1.030 (normal specific gravity) 

1.001 after drinking excessive amounts of water 

More than 1.030 after avoiding fluids 

Concentrated after receiving ADH 

 

Urine specific gravity test 

 

Specific gravity is the ratio of the density of a substance to the density of a reference substance; 

equivalently, it is the ratio of the mass of a substance to the mass of a reference substance for the 

same given volume. Apparent specific gravity is the ratio of the weight of a volume of the 

substance to the weight of an equal volume of the reference substance. 

 

Urine specific gravity is a laboratory test that shows the concentration of all chemical particles in 

the urine. A urine specific gravity test compares the density of urine with the density of water. A 

urine specific gravity test gives information about how well the kidneys concentrate the urine and 

a person's hydration status. 

 

The primary function of the kidneys is to maintain a healthy fluid and electrolyte balance. The 

kidneys excrete excess water and minerals from the body in the form of urine. When the body 

needs more water, the kidneys retain fluid. 

 

It is used  suspect if  a person is dehydrated, has impaired kidney function, or has a condition that 

can alter the body's fluid status, such as diabetes insipidus. 
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Procedure 

Urine sample is collected into a clean universal bottle and tested immediately. The test should not 

be uncomfortable and is usually brief. The doctor might request multiple urine specific gravity 

tests in one day to see how well the kidneys compensate for a possible problem. 

 

A person may be asked to collect a "clean catch" specimen so as not to contaminate the sample 

with bacteria from the skin. 

 

To collect a clean catch specimen, a person must clean the urethral area before urinating, then 

collect the urine sample midstream in a universal  bottle. 

 

Laboratory personnel will perform the test using a refractometer, which projects light into the 

sample and helps determine the density of the urine. 

In addition density bottle could be used. 

 

Less commonly, is the  use dipstick method. The dipstick will change color according to the 

content of the urine. 

 

Reference  range : Although it varies slightly between different laboratories, the normal urine 

specific gravity values are between 1.002 and 1.035. 

 

Urine specific gravity  is used  to determine if someone is  suffering from certain conditions. Such 

as : 

 

 Dehydration 

 Overhydration 

 Heart failure 

 Shock 

 Diabetes insipidus 

 Kidney failure 

 Kidney infection 

 Urinary tract infection 

 Hyponatremia or low sodium 

 Hypernatremia or high sodium 

 

Urine osmolality test 

Osmolality is the concentration of all particles in a fluid. For example, thick, sugary syrup has 

significantly higher osmolality than a cup of water with just a pinch of sugar. The urine 

osmolality test measures the amount of several compounds in the urine. Some of these 

compounds in the urine can include: 
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 chloride 

 glucose 

 potassium 

 sodium 

 urea 

It’s the job of the kidneys to block or allow certain particles into the urine to maintain a balance 

within the body. The doctor can use the urine osmolality test to check the levels of water and 

particles in the urine. Urine osmolality is a marker for how well the kidneys are working. It also 

helps the doctor diagnose certain problems. 

 

In most cases, a doctor may also order a blood, or serum, osmolality test. Levels of the following 

commonly affect blood osmolality: salt, or sodium, which is one of the most important 

electrolytes in blood and urine, alcohol, toxins and sugar 

 

 Osmolality refers to the number of dissolved solute particles in a solvent, in this case 

urine. Osmolality is reported in osmoles (Osm) per kilogram of urine 

 Osmolality is similar to osmolarity, which measures the concentration of a compound in 

osmoles (Osm) per liter of total solution 

 An osmole is a quantity of dissolved particles that contributes to the osmotic pressure of a 

solution. The greater the difference in osmolarity between two sides of a semipermeable 

membrane, the greater the osmotic pressure 

 Osmotic pressure causes a cell placed in salt water to shrink. This is because the higher 

osmolarity outside the cell relative to the inside creates osmotic pressure that is directed 

towards the cell outside 

 Importantly, the cell’s membrane is semi-permeable. It allows water to pass, but does not 

allow other molecules that are charged, polar, or too large, to pass 

 Solutes in the body include electrolytes and non-electrolytes, such as glucose 

 Electrolytes are chemicals that dissociate in solution and conduct an electrical current. 

They are important to the body’s acid-base, electrical, and hydrostatic stability 

 Electrolytes are mainly acquired through the diet. Major electrolytes include sodium (Na+), 

potassium (K+), chloride (Cl-), bicarbonate (HCO3
-), and phosphate (HPO4

2-) 

 Electrolytes are necessary because they allow cells to regulate the flow of water across 

their membranes. This is called osmotic regulation. Osmotic regulation protects cells from 

bursting due to an influx of water if their surroundings lack salt 

 When osmolality is measured, it is compared to an expected result that has been 

calculated. The difference is the osmotic gap. If the osmotic gap is too great, toxins or 

diseases may be present 

 The Osmolality Urine Test measures the osmolality of urine to determine abnormalities. It 

is often performed to detect alcohol poisoning and kidney disease, and to determine the 

cause of diarrhea 
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Dye Excretion test 

 

Indications 

 

 an abnormally high or low blood sodium level 

 excessive urination 

 excessive thirst 

 confusion 

 nausea 

 lethargy 

 seizures or coma 

 dehydration 

 chronic diarrhea 

 assess the function of the kidneys 

 help determine if the electrolyte balance is normal and if the kidneys are working 

normally 

 monitor drug treatment 

 check how effective treatment is for any conditions that might affect the osmolality 

 

 

Procedure 

 

The test requires a clean-catch urine sample. The clean-catch method is used to prevent germs 

from the penis or vagina from getting into a urine sample.  

 

 

Blood tests 

 Blood urea nitrogen (BUN) test—  to evaluate kidney function, diagnose kidney problems, 

and monitor dialysis results, involves measuring the level of nitrogen in the urea of the blood. 

Urea is a waste product that forms when protein breaks down. Usually, the kidneys filter urea 

and the substance passes from the body in the urine. However, kidney problems can interfere 

with this filtering and lead to higher levels of urea nitrogen. The normal range for this test is 7 

to 20 mg/dL. 

 Creatinine test—Creatinine (Cr) forms when a substance found in muscle tissue breaks 

down. Like urea nitrogen, the kidneys filter out creatinine and let it pass through urine. A high 

level of creatinine in the blood may indicate kidney damage caused by kidney infection, 

kidney stones, or decreased blood flow to the kidneys. Abnormal test results also may suggest 

dehydration or a urinary blockage. The normal range for this test is 0.8 to 1.4 mg/dL. 
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 Prostate-specific antigen (PSA)  test—  in men to screen for prostate cancer (beginning at 

the age of 50 or at age 40 if at higher risk) and to monitor prostate cancer treatment. PSA is a 

protein produced by the prostate gland. The PSA test also may be used to diagnose benign 

prostatic hyperplasia (BPH, enlarged prostate) and or prostate infection (prostatitis) in men. 

Urinary tract infection (UTI) can affect the results of this test and cause an abnormally high 

reading. 

For most men, the normal range for the PSA test is lower than 4.0 ng/mL; however, there is 

no specific normal or abnormal level. Men at increased risk for prostate cancer may be 

retested if their level is higher than 2.5 ng/mL. High PSA levels do not mean that a patient has 

prostate cancer, but may prompt further testing or a prostate biopsy. 

The free PSA test is a variation of the usual PSA test. Normally, the protein PSA can be 

found in two forms in the blood—either attached to other proteins or "free" (unattached). The 

free PSA test measures the amount of PSA that is unattached. The results of this test can 

provide further clues on the likelihood of prostate cancer—a high level of overall PSA, but 

low level of free PSA indicates a greater risk for cancer of the prostate. 

 Plasma Calcium —,to screen patients for kidney disease. The normal range for this test is 8.5 

to 10.2 mg/dL. A lower-than-normal test result might indicate kidney failure. 

 Plasma Phosphate (phosphorus) — to diagnose kidney problems and monitor dialysis. The 

normal range for this test is 2.4 to 4.1 mg/dL. Levels that are higher or lower-than-normal 

may indicate kidney disease. 

 Alpha-fetoprotein (AFP) and beta-human chorionic gonadotropin (beta-hCG) tests—

These tests are used to help diagnose testicular cancer. AFP and beta-hCG are substances that 

are produced in higher-than-normal amounts by testicular cancer cells. 

 

Glomerular Filtration Rate test 
Estimated glomerular filtration rate (eGFR) is the most frequent test of renal function. GFR 

varies as a function of normal physiology as well as disease. Its measurement is based on 

determining the volume of plasma from which a substance is removed by glomerular filtration 

during its passage through the kidney - in other words, the 'clearance' of that substance. 

 

 

CCr   = Urine Cr   x   Volume of Urine(ml/min) divided by PCr 

CCr  Creatinine clearance ;   Urine Cr – urine concentration of creatinine,   Volume of 

Urine(ml/min) – V ,   PCr  - plasma concentration of creatinine 
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 Creatinine clearance is often used as a rough measurement of GFR, with a timed urine 

collection (often 24 hours) and a blood sample taken to measure plasma creatinine during that 

time period. It is limited by problems of accurate urine collection and tends to overestimate the 

GFR. It is also time-consuming. 

 Inulin GFR is the gold standard for measurement but is a complex procedure used only when 

a more accurate result is important. 

 Isotopic GFR is also sometimes performed using radioactive isotopes. 

 

 

Creatine in GFR 

 The plasma creatinine concentration (alone) is only a very rough guide to renal function.  

 Creatinine is produced by the muscles at a relatively constant level by the body and the 

plasma concentration therefore depends on the rate of excretion by the kidneys. 

 Levels are, however, affected by age, gender, ethnic group, muscle bulk, ingestion of 

cooked meat, malnutrition and after use of some drugs - eg, trimethoprim. 

 In people with extremes of muscle mass (eg, bodybuilders, people who have had an 

amputation or people with muscle wasting disorders) the eGFR should be interpreted with 

caution. Reduced muscle mass will lead to overestimation and increased muscle mass to 

underestimation of the GFR.  

 Advise people not to eat any meat in the 12 hours before having a blood test for eGFR. 

Avoid delaying the despatch of blood samples to ensure that they are received and 

processed by the laboratory within 12 hours of venepuncture 

It is better to estimate the GFR taking some of these variables. There are several equations 

available (use the local laboratory's calculation if available, as this is likely to be more accurate 

as it can take into account local variations in accuracy of creatinine assays): 

Cystatin C for GFR estimation 

This is a small protein produced at a relatively constant rate which is reabsorbed in the proximal 

tubule. One study found that it was superior to MDRD and Cockcroft-Gault formulae in 

estimating the GFR rate in renal allografts.  

Cystatin C-based estimate of GFR should be used for the diagnosis of CKD at initial diagnosis in 

people with  

 An eGFR creatinine of 45-59 ml/min/1.73 m2, sustained for at least 90 days; and 

 No proteinuria (albumin:creatinine ratio (ACR) less than 3 mg/mmol) or other marker of 

kidney disease. 

 

Iohexol for GFR estimation 

Being a single injection (plasma) clearance technique, this affords an accurate measure of GFR. 

Iohexol is an exogenous marker that is comparable to inulin and (51)Cr-EDTA and can be 

measured by high-performance liquid chromatography. Iohexol can accurately measure GFR 

using a four-point plasma disappearance curve (10, 30, 120 and 300 min) or, in most cases, a 

two-point disappearance time (120 and 300 min). 



32 
 

Electrolytes play a vital role in maintaining homeostasis within the body. They help to regulate 

heart and neurological function, fluid balance, oxygen delivery, acid–base balance and much 

more. Electrolyte imbalances can develop by the following mechanisms: excessive ingestion; 

diminished elimination of an electrolyte; diminished ingestion or excessive elimination of an 

electrolyte. 
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WATER AND ELECTROLYTE STATUS 

Electrolytes are cationic and anionic substaces in intracellular and extracellular body 

compartment which include : Na+,  K+,  Cl-, HCO3-, PO4
2-, SO4

2- ,, Ca2+ . The major intracellular 

compartment  cation is K+ while that of extracellular is Na+ . Electrolyte disturbances are 

commonly due to imbalances in the plasma levels of sodium, potassium or calcium. Causes of 

electrolyte imbalances include: abuse of laxative, diarrhoea, vomiting, dehydration, over-

hydration, bulimia, weather, excessive  sweat, bulimia and anorexia nervosa Electrolytes are 

used by cells especially cells of  the nerve, heart and muscle  as voltage across the cell 

membrane. Kidneys are involved in the homeostasis of water and electrolytes. 

Body water include those  in the tissues, the blood, the bones and other body fluid. Total body 

water (TBW) is the total percentage of water in intracellular and extracellular compartments. 

Water act as body solvent, transports nutrients, act as medium for excretion of body wastes, 

absorb shock, lubricate joints, regularize heat and serve as a medium where spermatozoa can live 

and swim for fertilization. 

Composition of Body Fluids 

 Water is about 45-75% of the body weight. 

 Sources  of water in the body 

o preformed water through taking  foods and liquids  

o Water obtained during metabolism   

 Body solutes include: 

o Electrolytes :  inorganic salts, acids,  bases,  some proteins 

o Nonelectrolytes :  glucose, lipids, creatinine,  urea 

o The osmotic power electrolytes is  greater than nonelectrolytes 

o Water movement is with respect to the  osmotic gradients 

Composition of electrolytes in the  Body Fluids 

o Extracellular Fluids/ compartment(ECF) 
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 Has  high protein content from  plasma 

 The major cation  is Sodium (Na+)  

 The major anion is Chloride (Cl-)  

o Intracellular Fluids/Compartment 

 low in sodium and chloride 

 the major cation is potassium (K+)  

  the major  anion is phosphate (PO4-)  

Extracellular and Intracellular Fluids 

 Sodium concentration is more in extracellular fluid while   potassium concentration is 

more in intracellular fluids  

 This reflects the activity of cellular ATP-dependent sodium-potassium pumps 

 Electrolytes are responsible for  the chemical and physical reactions of  body fluids 

 Influx of ions to cells is restricted and move selectively by active transport across the 

membrane. 

 Nutrients, respiratory gases, and wastes move in one direction 

 Plasma circulates round the body to  external and internal environments 

 Osmolalities of all body fluids are equal but may change with change in the concentration 

of body solutes 

Movement of fluids within Compartments 

 Exchange of fluid within the compartments is regulated by osmotic and hydrostatic 

pressures 

 Fluid that leaked  from the blood enters lymphatic vessels which will in turn  go back to 

the  to the bloodstream 

 Fluid exchanges between interstitial and intracellular compartments  as a result of 

selective permeability of the cell membranes 

Fluid Shifts  

 If Extracellular Fluid (ECF) is more  hypertonic than  Intracellular Fluid (ICF), water will 

move from ICF to ECF 
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 If ECF   is more  hypotonic than  ICF, water moves from ECF into the  cells 

Regulation of Fluids and Electrolytes 

 Responses of  homeostatic mechanisms is due to changes in ECF 

 Fluid or electrolyte balance are not directly being monitor by receptor 

 Response is to changes in plasma volume or osmotic concentrations 

 Osmotic gradients  stimulate the  passive movement  of water 

 Increase in body water or electrolytes can occur when the  intake exceeds the output 

 

Water Balance and ECF Osmolality 

 To remain properly hydrated, water intake must equal water output 

 Water intake sources 

o Ingested fluid (60%) and solid food (30%) 

o Metabolic water or water of oxidation (10%) 

Water Output 

 Urine (60%) 

 Feces (4%) 

 Insensible losses through the skin and lungs (28%) 

 Sweat (8%) 

 Increases in plasma osmolality trigger thirst and release of antidiuretic hormone (ADH) 

Regulation of Water Intake 

 The hypothalamic thirst center is stimulated by: 

 Decline in plasma volume of 10%–15% 

 Increases in plasma osmolality of 1–2% 

 Baroreceptor input, angiotensin II, and other stimuli 

 Thirst is quenched as soon as we begin to drink water 
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 Feedback signals that inhibit the thirst centers include: 

 Moistening of the mucosa of the mouth and throat 

 Activation of stomach and intestinal stretch receptors 

Regulation of Water Output 

Obligatory water losses include: 

o Insensible water losses from lungs and skin 

o Water that accompanies undigested food residues in feces 

Obligatory water loss reflects the fact that: 

o Kidneys excrete 900-1200 mOsm of solutes to maintain blood homeostasis 

o Urine solutes must be flushed out of the body in water 

Primary Regulatory Hormones 

 

1. Antidiuretic hormone (ADH) (also called vasopressin) 

 Is a hormone made by the hypothalamus, and stored and released in the posterior 

pituitary gland 

 Primary function of ADH is to decrease the amount of water lost at the kidneys (conserve 

water), which reduces the concentration of electrolytes 

 ADH also causes the constriction of peripheral blood vessels, which helps to increase 

blood pressure 

 ADH is released in response to such stimuli as a rise in the concentration of electrolytes 

in the blood or a fall in blood volume or pressure. These stimuli occur when a person 

sweats excessively or is dehydrated. 

1. Sweating or dehydration increases the blood osmotic pressure. 

2. The increase in osmotic pressure is detected by osmoreceptors within the hypothalamus that 

constantly monitor the osmolarity ("saltiness") of the blood 

3. Osmoreceptors stimulate groups of neurons within the hypothalamus to release ADH from the 

posterior pituitary gland. 

4. ADH travels through the bloodstream to its target organs: 
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a. ADH tavels to the collecting tubules in the kidneys and makes the membrane more permeable 

to water (that is it increases water reabsorption) which leads to a decrease in urine output. 

b. ADH also travels to the sweat glands where it stimulates them to decrease perspiration to 

conserve water. 

c. ADH travels to the arterioles, where it causes the smooth muscle in the wall of the arterioles 

to constrict. This narrows the diameter of the arterioles which increases blood pressure. 

Alcohol inhibits the production of ADH which is one of the reasons a person has increased fluid 

excretion after drinking alcohol! 

2. Aldosterone - 

 Is a hormone made by cells in the adrenal cortex (zona glomerulosa) 

 Controls the levels of Na+ and K+ ions in extracellular fluids such as the blood 

 Net result of its action is to reabsorb Na+ ions into the blood and simultaneously excrete 

K+ ions into the urine; because "water follows the ions," as Na+ is reabsorbed, water is 

also reabsorbed. 

 

3. Natriuretic Peptides (Atrial Natriuretic Peptide and Brain Natriuretic Peptide) 

  

 Atrial natriuretic peptide (ANP) is a hormone made by cells in the right atrium whenever 

blood volume increases (atria are stretched) 

 Brain natriuretic peptide (BNP) is a hormone made by cells in the ventricles in response 

to excessive stretching of the ventricles 

 In general, the effects of ANP and BNP are opposite to those of angiotensin II 

 Both ANP and BNP promote the loss of sodium ions and water at the kidneys in the 

urine, inhibit rennin release, and inhibit the secretion of ADH and aldosterone 

 By inducing blood vessels to dilate and water to be excreted in the urine, ANP and BNP 

reduce both blood volume and blood pressure 

Disorders of Water Balance 

Dehydration: 

 Water loss exceeds water intake and the body is in negative fluid balance 
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 Causes include: hemorrhage, severe burns, prolonged vomiting or diarrhea, profuse 

sweating, water deprivation, and diuretic abuse 

 Signs and symptoms: cottonmouth, thirst, dry flushed skin, and oliguria (decreased 

production of urine) 

Hypotonic Hydration: 

 Renal insufficiency or an extraordinary amount of water ingested quickly can lead to 

cellular overhydration, or water intoxication 

 ECF is diluted – sodium content is normal but excess water is present resulting 

hyponatremia promotes net osmosis into tissue cells 

 These events must be quickly reversed to prevent severe metabolic disturbances, 

particularly in neurons 

Electrolyte Balance 

 Electrolytes are salts, acids, and bases, but electrolyte balance usually refers only to salt 

balance 

 Salts are important for: 

o Essential minerals 

o Controls osmosis between fluid compartments 

o Help maintain acid-base balance 

o Carry electrical (ionic) current for action potentials 

Sodium in Fluid and Electrolyte Balance 

 Sodium holds a central position in fluid and electrolyte balance 

 Sodium is the single most abundant cation in the ECF 

o Accounts for 90-95% of all solutes in the ECF 

o Contribute 280 mOsm of the total 300 mOsm ECF solute concentration 

 The role of sodium in controlling ECF volume and water distribution in the body is a 

result of: 

o Sodium being the only cation to exert significant osmotic pressure 
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o Sodium ions leaking into cells and being pumped out against their 

electrochemical gradient 

 Sodium concentration in the ECF normally remains stable 

o Rate of sodium uptake across digestive tract directly proportional to dietary intake 

o Sodium losses occur through urine and perspiration 

 Changes in plasma sodium levels affect: 

o Plasma volume, blood pressure 

o ICF and interstitial fluid volume 

 Large variations in sodium are corrected by homeostatic mechanisms 

 If sodium levels are too low, antidiuretic hormone (ADH) and aldosterone are secreted 

 If sodium levels are too high, atrial natriuretic peptide (ANP) is secreted 

Regulation of Sodium Balance: Aldosterone 

 A decrease in Na+ levels in the plasma stimulates aldosterone release 

 The kidneys detect the decrease in Na+ levels and cause a series of reactions referred to as 

the renin-angiotensin-aldosterone mechanisms. 

 This is mediated by the juxtaglomerular apparatus, which releases renin in response to: 

o Sympathetic nervous system stimulation 

o Decreased filtrate osmolality 

o Decreased stretch (due to decreased blood pressure) 

 Sodium reabsorption 

o 65% of sodium in filtrate is reabsorbed in the proximal tubules 

o 25% is reclaimed in the loops of Henle 

 When aldosterone levels are high, all remaining Na+ is actively reabsorbed 

 Water follows sodium if tubule permeability has been increased with ADH 

  

Atrial Natriuretic Hormone (ANH) 
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 Is released in the heart atria as a response to stretch (elevated blood pressure), 

 It has potent diuretic and natriuretic effects 

 It promotes excretion of sodium and water, inhibits angiotensin II production 

Potassium Balance 

 Potassium ion concentrations in ECF are low 

 Not as closely regulated as sodium 

 Potassium ion excretion increases as ECF concentrations rise, aldosterone secreted, pH 

rises 

 Potassium retention occurs when pH falls 

Regulation of Potassium Balance 

 Relative ICF-ECF potassium ion concentration affects a cell’s resting membrane 

potential 

 Potassium controls its own ECF concentration via feedback regulation of aldosterone 

release 

 An increase in K+ levels stimulates the release of aldosterone through the renin-

angiotensin-aldosterone mechanism or through the direct release of aldosterone from the 

adrenal cortex cells 

 Aldosterone stimulates potassium ion excretion from the kidneys 

 In cortical collecting ducts, for each Na+ reabsorbed, a K+ is excreted 

 When K+ levels are low, the amount of secretion and excretion is kept to a minimum 

 Excessive ECF potassium (hyperkalemia) decreases membrane potential 

 Too little potassium (hypokalemia) causes hyperpolarization and nonresponsiveness 

 Hyperkalemia and hypokalemia can 

o Disrupt electrical conduction in the heart 

o Lead to sudden death 

 Hydrogen ions shift in and out of cells lead to corresponding shifts in potassium in the 

opposite direction and interferes with activity of excitable cells 
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Regulation of Calcium 

 Ionic calcium in ECF is important for blood clotting, cell membrane permeability, and 

secretory behavior 

 Hypocalcemia increases excitability and causes muscle tetany 

 Hypercalcemia inhibits neurons and muscle cells and may cause heart arrhythmias 

 Two hormones regulate blood calcium levels: 

1. Parathyroid Hormone (PTH) (made by the parathyroid glands) 

2. Calcitonin (CT) (made by the thyroid glands) 

 As calcium-rich foods are ingested, blood calcium levels rise. The thyroid gland releases 

calcitonin (CT) . 

o CT binds to receptors on osteoblasts (bone-forming cells). 

o This triggers the osteoblasts to deposit calcium salts into bone throughout the 

skeletal system. 

o This causes the blood calcium levels to fall. 

o CT stops being produced when blood calcium levels return to normal. 

 When blood calcium levels fall, the parathyroid glands (located on posterior surface of 

the thyroid gland) release PTH. 

o PTH binds to receptors on osteoclasts (bone-degrading cells) within the skeletal 

system 

o The osteoclasts decompose bone and release calcium into the blood. 

o The blood calcium level rises 

o PTH stops being produced when blood calcium levels return to normal. 

 - Calcium reabsorption and phosphate excretion go hand in hand 

o Filtered phosphate is actively reabsorbed in the proximal tubules 

o In the absence of PTH, phosphate reabsorption is regulated by its transport 

maximum and excesses are excreted in urine 

o High or normal ECF calcium levels inhibit PTH secretion 
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o Release of calcium from bone is inhibited 

o Larger amounts of calcium are lost in feces and urine 

o More phosphate is retained 

Regulation of Anions 

 Chloride (Cl-) is the major anion accompanying sodium in the ECF 

 99% of chloride is reabsorbed under normal pH conditions 

 When acidosis occurs, fewer chloride ions are reabsorbed 

 Other anions have transport maximums and excesses are excreted in urine 

Acid-Base Balance 

 Molecules that are dissolved in water may dissociate into charged ions. 

 An acid is a substance that increases the number of H+ ions in a solution. 

 A base is a substance that decreases the number of H+ ions in a solution. 

 Normal pH of body fluids: 

o Arterial blood is 7.4 

o Venous blood and interstitial fluid is 7.35 

o Intracellular fluid is 7.0 

 Important part of homeostasis because cellular metabolism depends on enzymes, and 

enzymes are sensitive to pH. 

 Challenges to acid-base balance due to cellular metabolism: produces acids – hydrogen 

ion donors 

 Acidosis (physiological acidosis) is a blood pH below 7.35.  Its principal effect is 

depression of the central nervous system by depressing synaptic transmissions 

 Alkalosis is a blood pH above 7.45.  Its principal effect is overexcitability of the central 

nervous system through facilitation of synaptic transmission 

Sources of Hydrogen Ions 

Most hydrogen ions originate from cellular metabolism 
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o Breakdown of phospho rus-containing proteins releases phosphoric acid into the 

ECF 

o Anaerobic respiration of glucose produces lactic acid 

o Fat metabolism yields organic acids and ketone bodies 

o Transporting carbon dioxide as bicarbonate releases hydrogen ions 

Hydrogen Ion Regulation 

Concentration of hydrogen ions is regulated sequentially by: 

 Chemical buffer systems act within seconds 

 The respiratory center in the brain stem acts within 1-3 minutes 

 Renal mechanisms require hours to days to affect pH changes 

Chemical Buffer Systems 

 A buffer is a solution whose function is to minimize the change in pH when a base or an 

acid is added to the solution  

 Most buffers consist of a weak acid (which releases H+ ions) and a weak base (which 

binds H+ ions) 

 If an acidic solution is added to a buffer solution, the buffer will combine with the extra 

H+ ions and help to maintain the pH 

 If a basic solution is added to a buffer solution, the buffer will release H+ ions to help 

maintain the pH  

 There are many different buffers and each one stabilizes the pH of the solution within a 

specific pH range 

 One buffer may be effective within a range of pH 2 to pH 6, while another buffer may be 

effective within a range of pH 10 to pH 12  

 Strong Acids – all their H+ is dissociated completely in water  

Weak Acids – dissociate partially in water and are efficient at preventing pH changes 

Strong Bases – dissociate easily in water and quickly tie up H+ 

Weak Bases – accept H+ more slowly (e.g., HCO3¯ and NH3) 

The three main buffer systems in our bodies are the: 

o bicarbonate buffer system 
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o phosphate buffer system 

o protein buffer system 

 Bicarbonate Buffer System 

 Is a mixture of carbonic acid (H2CO3) and its salt, sodium bicarbonate (NaHCO3) 

(potassium or magnesium bicarbonates 

 If strong acid is added: 

o Hydrogen ions released combine with the bicarbonate ions and form carbonic acid 

(a weak acid) 

o The pH of the solution decreases only slightly 

 If strong base is added: 

o It reacts with the carbonic acid to form sodium bicarbonate (a weak base) 

o The pH of the solution rises only slightly 

 This system is the only important ECF buffer 

 Phosphate Buffer System 

 Nearly identical to the bicarbonate system 

 Its components are: 

o Sodium salts of dihydrogen phosphate (NaH2PO4¯), a weak acid 

o Monohydrogen phosphate (Na2HPO4
2¯), a weak base 

 This system is an effective buffer in urine and intracellular fluid 

3. Protein Buffer System 

 Plasma and intracellular proteins are the body’s most plentiful and powerful buffers 

 Some amino acids of proteins have: 

o Free organic acid groups (weak acids) 

o Groups that act as weak bases (e.g., amino groups) 

 Amphoteric molecules are protein molecules that can function as both a weak acid and a 

weak base 
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Physiological Buffer Systems 

 The respiratory system regulation of acid-base balance is a physiological buffering 

system 

 There is a reversible equilibrium between: 

o Dissolved carbon dioxide and water 

o Carbonic acid and the hydrogen and bicarbonate ions 

o CO2 + H2O « H2CO3 « H+ + HCO3¯ 

 When hypercapnia or rising plasma H+ occurs: 

o Deeper and more rapid breathing expels more carbon dioxide 

o Hydrogen ion concentration is reduced 

 Alkalosis causes slower, more shallow breathing, causing H+ to increase 

 Respiratory system impairment causes acid-base imbalance (respiratory acidosis or 

respiratory alkalosis) 

Renal Mechanisms of Acid-Base Balance 

 Chemical buffers can tie up excess acids or bases, but they cannot eliminate them from 

the body 

 The lungs can eliminate carbonic acid by eliminating carbon dioxide 

 Only the kidneys can rid the body of metabolic acids (phosphoric, uric, and lactic acids 

and ketones) and prevent metabolic acidosis 

 The ultimate acid-base regulatory organs are the kidneys 

 The most important renal mechanisms for regulating acid-base balance are conserving 

(reabsorbing) or generating new bicarbonate ions and excreting bicarbonate ions 

 Losing a bicarbonate ion is the same as gaining a hydrogen ion; reabsorbing a 

bicarbonate ion is the same as losing a hydrogen ion 

Reabsorption of Bicarbonate 

 Carbonic acid formed in filtrate dissociates to release carbon dioxide and water 

 Carbon dioxide then diffuses into tubule cells, where it acts to trigger further hydrogen 

ion secretion 
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 For each hydrogen ion secreted, a sodium ion and a bicarbonate ion are reabsorbed by the 

PCT cells 

 Secreted hydrogen ions form carbonic acid 

 Thus, bicarbonate disappears from filtrate at the same rate that it enters the peritubular 

capillary blood 

Generating New Bicarbonate Ions 

 Two mechanisms carried out by tubule cells generate new bicarbonate ions 

 Both involve renal excretion of acid via secretion and excretion of hydrogen ions or 

ammonium ions (NH4
+) 

Hydrogen Ion Excretion 

 In response to acidosis hydrogen ions must be counteracted by generating new 

bicarbonate 

 Kidneys generate bicarbonate ions and add them to the blood 

 An equal amount of hydrogen ions are added to the urine 

 Dietary The excreted hydrogen ions must bind to buffers (phosphate buffer system) in the 

urine and excreted 

 Bicarbonate generated is: 

o Moved into the interstitial space via a cotransport system 

o Passively moved into the peritubular capillary blood 

Ammonium Ion Excretion 

 This method uses ammonium ions produced by the metabolism of glutamine in PCT cells 

 Each glutamine metabolized produces two ammonium ions and two bicarbonate ions 

 Bicarbonate moves to the blood and ammonium ions are excreted in urine 

Bicarbonate Ion Secretion 

 When the body is in alkalosis, tubular cells: Secrete bicarbonate ions and reclaim 

hydrogen ions and acidify the blood 

 The mechanism is the opposite of bicarbonate ion reabsorption process 
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Respiratory Acidosis and Alkalosis 

 May be due to  failure of the respiratory system to balance pH 

 PCO2 is the single most important indicator of respiratory inadequacy 

 PCO2 levels 

o Normal PCO2 fluctuates between 35 and 45 mm Hg 

o Values above 45 mm Hg signal respiratory acidosis 

o Values below 35 mm Hg indicate respiratory alkalosis 

Respiratory Acid-Base Regulation 

 Respiratory acidosis is the most common cause of acid-base imbalance 

o Occurs when a person breathes shallowly, or gas exchange is hampered by 

diseases like  pneumonia, cystic fibrosis, or emphysema 

Metabolic pH Imbalance 

 Metabolic acidosis is the second most common cause of acid-base imbalance. 

 Typical causes are: 

o Ingestion of large volume of alcohol and excessive loss of bicarbonate ions 

o Other causes involve  accumulation of lactate, shock, ketosis in diabetic crisis, 

starvation, and kidney failure 

 -Metabolic alkalosis which can be due to an increase  in blood pH and bicarbonate levels. 

Typical causes are: 

o Vomiting of the acid contents of the stomach 

o Intake of excess base  especially from antacids 

o Constipation, in which excessive bicarbonate is reabsorbed 

Respiratory/Renal Compensation/Metabolic Acidosis 

 Rate and depth of breathing are raised 

 As carbon dioxide is removed by the respiratory system, PCO2 falls below normal values 

 Kidneys secrete H+ and retain/produce  bicarbonate to offset the acidosis 
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Metabolic Alkalosis 

 Pulmonary ventilation is slow and shallow causing accumulation of  carbon dioxide to in 

the blood 

 Kidneys produce  H+ and remove bicarbonate from the body by secretion 

Acid-base imbalance due to inadequacy of a physiological buffer system is compensated for 

by the other system. 

 The respiratory system will attempt to correct metabolic acid-base 

imbalances 

 The kidneys will work to correct imbalances caused by respiratory disease 
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Renal calculus (Kidney Stone) Analysis 

Kidney stones are small, pebble-like substances made from chemicals in the urine. They are 

formed in the kidneys when high levels of certain substances, such as minerals or salts, get into 

the urine. A kidney stone analysis is a test that figures out what a kidney stone is made of. 

Kidney stones can be as small as a grain of sand or as large as a golf ball. Many stones pass 

through the  body when we  urinate. Larger or odd-shaped stones can get stuck inside the urinary 

tract and may need treatment. While kidney stones rarely cause serious damage, they can be very 

painful. Those with  a kidney stone in the past are likely to get another one. A kidney stone 

analysis provides information on what a stone is made of. This can help the health care provider 

develop a treatment plan to reduce risk of forming more stones. 

There are four main types of kidney stones: 

1. Calcium, the most common type of kidney stone 

2. Uric acid, another common type of kidney stone 

3. Struvite, a less common stone that is caused by urinary tract infections 

4. Cystine, a rare type of stone that tends to run in families 

A renal calculus analysis is used to: 

Figure out the chemical makeup of a kidney stone 

Help guide a treatment plan to prevent more stones from forming 

Why do I need a kidney stone analysis? 

Symptoms of a kidney stone – renal calculi. 

 Sharp pains in the abdomen, side, or groin 

 Back pain 

 Blood in the urine 

 Frequent urge to urinate 

 Pain when urinating 

 Cloudy or bad-smelling urine 

 Nausea and vomiting 

Laboratory examination 

Laboratory investigations typically carried out include: 

 microscopic examination of the urine, which may show red blood cells, 

bacteria, leukocytes, urinary casts, and crystals; 

 urine culture to identify any infecting organisms present in the urinary tract and sensitivity to 

determine the susceptibility of these organisms to specific antibiotics; 

https://en.wikipedia.org/wiki/Urine_microscopy
https://en.wikipedia.org/wiki/Red_blood_cell
https://en.wikipedia.org/wiki/Leukocyte
https://en.wikipedia.org/wiki/Urinary_cast
https://en.wikipedia.org/wiki/Kirby-Bauer_antibiotic_testing
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 complete blood count, looking for neutrophilia (increased neutrophil granulocyte count) 

suggestive of bacterial infection, as seen in the setting of struvite stones; 

 renal function tests to look for abnormally high blood calcium blood levels (hypercalcemia); 

 24 hour urine collection to measure total daily urinary volume, magnesium, sodium, uric 

acid, calcium, citrate, oxalate, and phosphate; 

 collection of stones (by urinating through a Stone Screen kidney stone collection cup or a 

simple tea strainer) is useful. Chemical analysis of collected stones can establish their 

composition, which in turn can help to guide future preventive and therapeutic management. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Complete_blood_count
https://en.wikipedia.org/wiki/Neutrophilia
https://en.wikipedia.org/wiki/Neutrophil_granulocyte
https://en.wikipedia.org/wiki/Renal_function
https://en.wikipedia.org/wiki/Hypercalcaemia
https://en.wikipedia.org/wiki/Phosphate
https://en.wikipedia.org/wiki/Tea_strainer
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Composition of kidney stone – renal calculi 

Kidney 

stone type 
Population Circumstances Color Sensitivity Details 

Calcium 

oxalate 

80% 

when urine is 

acidic (decreased 

pH)  

Black/dark 

brown 

Radio-

opaque 

Some of the oxalate in urine is produced by the body. Calcium 

and oxalate in the diet play a part but are not the only factors that 

affect the formation of calcium oxalate stones. Dietary oxalate is 

found in many vegetables, fruits, and nuts. Calcium from bone 

may also play a role in kidney stone formation. 

Calcium 

phosphate  

5–10% 
when urine is 

alkaline (high pH) 
Dirty white 

Radio-

opaque 

Tends to grow in alkaline urine especially when proteus bacteria 

are present. 

Uric acid  5–10% 
when urine is 

persistently acidic 

Yellow/redd

ish brown 

Radioluce

nt 

Diets rich in animal proteins and purines: substances found 

naturally in all food but especially in organ meats, fish, and 

shellfish. 

Struvite 10–15% 
infections in the 

kidney 
Dirty white 

Radio-

opaque 

Prevention of struvite stones depends on staying infection-free. 

Diet has not been shown to affect struvite stone formation. 

Cystine  1–2% 
rare genetic 

disorder 
Pink/yellow 

Radio-

opaque 

Cystine, an amino acid (one of the building blocks of protein), 

leaks through the kidneys and into the urine to form crystals. 

Xanthine  

 
Extremely rare Brick red 

Radioluce

nt  

https://en.wikipedia.org/wiki/Calcium_oxalate
https://en.wikipedia.org/wiki/Calcium_oxalate
https://en.wikipedia.org/wiki/Calcium_phosphate
https://en.wikipedia.org/wiki/Calcium_phosphate
https://en.wikipedia.org/wiki/Uric_acid
https://en.wikipedia.org/wiki/Struvite
https://en.wikipedia.org/wiki/Cystine
https://en.wikipedia.org/wiki/Xanthine
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Pathophysiology of  kidney stone – renal calculi 

Hypocitraturia or low urinary-citrate excretion (defined as less than 320 mg/day) can cause 

kidney stones in up to 2/3 of cases. The protective role of citrate is linked to several mechanisms; 

in fact, citrate reduces urinary supersaturation of calcium salts by forming soluble complexes 

with calcium ions and by inhibiting crystal growth and aggregation. The therapy with potassium 

citrate, or magnesium potassium citrate, is commonly prescribed in clinical practice in order to 

increase urinary citrate and to reduce stone formation rates. 

When the urine becomes supersaturated (when the urine solvent contains more solutes than it can 

hold in solution) with one or more calculogenic (crystal-forming) substances, a seed crystal may 

form through the process of nucleation. Heterogeneous nucleation (where there is a solid surface 

present on which a crystal can grow) proceeds more rapidly than homogeneous nucleation 

(where a crystal must grow in a liquid medium with no such surface), because it requires less 

energy. Adhering to cells on the surface of a renal papilla, a seed crystal can grow and aggregate 

into an organized mass. Depending on the chemical composition of the crystal, the stone-forming 

process may proceed more rapidly when the urine pH is unusually high or low. 

Supersaturation of the urine with respect to a calculogenic compound is pH-dependent. For 

example, at a pH of 7.0, the solubility of uric acid in urine is 158 mg/100 ml. Reducing the pH to 

5.0 decreases the solubility of uric acid to less than 8 mg/100 ml. The formation of uric-acid 

stones requires a combination of hyperuricosuria (high urine uric-acid levels) and low urine pH; 

hyperuricosuria alone is not associated with uric-acid stone formation if the urine pH is alkaline. 

Supersaturation of the urine is a necessary, but not a sufficient, condition for the development of 

any urinary calculus. Supersaturation is likely the underlying cause of uric acid and cystine 

stones, but calcium-based stones (especially calcium oxalate stones) may have a more complex 

cause. 

Normal urine contains chelating agents, such as citrate, that inhibit the nucleation, growth, and 

aggregation of calcium-containing crystals. Other endogenous inhibitors include calgranulin (an 

S-100 calcium-binding protein), Tamm–Horsfall protein, glycosaminoglycans, uropontin (a form 

of osteopontin), nephrocalcin (an acidic glycoprotein), prothrombin F1 peptide, and bikunin 

(uronic acid-rich protein). The biochemical mechanisms of action of these substances have not 

yet been thoroughly elucidated. However, when these substances fall below their normal 

proportions, stones can form from an aggregation of crystals. 

Sufficient dietary intake of magnesium and citrate inhibits the formation of calcium oxalate and 

calcium phosphate stones; in addition, magnesium and citrate operate synergistically to inhibit 

kidney stones. Magnesium's efficacy in subduing stone formation and growth is dose-dependent. 
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FUNCTIONS OF THE LIVER 

The liver is classed as a gland and associated with many functions. It is difficult to give a precise 

number, as the organ is still being explored, but it is thought that the liver carries out 500 distinct 

roles. 

The major functions of the liver include: 

 Bile production: Bile helps the small intestine break down and absorb fats, cholesterol, 

and some vitamins. Bile consists of bile salts, cholesterol, bilirubin, electrolytes, and 

water. 

 Absorbing and metabolizing bilirubin: Bilirubin is formed by the breakdown of 

hemoglobin. The iron released from hemoglobin is stored in the liver or bone marrow and 

used to make the next generation of blood cells. 

 Supporting blood clots: Vitamin K is necessary for the creation of certain coagulants 

that help clot the blood. Bile is essential for vitamin K absorption and is created in the 

liver. If the liver does not produce enough bile, clotting factors cannot be produced. 

 Fat metabolization: Bile breaks down fats and makes them easier to digest. 

 Metabolizing carbohydrates: Carbohydrates are stored in the liver, where they are 

broken down into glucose and siphoned into the bloodstream to maintain normal glucose 

levels. They are stored as glycogen and released whenever a quick burst of energy is 

needed. 

 Vitamin and mineral storage: The liver stores vitamins A, D, E, K, and B12. It keeps 

significant amounts of these vitamins stored. In some cases, several years' worth of 

vitamins is held as a backup. The liver stores iron from hemoglobin in the form of 

ferritin, ready to make new red blood cells. The liver also stores and releases copper. 

 Metabolism of  proteins: Bile helps break down proteins for digestion. Regulation of 

blood levels of amino acids, which form the building blocks of proteins 

 Filters the blood: The liver filters and removes compounds from the body, including 

hormones, such as estrogen and aldosterone, and compounds from outside the body, 

including alcohol and other drugs. 

 Immunological function: The liver is part of the mononuclear phagocyte system. It 

contains high numbers of Kupffer cells that are involved in immune activity. These 

cells destroy any disease-causing agents that might enter the liver through the gut. 

http://www.vivo.colostate.edu/hbooks/pathphys/digestion/liver/bile.html
https://www.medicalnewstoday.com/articles/9152.php
https://www.medicalnewstoday.com/articles/195878.php
https://www.medicalnewstoday.com/articles/285666.php
http://lpi.oregonstate.edu/mic/vitamins/vitamin-K
https://www.medicalnewstoday.com/articles/288165.php
https://www.medicalnewstoday.com/articles/277177.php
https://www.ncbi.nlm.nih.gov/pubmed/17105582
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 Production of albumin: Albumin is the most common protein in blood serum. It 

transports fatty acids and steroid hormones to help maintain the correct pressure and 

prevent the leaking of blood vessels. 

 Synthesis of angiotensinogen: This hormone raises blood pressure by narrowing the 

blood vessels when alerted by production of an enzyme called renin in the kidneys. 

 Synthesis of coagulation factors : factor I (fibrinogen),  factor 

II (prothrombin), V, VII, VIII, IX, X, XI, XIII, as well as protein C, protein 

S and antithrombin.  

 

 

 

 

 

Liver function tests 

Liver function tests are blood tests used to help diagnose and monitor liver disease or damage. 

The tests measure the levels of certain enzymes and proteins in the blood. Some of these tests 

measure how well the liver is performing its normal functions of producing protein and clearing 

bilirubin, a blood waste product. Other liver function tests measure enzymes that liver cells 

release in response to damage or disease. Abnormal liver function test results don't always 

indicate liver disease.   

Liver function tests can be used to: 

 Screen for liver infections, such as hepatitis 

 Monitor the progression of a disease, such as viral or alcoholic hepatitis, and determine 

how well a treatment is working 

 Measure the severity of a disease, particularly scarring of the liver (cirrhosis) 

 Monitor possible side effects of medications 

Liver function tests check the levels of certain enzymes and proteins in blood. Levels that are 

higher or lower than normal can indicate liver problems. Some common liver function tests 

include: 

Liver function tests include: 

 Albumin. Albumin and total protein. Albumin is one of several proteins made in the 

liver. The body needs these proteins to fight infections and to perform other functions. 

https://www.medicalnewstoday.com/articles/270644.php
https://en.wikipedia.org/wiki/Coagulation_factors
https://en.wikipedia.org/wiki/Fibrinogen
https://en.wikipedia.org/wiki/Thrombin
https://en.wikipedia.org/wiki/Factor_V
https://en.wikipedia.org/wiki/Factor_VII
https://en.wikipedia.org/wiki/Factor_VIII
https://en.wikipedia.org/wiki/Factor_IX
https://en.wikipedia.org/wiki/Factor_X
https://en.wikipedia.org/wiki/Factor_XI
https://en.wikipedia.org/wiki/Factor_XIII
https://en.wikipedia.org/wiki/Protein_C
https://en.wikipedia.org/wiki/Protein_S
https://en.wikipedia.org/wiki/Protein_S
https://en.wikipedia.org/wiki/Antithrombin
https://medlineplus.gov/ency/article/003480.htm
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Lower-than-normal levels of albumin and total protein might indicate liver damage or 

disease. 

 Alpha-1 antitrypsin: Alpha-1 antitrypsin (a hormone involved in protecting liver and 

lung cells from injury). 

 Alkaline phosphatase  (ALP). Alkaline phosphatase (ALP). ALP is an enzyme in the 

liver, bile ducts and bone. Higher-than-normal levels of ALP may indicate liver damage 

or disease, such as a blocked bile duct, or certain bone diseases. 

 Alanine aminotransferase (ALT). Alanine transaminase (ALT). ALT is an enzyme 

found in the liver that helps the body metabolize protein. When the liver is damaged, 

ALT is released into the bloodstream and levels increase. 

 Aspartate aminotransferase (AST). Aspartate transaminase (AST). AST is an enzyme 

that helps metabolize alanine, an amino acid. Like ALT, AST is normally present in 

blood at low levels. An increase in AST levels may indicate liver damage or disease or 

muscle damage. 

 Gamma-glutamyl transpeptidase (GGT). Gamma-glutamyltransferase (GGT). GGT is 

an enzyme in the blood. Higher-than-normal levels may indicate liver or bile duct 

damage. 

 5' nucleotidase 

 Prothrombin time, also expressed as international normalized ratio (INR). Prothrombin 

time (PT). PT is the time it takes the blood to clot. Increased PT may indicate liver 

damage but can also be elevated if we're taking certain blood-thinning drugs, such as 

warfarin 

 Serum bilirubin. Bilirubin. Bilirubin is a substance produced during the normal 

breakdown of red blood cells. Bilirubin passes through the liver and is excreted in stool. 

Elevated levels of bilirubin (jaundice) might indicate liver damage or disease or certain 

types of anemia. 

 Urine bilirubin 

 Virus tests - for example, for hepatitis A, B or C - to look for the cause of disease. 

 Autoantibody tests (to detect and monitor immune diseases). 

 Immunoglobulins (antibodies made in response to various challenges including allergies, 

infections, some blood disorders and some cancers). 

 Serum ferritin and transferrin saturation (measures of iron storage and management by the 

body). 

 Alpha-fetoprotein (maternal levels to check  at the health of the baby during pregnancy, and 

levels are also raised in some cancers). 

https://medlineplus.gov/ency/article/003715.htm
https://medlineplus.gov/ency/article/003470.htm
https://medlineplus.gov/ency/article/003473.htm
https://medlineplus.gov/ency/article/003472.htm
https://medlineplus.gov/ency/article/003458.htm
https://medlineplus.gov/ency/article/003652.htm
https://medlineplus.gov/ency/article/003479.htm
https://medlineplus.gov/ency/article/003595.htm
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 L-lactate dehydrogenase (LD). LD is an enzyme found in the liver. Elevated levels may 

indicate liver damage but can be elevated in many other disorders. 

 Copper/caeruloplasmin (measures of copper management by the body). 

 

 

Biliary Calculi/ Gallstone 

A gallstone is a stone formed within the gallbladder out of bile components. The term 

cholelithiasis may refer to the presence of gallstones or to the diseases caused by gallstones. 

Most people with gallstones (about 80%) never have symptoms. When a gallstone blocks the bile 

duct, a crampy  pain in the right upper part of the abdomen, known as biliary colic (gallbladder 

attack) can result. This happens in 1–4% of those with gallstones each year. Complications of 

gallstones may include inflammation of the gallbladder (cholecystitis), inflammation of the 

pancreas (pancreatitis), jaundice, and infection of a bile duct (cholangitis). Symptoms of these 

complications may include pain of more than five hours duration, fever, yellowish skin, 

vomiting, dark urine, and pale stools. 

Risk factors for gallstones include birth control pills, pregnancy, a family history of gallstones, 

obesity, diabetes, liver disease, or rapid weight loss. The bile components that form gallstones 

include cholesterol, bile salts, and bilirubin. Gallstones formed mainly from cholesterol are 

termed cholesterol stones, and those mainly from bilirubin are termed pigment stones. Gallstones 

may be suspected based on symptoms. 

 Diagnosis is then typically confirmed by ultrasound. Complications may be detected on blood 

tests. The risk of gallstones may be decreased by maintaining a healthy weight through sufficient 

exercise and eating a healthy diet. If there are no symptoms, treatment is usually not needed. In 

those who are having gallbladder attacks, surgery to remove the gallbladder is typically 

recommended. This can be carried out either through several small incisions or through a single 

larger incision, usually under general anesthesia. In rare cases when surgery is not possible 

medication may be used to try to dissolve the stones or lithotripsy to break down the stones 

Gallstone disease refers to the condition where gallstones are either in the gallbladder or 

common bile duct. The presence of stones in the gallbladder is referred to as cholelithiasis, from 

the Greek chol- (bile) + lith- (stone) + -iasis (process). If gallstones is in the common bile duct, 

the condition is referred to as choledocholithiasis, from the Greek chol- (bile) + docho- (duct) + 

lith- (stone) + iasis- (process).Choledocholithiasis is frequently associated with obstruction of the 

bile ducts, which in turn can lead to cholangitis, from the Greek: chol- (bile) + ang- (vessel) + 

itis- (inflammation), a serious infection of the bile ducts. Gallstones within the ampulla of Vater 

can obstruct the exocrine system of the pancreas, which in turn can result in pancreatitis. 
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Pathophysiology 

Cholesterol gallstones develop when bile contains too much cholesterol and not enough bile 

salts. Besides a high concentration of cholesterol, two other factors are important in causing 

gallstones. The first is how often and how well the gallbladder contracts; incomplete and 

infrequent emptying of the gallbladder may cause the bile to become overconcentrated and 

contribute to gallstone formation. This can be caused by high resistance to the flow of bile out of 

the gallbladder due to the complicated internal geometry of the cystic duct. The second factor is 

the presence of proteins in the liver and bile that either promote or inhibit cholesterol 

crystallization into gallstones. In addition, increased levels of the hormone estrogen, as a result 

of pregnancy or hormone therapy, or the use of combined (estrogen-containing) forms of 

hormonal contraception, may increase cholesterol levels in bile and also decrease gallbladder 

movement, resulting in gallstone formation. 

Composition 

The composition of gallstones is affected by age, diet and ethnicity. 

Cholesterol stones 

Cholesterol stones vary from light yellow to dark green or brown or chalk white and are oval, 

usually solitary, between 2 and 3 cm long, each often having a tiny, dark, central spot.  

Pigment stones 

Bilirubin ("pigment", "black pigment") stones are small, dark (often appearing black), and 

usually numerous.  

Mixed stones 

Mixed (brown pigment stones) typically contain 20–80% cholesterol (or 30–70%, according to 

the Japanese- classification system). Other common constituents are calcium carbonate, 

palmitate phosphate, bilirubin and other bile pigments (calcium bilirubinate, calcium palmitate 

and calcium stearate). Because of their calcium content, they are often radiographically visible. 

They typically arise secondary to infection of the biliary tract which results in the release of β-

glucuronidase (by injured hepatocytes and bacteria) which hydrolyzes bilirubin glucuronides and 

increases the amount of unconjugated bilirubin in bile. Between 4% and 20% of stones are 

mixed. 

Gallstones can vary in size and shape from as small as a grain of sand to as large as a golf ball. 

The gallbladder may contain a single large stone or many smaller ones. Pseudoliths, sometimes 

referred to as sludge, are thick secretions that may be present within the gallbladder, either alone 

or in conjunction with fully formed gallstones.  
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LIPIDS AND FATS 

Lipids are a broad group of diverse and naturally occurring, organic compounds. Lipids play a 

large role when it comes to energy storage and the structure of cells. They are divided into four 

main groups consisting of fats, lipids, hormones and steroids. The difference between fats and 

lipids is that fats are a subset of lipids. 

The functions of lipids include storing energy, signaling, and acting as structural components of 

cell membranes Lipids have applications in the cosmetic and food industries as well as in 

nanotechnology. 

Although the term "lipid" is sometimes used as a synonym for fats, fats are a subgroup of lipids 

called triglycerides. Lipids also encompass molecules such as fatty acids and their derivatives 

(including tri-, di-, monoglycerides, and phospholipids), as well as other sterol-containing 

metabolites such as cholesterol. 

Fats 

Fats, like protein and carbohydrates, are a nutrient group that supplies energy to the body. Fats 

are organic compounds that come in liquid or solid form. They are composed of saturated and 

unsaturated fatty acids. Saturated fat causes high levels of bad cholesterol, known as LDL, and 

can be found in animal products and vegetable oils. Unsaturated fats help to lower bad 

cholesterol, but still must be consumed in moderation because of their caloric content. 

Unsaturated fats are found in most liquid vegetable oils. Fat is one of the three main 

macronutrients, along with the other two: carbohydrate and protein. Fats molecules consist of 

primarily carbon and hydrogen atoms, thus they are all hydrocarbon molecules. Examples 

include cholesterol, phospholipids and triglycerides.  

The terms "lipid", "oil" and "fat" are often confused. "Lipid" is the general term, though a lipid is 

not necessarily a triglyceride. 

Classes of lipids 

Fatty acids 

Fatty acids, or fatty acid residues when they are part of a lipid, are a diverse group of molecules 

synthesized by chain-elongation of an acetyl-CoA primer with malonyl-CoA or methylmalonyl-

CoA groups in a process called fatty acid synthesis. 

Glycerolipids 

Glycerolipids are composed of mono-, di-, and tri-substituted glycerols, the best-known being 

the fatty acid triesters of glycerol, called triglycerides. The word "triacylglycerol" is sometimes 

used synonymously with "triglyceride". In these compounds, the three hydroxyl groups of 
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glycerol are each esterified, typically by different fatty acids. Because they function as an energy 

store, these lipids comprise the bulk of storage fat in animal tissues. 

Glycerophospholipids 

Glycerophospholipids, usually referred to as phospholipids (though sphingomyelins are also 

classified as phospholipids), are ubiquitous in nature and are key components of the lipid bilayer 

of cells, as well as being involved in metabolism and cell signaling 

Sphingolipids 

Sphingolipids are a complicated family of compounds that share a common structural feature, a 

sphingoid base backbone that is synthesized de novo from the amino acid serine and a long-chain 

fatty acyl CoA, then converted into ceramides, phosphosphingolipids, glycosphingolipids and 

other compounds. The major sphingoid base of mammals is commonly referred to as 

sphingosine. 

 Sterol lipids 

Sterol lipids, such as cholesterol and its derivatives, are an important component of membrane 

lipids, along with the glycerophospholipids and sphingomyelins. The steroids, all derived from 

the same fused four-ring core structure, have different biological roles as hormones and signaling 

molecules. Steroids are derived from 17 carbon atoms composed of four rings. There are 

hundreds of different types of steroids in plants, animals and fungi, and they are involved in a 

variety of physiological processes. Cholesterol is one of the most well-known steroids. Most 

media use of the term steroids refers to the use of anabolic steroids, which are used to enhance 

physical performance.  The eighteen-carbon (C18) steroids include the estrogen family whereas 

the C19 steroids comprise the androgens such as testosterone and androsterone. The C21 

subclass includes the progestogens as well as the glucocorticoids and mineralocorticoids. 

Phenol lipids 

Prenol lipids are synthesized from the five-carbon-unit precursors isopentenyl diphosphate and 

dimethylallyl diphosphate that are produced mainly via the mevalonic acid (MVA) pathway. 

Saccharolipids 

Saccharolipids describe compounds in which fatty acids are linked directly to a sugar backbone, 

forming structures that are compatible with membrane bilayers. In the saccharolipids, a 

monosaccharide substitutes for the glycerol backbone present in glycerolipids and 

glycerophospholipids. The most familiar saccharolipids are the acylated glucosamine precursors 

of the Lipid A component of the lipopolysaccharides in Gram-negative bacteria. 

Polyketides 
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Polyketides are synthesized by polymerization of acetyl and propionyl subunits by classic 

enzymes as well as iterative and multimodular enzymes that share mechanistic features with the 

fatty acid synthases. They comprise a large number of secondary metabolites and natural 

products from animal, plant, bacterial, fungal and marine sources, and have great structural 

diversity 

Waxes 

Waxes are a type of lipid that are the esthers of fatty acids. Well-known waxes include beeswax, 

spermaceti and carnuba wax. In nature, wax coatings help protect the surface of some fruits and 

leaves from dehydration, predators and pests. Feathers and fur also have a waxy coating to repel 

water. 

Hormones 

Hormones are a type of lipid that  bind to the surface of cells to create a response. Hormones 

bind to receptors to initiate a series of signals within a cell, such as gene expression or 

repression. Multicellular organisms all produce hormones like plants and animals. 

Lipid profile 

Lipid profile or lipid panel is a panel of blood tests that serves as an initial screening tool for 

abnormalities in lipids, such as cholesterol and triglycerides. The results of this test can identify 

certain genetic diseases and can determine approximate risks for cardiovascular disease, certain 

forms of pancreatitis, and other diseases. 

The lipid profile typically includes: 

 Low-density lipoprotein (LDL) 

 High-density lipoprotein (HDL) 

 Triglycerides 

 Total cholesterol 

Using these values, a laboratory may also calculate: 

 Very low-density lipoprotein (VLDL) 

 Cholesterol:HDL ratio 

The lipid profile tests are of 7 types: 

 Total lipids 

 Serum total cholesterol 

https://en.wikipedia.org/wiki/Low-density_lipoprotein
https://en.wikipedia.org/wiki/High-density_lipoprotein
https://en.wikipedia.org/wiki/Triglycerides
https://en.wikipedia.org/wiki/Cholesterol
https://en.wikipedia.org/wiki/Very_low-density_lipoprotein
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 serum HDL cholesterol 

 Total cholesterol/HDL cholesterol ratio 

 Serum triglycerides 

 Serum Phospholipids 

 Electrophoretic fractionation to determination percentage of 

 (a) Chylomicrons 

 (b) LDL 

 (c) VLDL 

 (d) HDL 

Typically the laboratory measures only three quantities: total cholesterol; HDL; Triglycerides. 

From these three data LDL may be calculated. According to Friedewald's equation:  

 LDL = Total cholesterol - HDL - Triglycerides/5 

Other calculations of LDL from those same three data have been proposed which yield some 

significantly different results.  

VLDL may be defined as the total cholesterol that is neither HDL nor LDL. Then Friedewald's 

equation mentioned above yields: 

 VLDL = Triglycerides/5 

Cholesterol 

Cholesterol is a waxy substance. It’s not inherently “bad.” In fact, the body needs it to build 

cells. But too much cholesterol can pose a problem. 

Cholesterol comes from two sources. Liver makes all the cholesterol needed by the body. The 

remainder of the cholesterol in body comes from foods derived from animals. For example, 

meat, poultry and full-fat dairy products all contain cholesterol, called dietary cholesterol. 

Those same foods are high in saturated and trans fats. Those fats cause liver to make more 

cholesterol than it otherwise would. For some people, this added production means they go from 

a normal cholesterol level to one that’s unhealthy. 

Some tropical oils – such as palm oil, palm kernel oil and coconut oil – can also trigger liver to 

make more cholesterol. These oils are often found in baked goods. 
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Metabolism, recycling and excretion 

Cholesterol is susceptible to oxidation and easily forms oxygenated derivatives called oxysterols. 

Three different mechanisms can form these: autoxidation, secondary oxidation to lipid 

peroxidation, and cholesterol-metabolizing enzyme oxidation. A great interest in oxysterols arose 

when they were shown to exert inhibitory actions on cholesterol biosynthesis. 

Cholesterol is oxidized by the liver into a variety of bile acids. These, in turn, are conjugated 

with glycine, taurine, glucuronic acid, or sulfate. A mixture of conjugated and nonconjugated 

bile acids, along with cholesterol itself, is excreted from the liver into the bile. Approximately 

95% of the bile acids are reabsorbed from the intestines, and the remainder are lost in the 

feces.The excretion and reabsorption of bile acids forms the basis of the enterohepatic 

circulation, which is essential for the digestion and absorption of dietary fats. Under certain 

circumstances, when more concentrated, as in the gallbladder, cholesterol crystallises and is the 

major constituent of most gallstones (lecithin and bilirubin gallstones also occur, but less 

frequently). Every day, up to 1 g of cholesterol enters the colon. This cholesterol originates from 

the diet, bile, and desquamated intestinal cells, and can be metabolized by the colonic bacteria. 

Cholesterol is converted mainly into coprostanol, a nonabsorbable sterol that is excreted in the 

feces. A cholesterol-reducing bacterium origin has been isolated from human feces. 

Although cholesterol is a steroid generally associated with mammals, the human pathogen 

Mycobacterium tuberculosis is able to completely degrade this molecule and contains a large 

number of genes that are regulated by its presence.Many of these cholesterol-regulated genes are 

homologues of fatty acid β-oxidation genes, but have evolved in such a way as to bind large 

steroid substrates like cholesterol. 

Triglyceride 

A triglyceride (TG, triacylglycerol, TAG, or triacylglyceride) is an ester derived from glycerol 

and three fatty acids (from tri- and glyceride).Triglycerides are the main constituents of body fat 

in humans and other animals, as well as vegetable fat. They are also present in the blood to 

enable the bidirectional transference of adipose fat and blood glucose from the liver, and are a 

major component of human skin oils. 

There are many different types of triglyceride, with the main division between saturated and 

unsaturated types. Saturated fats are "saturated" with hydrogen — all available places where 

hydrogen atoms could be bonded to carbon atoms are occupied. These have a higher melting 

point and are more likely to be solid at room temperature. Unsaturated fats have double bonds 

between some of the carbon atoms, reducing the number of places where hydrogen atoms can 

bond to carbon atoms. These have a lower melting point and are more likely to be liquid at room 

temperature. 

Metabolism  
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The pancreatic lipase acts at the ester bond, hydrolyzing the bond and "releasing" the fatty acid. 

In triglyceride form, lipids cannot be absorbed by the duodenum. Fatty acids, monoglycerides 

(one glycerol, one fatty acid), and some diglycerides are absorbed by the duodenum, once the 

triglycerides have been broken down. 

In the intestine, following the secretion of lipases and bile, triglycerides are split into 

monoacylglycerol and free fatty acids in a process called lipolysis. They are subsequently moved 

to absorptive enterocyte cells lining the intestines. The triglycerides are rebuilt in the enterocytes 

from their fragments and packaged together with cholesterol and proteins to form chylomicrons. 

These are excreted from the cells and collected by the lymph system and transported to the large 

vessels near the heart before being mixed into the blood. Various tissues can capture the 

chylomicrons, releasing the triglycerides to be used as a source of energy. Liver cells can 

synthesize and store triglycerides. When the body requires fatty acids as an energy source, the 

hormone glucagon signals the breakdown of the triglycerides by hormone-sensitive lipase to 

release free fatty acids. As the brain cannot utilize fatty acids as an energy source (unless 

converted to a ketone), the glycerol component of triglycerides can be converted into glucose, 

via gluconeogenesis by conversion into dihydroxyacetone phosphate and then into 

glyceraldehyde 3-phosphate, for brain fuel when it is broken down. Fat cells may also be broken 

down for that reason if the brain's needs ever outweigh the body's. 

Triglycerides cannot pass through cell membranes freely. Special enzymes on the walls of blood 

vessels called lipoprotein lipases must break down triglycerides into free fatty acids and glycerol. 

Fatty acids can then be taken up by cells via the fatty acid transporter (FAT). 

Triglycerides, as major components of very-low-density lipoprotein (VLDL) and chylomicrons, 

play an important role in metabolism as energy sources and transporters of dietary fat. They 

contain more than twice as much energy (approximately 9 kcal/g or 38 kJ/g) as carbohydrates 

(approximately 4 kcal/g or 17 kJ/g) 

Fatty acid 

a fatty acid is a carboxylic acid with a long aliphatic chain, which is either saturated or 

unsaturated. Most naturally occurring fatty acids have an unbranched chain of an even number of 

carbon atoms, from 4 to 28. 

Types of fatty acids 

Types of fatty acids by length  

Fatty acids differ by length, often categorized as short to very long. 

 Short-chain fatty acids (SCFA) are fatty acids with aliphatic tails of five or 

fewer carbons (e.g. butyric acid). 

https://en.wikipedia.org/wiki/Short-chain_fatty_acid
https://en.wikipedia.org/wiki/Aliphatic
https://en.wikipedia.org/wiki/Carbon
https://en.wikipedia.org/wiki/Butyric_acid
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 Medium-chain fatty acids (MCFA) are fatty acids with aliphatic tails of 6 to 

12[7] carbons, which can form medium-chain triglycerides. 

 Long-chain fatty acids (LCFA) are fatty acids with aliphatic tails of 13 to 21 carbons. 

 Very long chain fatty acids (VLCFA) are fatty acids with aliphatic tails of 22 or 

more carbons. 

Saturated fatty acids/Fats 

Saturated fatty acids have no C=C double bonds. They have the same formula 

CH3(CH2)nCOOH, with variations in "n". An important saturated fatty acid is stearic acid (n = 

16), which when neutralized with lye is the most common form of soap. 

 

Unsaturated fatty acids 

Unsaturated fatty acids have one or more C=C double bonds. The C=C double bonds can give 

either cis or trans isomers. A cis configuration means that the two hydrogen atoms adjacent to 

the double bond stick out on the same side of the chain. A trans configuration, by contrast, means 

that the adjacent two hydrogen atoms lie on opposite sides of the chain. 

Free fatty acids 

When circulating in the plasma (plasma fatty acids) are not in their ester, fatty acids are known 

as non-esterified fatty acids (NEFAs) or free fatty acids (FFAs). FFAs are always bound to a 

transport protein, such as albumin. 

Metabolism 

Acetyl coenzyme A is a central metabolite for both the biosynthesis and catabolism of fatty 

acids. Although the steps in the biosynthetic and catabolic schemes are closely related, there are 

specific differences. The individual steps are also independent by their spatial separation in 

biological cells, as biosynthesis occurs in the 

cytosol while catabolism takes place in the mitochondria. The evennumbered ([C 2 ] n ) common 

fatty acids result from the sequential two-carbon elongation of acetyl CoA by a series of 

enzymatic reactions utilizing one or more molecules of acetyl CoA. The two-step elongation 

scheme of fatty acid biosynthesis is catalyzed by either discrete enzymes catalyzing specific 

steps or by a large multi-enzyme complex able to catalyze all steps in the pathway. 

The first step of converting acetyl CoA into the more reactive acetylacyl carrier protein (Acetyl-

ACP) is catalyzed by ACP transacylase. The acetyl group is then transferred from ACP to a 

cysteine residue of the synthase complex. In the third step, carboxylation of acetyl CoA is 

catalyzed by acetyl CoA carboxylase with bicarbonate and ATP to yield malonyl CoA and ADP. 

https://en.wikipedia.org/wiki/Medium-chain_triglyceride
https://en.wikipedia.org/wiki/Aliphatic
https://en.wikipedia.org/wiki/Fatty_acid#cite_note-e-medicine-7
https://en.wikipedia.org/wiki/Carbon
https://en.wikipedia.org/wiki/Medium-chain_triglyceride
https://en.wikipedia.org/wiki/Aliphatic
https://en.wikipedia.org/wiki/Carbon
https://en.wikipedia.org/wiki/Very_long_chain_fatty_acid
https://en.wikipedia.org/wiki/Aliphatic
https://en.wikipedia.org/wiki/Carbon
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In this reaction, biotin acts as a carbon dioxide carrier which transfers carbon dioxide to acetyl 

CoA. The malonyl group is subsequently converted through a nucleophilic acyl substitution 

reaction into malonyl-ACP. Thus, both acetyl and malonyl groups are bound to an ACP arm of 

the synthase complex. The key fifth step consists of the Claisen condensation reaction between 

the bound acetyl and malonyl groups to give acetoacetyl-ACP. In the sixth step, an 

enantioselective reduction of the ketone carbonyl group catalyzed by ß-ketothioester reductase 

yields ß-hydroxybutyryl-ACP, with a new chiral center in the R -configuration. Enzymatic 

dehydration in step 7 yields trans -crotonyl-ACP, which is converted in step 8 by NADPH-

dependent reduction of the carboncarbon double bond to butyryl-ACP. 

 

Fatty acid catabolism in the mitochondria of cells provides energy by the ß-oxidation pathway 

and is composed of a repetitive sequence of four enzymatic reaction steps. The fatty acid chain is 

cleaved from the carboxy-terminus in a stepwise fashion. The first step of the ß-oxidation 

pathway starts with an acyl CoA-dehydrogenasecatalyzed desaturation at C2-C3 using an FAD 

cofactor to yield an a,ß-unsaturated acyl-CoA. An enoyl-CoA hydratase-catalyzed syn- addition 

of water to the a,ß-unsaturated acyl-CoA in the second step yields 3 S -hydroxyacyl-CoA. Next, 

3 S -hydroxyacyl-CoA is oxidized to the corresponding ß-ketoacyl-CoA by NAD-dependent 

enantioselective 3-hydroxyacyl-CoA dehydrogenases. In the final step, the ß-ketoester is cleaved 

to two CoA esters in a ß-ketoacylthiolase-catalyzed retro-Claisen reaction. While the common 

fatty acids with an even number of carbon atoms produce two molecules of acetyl-CoA in the 

final passage, fatty acids with an odd number of carbon atoms lead to one molecule of acetyl-

CoA and one molecule of propionyl-CoA. 

Summary of fatty acid metabolism 

Fatty acid degradation and synthesis are relatively simple processes that are essentially the 

reverse of each other. The process of degradation converts an aliphatic compound into a set of 

activated acetyl units (acetyl CoA) that can be processed by the citric acid cycle. An activated 

fatty acid is oxidized to introduce a double bond; the double bond is hydrated to introduce an 

oxygen; the alcohol is oxidized to a ketone; and, finally, the four carbon fragment is cleaved by 

coenzyme A to yield acetyl CoA and a fatty acid chain two carbons shorter. If the fatty acid has 

an even number of carbon atoms and is saturated, the process is simply repeated until the fatty 

acid is completely converted into acetyl CoA units. Fatty acid synthesis is essentially the reverse 

of this process. Because the result is a polymer, the process starts with monomers—in this case 

with activated acyl group (most simply, an acetyl unit) and malonyl units . The malonyl unit is 

condensed with the acetyl unit to form a four-carbon fragment. To produce the required 

hydrocarbon chain, the carbonyl must be reduced. The fragment is reduced, dehydrated, and 

reduced again, exactly the opposite of degradation, to bring the carbonyl group to the level of a 

methylene group with the formation of butyryl CoA. Another activated malonyl group condenses 

with the butyryl unit and the process is repeated until a C16 fatty acid is synthesized. 

Lipoprotein 
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A lipoprotein is a biochemical assembly whose primary purpose is to transport hydrophobic lipid 

(a.k.a. fat) molecules in water, as in blood or extracellular fluid. They have a single-layer 

phospholipid and cholesterol outer shell, with the hydrophilic portions oriented outward toward 

the surrounding water and lipophilic portions of each molecule oriented inwards toward the 

lipids molecules within the particles. Apolipoproteins are embedded in the membrane, both 

stabilising the complex and giving it functional identity determining its fate. Thus the complex 

serves to emulsify the fats. Many enzymes, transporters, structural proteins, antigens, adhesions, 

and toxins are lipoproteins. Examples include the plasma lipoprotein particles classified as HDL, 

LDL, IDL, VLDL and ULDL (a.k.a. chylomicrons) lipoproteins, according to density / size (an 

inverse relationship), compared with the surrounding plasma water. 

High-density lipoproteins (HDL) 

High-density lipoproteins (HDL)  are complex particles composed of multiple proteins which 

transport all fat molecules (lipids) around the body within the water outside cells. The lipids 

carried include cholesterol, phospholipids, and triglycerides, amounts of each are quite variable. 

Increasing concentrations of HDL particles are strongly associated with decreasing accumulation 

of atherosclerosis within the walls of arteries. Increasing concentrations of HDL particles are 

strongly associated with decreasing accumulation of atherosclerosis within the walls of arteries.  

Low-density lipoprotein(LDL) 

Low-density lipoprotein (LDL) is one of the five major groups of lipoprotein which transport all 

fat molecules around the body in the extracellular water. LDL – ‘bad cholesterol’  delivers fat 

molecules to the cells and can drive the progression of atherosclerosis if they become oxidized 

within the walls of arteries. The lipids carried include all fat molecules with cholesterol, 

phospholipids, and triglycerides dominant; amounts of each varying considerably. Increased 

concentrations of LDL particles is strongly associated with the development of atherosclerosis 

over time. LDL particles are formed as VLDL lose triglyceride through the action of lipoprotein 

lipase (LPL) and they become smaller and denser (i.e. fewer fat molecules with same protein 

transport shell), containing a higher proportion of cholesterol esters  

Intermediate-density lipoproteins (IDLs) 

Intermediate-density lipoproteins (IDLs) belong to the lipoprotein particle family and are formed 

from the degradation of very low-density lipoproteins as well as high-density lipoproteins. IDL is 

one of the five major groups of lipoproteins (chylomicrons, VLDL, IDL, LDL, HDL) that enable 

fats and cholesterol to move within the water-based solution of the bloodstream. Each native IDL 

particle consists of protein that encircles various lipids, enabling, as a water-soluble particle, 

these lipids to travel in the aqueous blood environment as part of the fat transport system within 

the body. Their size is, in general, 25 to 35 nm in diameter, and they contain primarily a range of 

triacylglycerols and cholesterol esters. They are cleared from the plasma into the liver by 

receptor-mediated endocytosis, or further degraded by hepatic lipase to form LDL particles. 
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Although one might intuitively assume that "intermediate-density" refers to a density between 

that of high-density and low-density lipoproteins, it in fact refers to a density between that of 

low-density and very-low-density lipoproteins.  

In general, IDL, somewhat similar to low-density lipoprotein (LDL), transports a variety of 

triglyceride fats and cholesterol and, like LDL, can also promote the growth of atheroma. 

VLDL is a large, triglyceride-rich lipoprotein secreted by the liver that transports triglyceride to 

adipose tissue and muscle. The triglycerides in VLDL are removed in capillaries by the enzyme 

lipoprotein lipase, and the VLDL returns to the circulation as a smaller particle with a new name, 

intermediate-density lipoprotein (IDL). The IDL particles have lost most of their triglyceride, but 

they retain cholesteryl esters. Some of the IDL particles are rapidly taken up by the liver; others 

remain in circulation, where they undergo further triglyceride hydrolysis by hepatic lipase and 

are converted to LDL. A distinguishing feature of the IDL particle is their content of multiple 

copies of the receptor ligand ApoE in addition to a single copy of ApoB-100. The multiple 

copies of ApoE allow IDL to bind to the LDL receptor with a very high affinity. When IDL is 

converted to LDL, the ApoE leaves the particle and only the ApoB-100 remains. Thereafter, the 

affinity for the LDL receptor is much reduced 

Very-low-density lipoprotein (VLDL) 

Very-low-density lipoprotein (VLDL), density relative to extracellular water, is a type of 

lipoprotein made by the liver.[1] VLDL is one of the five major groups of lipoproteins 

(chylomicrons, VLDL, intermediate-density lipoprotein, low-density lipoprotein, high-density 

lipoprotein) that enable fats and cholesterol to move within the water-based solution of the 

bloodstream. VLDL is assembled in the liver from triglycerides, cholesterol, and 

apolipoproteins. VLDL is converted in the bloodstream to low-density lipoprotein (LDL) and 

intermediate-density lipoprotein (IDL). VLDL particles have a diameter of 30–80 nm. VLDL 

transports endogenous products, whereas chylomicrons transport exogenous (dietary) products. 

Very low-density lipoproteins transport endogenous triglycerides, phospholipids, cholesterol, 

and cholesteryl esters.  

Chylomicrons or Ultra Low Density Lipoproteins (ULDL)  

Ultra Low Density Lipoproteins (ULDL), historically commonly called chylomicrons (dating to 

before these particles were better characterized and understood) are one of the five major groups 

of lipoprotein, as divided by density or size [an inherently inverse relationship because the larger 

particles (higher ratio of fat molecules inside compared with the outer emulsifying protein 

molecules in the shell) and fats are always lower density than either protein or water molecules, 

i.e. fats float in water.]. Specifically they are the largest and only lipoprotein particles (which 
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transport fat molecules around the body in the water outside cells) which can sometimes (if large 

enough, at close to about 1,000 microns or more) be seen using only a light microscope, at 

maximum magnification. All the other classes are submicroscopic, one of the reasons these 

particles were long difficult to identify and better understand.  

Lipoprotein electrophoresis 

Lipoprotein electrophoresis measures lipoprotein fractions to determine abnormal distribution 

and concentration of lipoproteins in the serum, an important risk factor in the development of 

coronary artery disease (CAD). The lipoprotein fractions, in order of increasing density, are (1) 

chylomicrons, (2) very-low-density lipoprotein (VLDL), (3) low-density lipoprotein (LDL), and 

(4) high-density lipoprotein (HDL). Chylomicrons and VLDL contain the highest levels of 

triglycerides and lower amounts of cholesterol and protein. LDL and HDL contain the lowest 

amounts of triglycerides and relatively higher amounts of cholesterol and protein. Studies have 

shown that CAD is inversely related to LDL cholesterol (LDLC) particle size. An electrophoretic 

pattern demonstrating the presence of small, dense LDL particles (non-A) carries a threefold risk 

for developing CAD over the presence of larger, more buoyant LDLC particles. 
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PROTEINS 
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Plasma Protein 

 

The proteins present in the plasma of human blood are a mixture of simple proteins, 

glycoproteins, lipoproteins and other conjugated proteins are called “Plasma Proteins“. These 

may be separated by salt precipitation, immunological technique and electrophoresis. 

 

Types of Plasma Proteins: 

The three major fractions of plasma proteins are known as Albumin, globulin and Fibrinogen.  

On a finer resolution by electrophoresis, these fractions are separated as follows – 

 Albumin – 55.2% 

 α1-Globulin – 5.3% (α1-Antitrypsin, TBG, Transcortin, etc) 

 α2-Globulin – 8.6% (Haptoglobulin, ceruloplasmin, α2- macroglobulin, etc) 
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 β-Globulin – 13.4% (β1-transferin, β-lipoprotein, etc) 

 ¥-Globulin – 11.0% (Antibodies, etc) 

 Fibrinogen – 6.5% 

 

  

 
Albumin: 

This is the most abundant class of plasma proteins (2.8 to 4.5 gm/100ml) with highest 

electrophoretic mobility. It is soluble in water ad is precipitated by fully saturated ammonium 

sulphate. Albumin is synthesized in liver and consists of a single polypeptide chain of 610 amino 

acids having a molecular weight of 69,000. It is rich in some essential amino acids such as 

lysine, leucine, valine, phenylalanine, threonine, arginine and histidine. The acidic amino acids 

like aspartic acid and glutamic acid are also concentrated in albumin. The presence of these 

residues makes the molecule highly charged with positive and negative charge. Besides having a 

nutritive role, albumin acts as a transport carrier for various biomolecules such s fatty acids, trace 

elements and drugs.. Another important role of albumin is in the maintenance of osmotic 

pressure and fluid distribution between blood and tissues. 
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Globulins: 

By electrophoresis plasma globulins are separated into α1, α2,β and ¥-globulins are synthesized 

in liver, whereas ¥-globulins are formed in the cells of reticulo-endothelial system. The average 

normal serum globulin (total) concentration is 2.5 gm / 100 ml (Howe method) or 3.53 gm/100 

ml by electrophoresis. 

α1-Globulin: 

This fraction includes several complex proteins containing carbohydrates and lipids. These are, 

orosomucoid, α1-glycoprotein and α-lipoproteins. The normal serum level of α1-globulin is 0.42 

gm/100 ml. 

Orosomucoid is rich in carbohydrates. It is water-soluble, heat stable and has a molecular weight 

of 44,000. It serves to transport hexosamine complexes to tissues. 

Lipoproteins are soluble complexes which contain non-covalently bound lipid. These proteins act 

mainly as transport carrier to different types of lipids in the body. 

α2-Globulins: 
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This fraction also contains complex proteins such as α2-glycoproteins, plasminogen, 

prothrombin, haptoglobulin, ceruloplasmin (transports Cu) and α2-macroglobulin. The normal 

serum value of this fraction is 0.67 gm/100ml. 

Plasminogen and prothrombin are in the inactive precursors of plasmin and thrombin 

respectively. Both these proteins play an important role in blood clotting. 

Haptoglobulins are also glycoproteins having a molecular weight of 85,000. These are 

synthesized in liver and can bind with any free hemoglobin that may arise in plasma due to lysis 

of erythrocytes and thus prevent excretion of Hb and iron associated with it. 

Ceruloplasmin is a glycoprotein synthesized in liver and is an important component of copper 

metabolism in the body. Nearly 95% of plasma copper is bound to this protein. 

β-Globulins: 

This fraction of plasma proteins contain these different β-lipoproteins which are very rich in lipid 

content. It also contains transferrin (siderophilin) which transports non-heme iron in plasma. The 

normal serum value of β-globulins is 0.91 gm/100ml. 

Transferrin is an iron transport protein. In plasma it can be saturated even up to 33% with iron. It 

has a low content of carbohydrate. 

¥-Globulins: 

These are also called as Immunoglobulins and possess antibody activity. On the basis of their 

electrophoretic mobility they are classified as IgG, IgA and IgM. 

Fibrinogen: 

It is a fibrous protein with a molecular weight of 340,000. It has 6 polypeptide chains which are 

held together by disulphide linkages. Fibrinogen plays an important role in clothing of blood 

where it is converted to fibrin by thrombin. 

In addition to the above mentioned proteins, the plasma contains a number of enzymes such 

as acid phosphatase and alkaline phosphatase which have great diagnostic value. 

Functions of Plasma Proteins: 
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1. Protein Nutrition: Plasma proteins act as a source of protein for the tissues, whenever the need 

arises. 

2. Osmotic Pressure and water balance: Plasma proteins exert an osmotic pressure of about 25 

mm of Hg and therefore play an important role in maintaining a proper water balance between 

the tissues and blood. Plasma albumin is mainly responsible for this function due to its low 

molecular weight and quantitative dominance over other proteins. During the condition of 

protein loss from the body as occurs in kidney diseases, excessive amount of water moves to the 

tissues producing edema. 

3. Buffering action: Plasma proteins help in maintaining the pH of the body by acting 

asampholytes. At normal blood pH they act as acids and accept captions. 

4. Transport of Lipids: One of the most important functions of plasma proteins us to transport 

lipids and lipid soluble substances in the body. Fatty acids and bilirubin are transported mainly 

by albumin, whereas cholesterol and phospholipids are carried by the lipoproteins present in β-

globulins also transport fat soluble vitamins (A, D, K and E) 

5. Transport of other substances: In addition to lipids, plasma proteins also transport several 

metals and other substances α2-Globulins transport copper (Ceruloplasmin), bound hemoglobin 

(haptoglobin) and thyroxine (glycoprotein) and non-heme iron is transported by transferrin 

present in β-globulin fraction. Calcium, Magnesium, some drugs and dyes and several cations 

and anions are transported by plasma albumin. 

6. Blood Coagulation: Prothrombin present in α2-globulin fraction and fibrinogen, participate in 

the blood clotting process as follows. 

 

 

Serum Protein   

Protein in the serum is made up of albumin and globulin. The globulin in turn is made up of α1, 

α2, β, and γ globulins. These fractions can be quantitated using protein electrophoresis, but the 

total protein test is a faster and cheaper test that estimates the total of all fractions together. The 

traditional method for measuring total protein uses the biuret reagent, but other chemical 

methods such as Kjeldahl method, dye-binding and refractometry are now available. The 

measurement is usually performed on automated analysers along with other laboratory tests. 
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Protein metabolism 

Much of the body is made of protein, and these proteins take on a myriad of forms. They 

represent cell signaling receptors, signaling molecules, structural members, enzymes, 

intracellular trafficking components, extracellular matrix scaffolds, ion pumps, ion channels, 

oxygen and CO2 transporters (hemoglobin). That is not even the complete list! There is protein 

in bones (collagen), muscles, and tendons; the hemoglobin that transports oxygen; and enzymes 

that catalyze all biochemical reactions. Protein is also used for growth and repair. Amid all these 

necessary functions, proteins also hold the potential to serve as a metabolic fuel source. Proteins 

are not stored for later use, so excess proteins must be converted into glucose or triglycerides, 

and used to supply energy or build energy reserves. Although the body can synthesize proteins 

from amino acids, food is an important source of those amino acids, especially because humans 

cannot synthesize all of the 20 amino acids used to build proteins. 

 

The digestion of proteins begins in the stomach. When protein-rich foods enter the stomach, they 

are greeted by a mixture of the enzyme pepsin and hydrochloric acid (HCl; 0.5 percent). The 

latter produces an environmental pH of 1.5–3.5 that denatures proteins within food. Pepsin cuts 

proteins into smaller polypeptides and their constituent amino acids. When the food-gastric juice 

mixture (chyme) enters the small intestine, the pancreas releases sodium bicarbonate to 

neutralize the HCl. This helps to protect the lining of the intestine. The small intestine also 

releases digestive hormones, including secretin and CCK, which stimulate digestive processes to 

break down the proteins further. Secretin also stimulates the pancreas to release sodium 

bicarbonate. The pancreas releases most of the digestive enzymes, including the proteases 

trypsin, chymotrypsin, and elastase, which aid protein digestion. Together, all of these enzymes 

break complex proteins into smaller individual amino acids , which are then transported across 

the intestinal mucosa to be used to create new proteins, or to be converted into fats or acetyl CoA 

and used in the Krebs cycle. 

 

The left panel shows the main organs of the digestive system, and the right panel shows a 

magnified view of the intestine. Text callouts indicate the different protein digesting enzymes 

produced in different organs. 

Figure 1. Digestive Enzymes and Hormones. Enzymes in the stomach and small intestine break 

down proteins into amino acids. HCl in the stomach aids in proteolysis, and hormones secreted 

by intestinal cells direct the digestive processes. 
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In order to avoid breaking down the proteins that make up the pancreas and small intestine, 

pancreatic enzymes are released as inactive proenzymes that are only activated in the small 

intestine. In the pancreas, vesicles store trypsin and chymotrypsin as trypsinogen and 

chymotrypsinogen. Once released into the small intestine, an enzyme found in the wall of the 

small intestine, called enterokinase, binds to trypsinogen and converts it into its active form, 

trypsin. Trypsin then binds to chymotrypsinogen to convert it into the active chymotrypsin. 

Trypsin and chymotrypsin break down large proteins into smaller peptides, a process called 

proteolysis. These smaller peptides are catabolized into their constituent amino acids, which are 

transported across the apical surface of the intestinal mucosa in a process that is mediated by 

sodium-amino acid transporters. These transporters bind sodium and then bind the amino acid to 

transport it across the membrane. At the basal surface of the mucosal cells, the sodium and 

amino acid are released. The sodium can be reused in the transporter, whereas the amino acids 

are transferred into the bloodstream to be transported to the liver and cells throughout the body 

for protein synthesis. 

 

Freely available amino acids are used to create proteins. If amino acids exist in excess, the body 

has no capacity or mechanism for their storage; thus, they are converted into glucose or ketones, 

or they are decomposed. Amino acid decomposition results in hydrocarbons and nitrogenous 

waste. However, high concentrations of nitrogen are toxic. The urea cycle processes nitrogen and 

facilitates its excretion from the body. 

Anabolism 

Protein anabolism is the process by which protein are formed from amino acids (anabolic amino 

acid synthesis). 

Protein biosynthesis relies on four processes: 

Amino acid synthesis 

Amino acid synthesis is the set of biochemical processes (metabolic pathways) by which the 

various amino acids are produced from other compounds. The substrates for these processes are 

various compounds in the organism's diet or growth media. Not all organisms are able to 

synthesize all amino acids. Humans are an excellent example of this, since humans can only 

synthesize 11 of the 20 standard amino acids (a.k.a. non-essential amino acid), and in time of 

accelerated growth, histidine, can be considered an essential amino acid 

RNA synthesis 

Transcription 

https://en.wikipedia.org/wiki/Biochemical
https://en.wikipedia.org/wiki/Metabolic_pathways
https://en.wikipedia.org/wiki/Amino_acid
https://en.wikipedia.org/wiki/Chemical_compound
https://en.wikipedia.org/wiki/Organism
https://en.wikipedia.org/wiki/Non-essential_amino_acid
https://en.wikipedia.org/wiki/Histidine
https://en.wikipedia.org/wiki/Essential_amino_acid
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Transcription is the first step of gene expression, in which a particular segment of DNA is copied 

into RNA (especially mRNA) by the enzyme RNA polymerase. Both DNA and RNA are nucleic 

acids, which use base pairs of nucleotides as a complementary language. During transcription, a 

DNA sequence is read by an RNA polymerase, which produces a complementary, antiparallel 

RNA strand called a primary transcript. 

Transcription proceeds in the following general steps: 

 

 RNA polymerase, together with one or more general transcription factors, binds to 

promoter DNA. 

 RNA polymerase creates a transcription bubble, which separates the two strands of the 

DNA helix. This is done by breaking the hydrogen bonds between complementary DNA 

nucleotides. 

 RNA polymerase adds RNA nucleotides (which are complementary to the nucleotides of 

one DNA strand). 

 RNA sugar-phosphate backbone forms with assistance from RNA polymerase to form an 

RNA strand. 

 Hydrogen bonds of the RNA–DNA helix break, freeing the newly synthesized RNA 

strand. 

 If the cell has a nucleus, the RNA may be further processed. This may include 

polyadenylation, capping, and splicing. 

 The RNA may remain in the nucleus or exit to the cytoplasm through the nuclear pore 

complex. 

 

Translation 

In molecular biology and genetics, translation is the process in which ribosomes in the 

cytoplasm or ER synthesize proteins after the process of transcription of DNA to RNA in the 

cell's nucleus. The entire process is called gene expression. 

In translation, messenger RNA (mRNA) is decoded in a ribosome to produce a specific amino 

acid chain, or polypeptide. The polypeptide later folds into an active protein and performs its 

functions in the cell. The ribosomefacilitates decoding by inducing the binding 

of complementary tRNA anticodon sequences to mRNA codons. The tRNAs carry specific 

amino acids that are chained together into a polypeptide as the mRNA passes through and is 

"read" by the ribosome. 

Translation proceeds in three phases: 

1. Initiation: The ribosome assembles around the target mRNA. The first tRNA is attached 

at the start codon. 

https://en.wikipedia.org/wiki/Molecular_biology
https://en.wikipedia.org/wiki/Genetics
https://en.wikipedia.org/wiki/Ribosomes
https://en.wikipedia.org/wiki/Endoplasmic_reticulum
https://en.wikipedia.org/wiki/Transcription_(biology)
https://en.wikipedia.org/wiki/DNA
https://en.wikipedia.org/wiki/RNA
https://en.wikipedia.org/wiki/Nucleus_(cell)
https://en.wikipedia.org/wiki/Gene_expression
https://en.wikipedia.org/wiki/MRNA
https://en.wikipedia.org/wiki/Amino_acid
https://en.wikipedia.org/wiki/Amino_acid
https://en.wikipedia.org/wiki/Polypeptide
https://en.wikipedia.org/wiki/Protein_folding
https://en.wikipedia.org/wiki/Activation_energy
https://en.wikipedia.org/wiki/Cell_(biology)
https://en.wikipedia.org/wiki/Ribosome
https://en.wikipedia.org/wiki/Base_pair
https://en.wikipedia.org/wiki/TRNA
https://en.wikipedia.org/wiki/Anticodon
https://en.wikipedia.org/wiki/Codons
https://en.wikipedia.org/wiki/Start_codon
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2. Elongation: The tRNA transfers an amino acid to the tRNA corresponding to the next 

codon. The ribosome then moves (translocates) to the next mRNA codon to continue the 

process, creating an amino acid chain. 

3. Termination: When a stop codon is reached, the ribosome releases the polypeptide. 

 

Amino acids 

Amino acids are organic compounds containing amine (-NH2) and carboxyl (-COOH) functional 

groups, along with a side chain (R group) specific to each amino acid. The key elements of an 

amino acid are carbon (C), hydrogen (H), oxygen (O), and nitrogen (N), although other elements 

are found in the side chains of certain amino acids. About 500 naturally occurring amino acids 

are known (though only 20 appear in the genetic code) and can be classified in many ways.[4] 

They can be classified according to the core structural functional groups' locations as alpha- (α-), 

beta- (β-), gamma- (γ-) or delta- (δ-) amino acids; other categories relate to polarity, pH level, 

and side chain group type (aliphatic, acyclic, aromatic, containing hydroxyl or sulfur, etc.). In the 

form of proteins, amino acid residues form the second-largest component (water is the largest) of 

human muscles and other tissues.Beyond their role as residues in proteins, amino acids 

participate in a number of processes such as neurotransmitter transport and biosynthesis. 

 

Essential Amino Acids 

The essential amino acids, which are also referred to as indispensable, are the ones we must get 

through the foods we eat because the body can’t make them. Nine out of the 20 amino acids are 

essential, but adults only need to obtain eight of them: valine, isoleucine, leucine, lysine, 

methionine, phenylalanine, threonine and tryptophan. The ninth amino acid -- histidine -- is only 

essential for infants. The body doesn’t store amino acids, so it needs a regular daily supply of 

these essential building blocks. 

Nonessential Amino Acids 

Nonessential is a slightly misleading label because these amino acids actually fill essential roles, 

but since they’re synthesized by the body, they’re not an essential part of the diet. However, we'll 

still be able to get nonessential amino acids via the diet. The difference is that we don't need to 

worry about getting enough of these amino acids, since the body will compensate for any gaps in 

the diet. Alanine, asparagine, arginine, glutamine, tyrosine, cysteine, glycine, proline, serine, 

aspartate and ornithine are non-esssential amino acids. 

Conditionally Essential Amino Acids 

Of the 11 nonessential amino acids, eight are called conditional amino acids. When we’re sick or 

under significant stress, the body may not be able to produce enough of these amino acids to 
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meet the needs. The list of conditional amino acids includes arginine, glutamine, tyrosine, 

cysteine, glycine, proline, serine and ornithine. 

 

 

 

 

 

 

 

 

 

 

CARBOHYDRATES 

A carbohydrate  is a biomolecule consisting of carbon (C), hydrogen (H) and oxygen (O) atoms, 

usually with a hydrogen–oxygen atom ratio of 2:1 (as in water) and thus with the empirical 

formula Cm(H2O)n (where m may be different from n). This formula holds true for 

monosaccharides. Some exceptions exist; for example, deoxyribose, a sugar component of DNA, 

has the empirical formula C5H10O4. The carbohydrates are technically hydrates of carbon; 

structurally it is more accurate to view them as aldoses and ketoses. 

The term is most common in biochemistry, where it is a synonym of 'saccharide', a group that 

includes sugars, starch, and cellulose. The saccharides are divided into four chemical groups: 
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monosaccharides, disaccharides, oligosaccharides, and polysaccharides. Monosaccharides and 

disaccharides, the smallest (lower molecular weight) carbohydrates, are commonly referred to as 

sugars. Carbohydrates perform numerous roles in living organisms. Polysaccharides serve for the 

storage of energy (e.g. starch and glycogen) and as structural components (e.g. cellulose in plants 

and chitin in arthropods). The 5-carbon monosaccharide ribose is an important component of 

coenzymes (e.g. ATP, FAD and NAD) and the backbone of the genetic molecule known as 

RNA. The related deoxyribose is a component of DNA. Saccharides and their derivatives include 

many other important biomolecules that play key roles in the immune system, fertilization, 

preventing pathogenesis, blood clotting, and development. 

Starch and sugars are the most important carbohydrates in human diet. They are found in a wide 

variety of natural and processed foods. Starch is a polysaccharide. It is abundant in cereals 

(wheat, maize, rice), potatoes, and processed food based on cereal flour, such as bread, pizza or 

pasta. Sugars appear in human diet mainly as table sugar (sucrose, extracted from sugarcane or 

sugar beets), lactose (abundant in milk), glucose and fructose, both of which occur naturally in 

honey, many fruits, and some vegetables. Table sugar, milk, or honey are often added to drinks 

and many prepared foods such as jam, biscuits and cakes. 

Cellulose, a polysaccharide found in the cell walls of all plants, is one of the main components of 

insoluble dietary fiber. Although it is not digestible, insoluble dietary fiber helps to maintain a 

healthy digestive syste by easing defecation. Other polysaccharides contained in dietary fiber 

include resistant starch and inulin, which feed some bacteria in the microbiota of the large 

intestine, and are metabolized by these bacteria to yield short-chain fatty acids. 

Foods that  contain mostly carbohydrates  

Examples of foods which contain mostly carbohydrates include grains, fruits, cereals, pasta, 

bread, and pastries. There are different types of carbohydrates, some are found naturally in food, 

and there are low- and high-quality carbohydrates. 

Low-carb diets have become popular and have given carbs a bit of a bad reputation. However, 

it's important to understand that not all carbs are bad, we simply need to learn how to properly 

integrate them into a healthy diet. 

Types of Carbohydrates 

There are three basic types of carbohydrates found in food, with a fourth category that is helpful 

as well. 

1. Sugars: Also called "simple carbohydrates," these are molecules of simple sugars such as 

glucose, fructose (fruit sugar), and galactose, which are known as monosaccharides. 

When two of these molecules join together, they are called as disaccharides. Examples of 

these include sucrose (table sugar), which is made up of molecules of glucose and 

fructose, and lactose (milk sugar), which is glucose and galactose joined together. 
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2. Starches: Starches (polysaccharides) are "complex carbohydrates." They are composed 

of long chains of glucose. The body breaks down starches—some more rapidly than 

others—into glucose to produce energy. A special starch, called resistant starch, may be 

especially valuable for weight loss and colon health. 

3. Fiber: Fiber is a carbohydrate found in the cellulose of plant-based foods such as grains, 

fruit, vegetables, nuts, and legumes. It cannot be broken down for energy use in the body 

and includes both soluble and insoluble fibers. 

4. Oligosaccharides: This fourth category of carbohydrates falls between sugars and 

starches. Oligosaccharides are a fermentable combination of simple sugars that have 

positive effects in our colons and are considered prebiotics. 
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Blood glucose homeostasis 
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Glucose is the main source of fuel for the cells in our bodies, but it's too big to simply diffuse 

into the cells by itself. Instead, it needs to be transported into the cells. Insulin is a hormone 

produced by the pancreas that facilitates glucose transport into cells. By facilitating glucose 

transport into cells from the bloodstream, insulin lowers blood glucose levels. It also inhibits 

glucose production from amino acids, fatty acids and glycogen which, we may remember, is a 

carbohydrate composed of many glucose subunits. 

In fact, insulin actually stimulates glycogen formation from glucose. All of these functions of 

insulin help to lower glucose levels in the blood. But insulin isn't the only hormone that regulates 

glucose levels in the blood. Glucagon is a hormone produced by the pancreas that raises blood 

glucose levels by stimulating the breakdown of glycogen into glucose, stimulating glucose 

production from amino acids and fatty acids, and stimulating the release of glucose from the 

liver. Glucagon and insulin have antagonistic effects, with glucagon promoting glucose 

production and release into the bloodstream, and insulin promoting the transport of glucose into 

cells from the bloodstream and inhibiting glucose production. 

 

Glucose levels in the blood are usually measured in terms of milligrams per deciliter (mg/dl), 

with a normal range of 70 to 110 mg/dl. Generally speaking, if glucose levels stray out of this 

range, the amounts of insulin and glucagon produced by the pancreas will be adjusted to bring 

glucose levels back into this range. It should be noted here that insulin and glucagon signaling 

are not all-or-nothing responses in normal individuals. When the system is functioning properly, 

there is always some insulin and some glucagon being produced by the pancreas that is trying to 

find a balance between glucose release into the blood, and glucose uptake into cells. 

Carbohydrates are broken down into monosaccharides, like glucose, before they are absorbed 

into the bloodstream by the small intestine. In this graph, the black line is glucose, the blue line 

is insulin, and the red line is glucagon. 

 

Chart showing how glucose and insulin levels spike together after a high carb meal 

Chart showing glucose, insulin, and glucagon concentrations after meal 

Before the meal, glucagon levels represented by the red line are high, because no glucose is 

being absorbed by the small intestine, so it must be released by the liver, and stimulating glucose 

synthesis and release from the liver are glucagon's main functions. However, very soon after a 

high-carbohydrate meal, glucose levels in the blood spike higher, and as we can see in the graph 

here, insulin levels spike higher, too. The insulin spike is in response to the higher glucose levels, 

but it happens so quickly that the two spikes happen almost simultaneously. In fact, we can see 

by this graph that insulin levels rise whenever glucose levels rise and fall whenever glucose 

levels fall. Glucagon is a different story, though. Notice that at the 1.5 hour time point on the 
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graph, when the glucose levels reach the high end of the normal glucose range of 70-110 mg/dl, 

glucagon levels start to fall, and they continue to fall until glucose levels return back to the 

normal range, at which point the glucagon concentration levels off and then slowly begins to rise 

again as glucose levels drift back down to where they were before the meal was consumed. 
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Hyperglycemia 

Hyperglycemia is the technical term for a condition in which an excessive amount of glucose 

circulates in the blood plasma due to relative or absolute lack of insulin or resistance of the body 

to the action of insulin.  This is generally a blood sugar level higher than 11.1 mmol/l (200 

mg/dl), but symptoms may not start to become noticeable until even higher values such as 15–20 

mmol/l (~250–300 mg/dl). 

Hyperglycemia, also known as high blood sugar, is A subject with a consistent range between 

~5.6 and ~7 mmol/l (100–126 mg/dl) (American Diabetes Association guidelines) is considered 

slightly hyperglycemic, while above 7 mmol/l (126 mg/dl) is generally held to have diabetes. For 

diabetics, glucose levels that are considered to be too hyperglycemic can vary from person to 

person, mainly due to the person's renal threshold of glucose and overall glucose tolerance. On 

average however, chronic levels above 10–12 mmol/L (180–216 mg/dl) can produce noticeable 

organ damage over time. 

 

The signs and symptoms include the following: 

 Polyphagia – frequent hunger, especially pronounced hunger 

 Polydipsia – frequent thirst, especially excessive thirst 

 Polyuria – increased volume of urination (not an increased frequency for urination) 

 Blurred vision 

 Fatigue 

 Restlessness 
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 Weight loss 

 Poor wound healing (cuts, scrapes, etc.) 

 Dry mouth 

 Dry or itchy skin 

 Tingling in feet or heels 

 Erectile dysfunction 

 Recurrent infections, external ear infections (swimmer's ear) 

 Cardiac arrhythmia 

 Stupor 

 Coma 

 Seizures 

Signs and symptoms of diabetic ketoacidosis may include: 

 Ketoacidosis 

 Kussmaul hyperventilation (deep, rapid breathing) 

 Confusion or a decreased level of consciousness 

 Dehydration due to glycosuria and osmotic diuresis 

 Increased thirst 

 'Fruity' smelling breath odor 

 Nausea and vomiting 

 Impairment of cognitive function, along with increased sadness and anxiety 

 Weight loss 

Causes 

Diabetes mellitus 

Chronic hyperglycemia that persists even in fasting states is most commonly caused by diabetes 

mellitus. 

Drugs 

Certain medications increase the risk of hyperglycemia, including corticosteroids, octreotide, 

beta blockers, epinephrine, thiazide diuretics, statins, niacin, pentamidine, protease inhibitors, L-

asparaginase, and antipsychotics. 

Critical illness 

A high proportion of patients suffering an acute stress such as stroke or myocardial infarction 

may develop hyperglycemia, even in the absence of a diagnosis of diabetes. (Or perhaps stroke 

or myocardial infarction was caused by hyperglycemia and undiagnosed diabetes.). 
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Stress 

The following conditions can also cause hyperglycemia in the absence of diabetes. 1) 

Dysfunction of the thyroid, adrenal, and pituitary glands 2) Numerous diseases of the pancreas 3) 

Severe increases in blood glucose may be seen in sepsis and certain infections 4) Intracranial 

diseases (frequently overlooked) can also cause hyperglycemia. Encephalitis, brain tumors 

(especially those located near the pituitary gland), brain bleeds, and meningitis are prime 

examples. 5) Mild to high blood sugar levels are often seen in convulsions and terminal stages of 

many diseases. Prolonged, major surgeries can temporarily increase glucose levels.Certain forms 

of severe stress and physical trauma can increase levels for a brief time as well yet rarely exceeds 

6.6 mmol/l (120 mg/dl). 

Mechanism 

Hormones such as the growth hormone, glucagon, cortisol and catecholamines, can cause 

hyperglycemia when they are present in the body in excess amounts.Also, increased 

proinflammatory cytokines that interrupt carbohydrate metabolism, leading to excessive glucose 

production and reduced uptake in tissues, can cause hyperglycemia 

Hypoglycemia 

Hypoglycemia refers to an abnormally low level of sugar, or glucose( below 4.0 mmol/L (72 

mg/dL)) in the blood.  Hypoglycemia is not a disease in itself; it is a sign of a health problem.  

This condition typically arises from abnormalities in the mechanisms involved in glucose 

homeostasis. Hypoglycemia is a condition caused by a very low level of blood sugar (glucose), 

the  body's main energy source. Hypoglycemia is often related to the treatment of diabetes. 

However, a variety of conditions — many rare — can cause low blood sugar in people without 

diabetes. Like fever, hypoglycemia isn't a disease itself — it's an indicator of a health problem. 

Immediate treatment of hypoglycemia is necessary when blood sugar levels are at 70 milligrams 

per deciliter (mg/dL) or 3.9 millimoles per liter (mmol/L) or below. Treatment involves quick 

steps to get the blood sugar level back into a normal range either with high-sugar foods or drinks 

or with medications. Long-term treatment requires identifying and treating the underlying cause 

of hypoglycemia. 

Types of hypoglycaemia 

 Medication Induced Hypoglycemia : Drug-induced low blood sugar is low blood glucose 

that results from taking medicine: Low blood sugar (hypoglycemia) is common in people 

with diabetes who are taking insulin or other medicines to control their diabetes. Drinking 

alcoholand Intentionally or unintentionally overdosing on the medicines used to treat 

diabetes. 
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 Reactive Hypoglycemia: Reactive hypoglycemia (postprandial hypoglycemia) refers to 

low blood sugar that occurs after a meal — usually within four hours after eating. This is 

different from low blood sugar (hypoglycemia) that occurs while fasting. 

Pathophysiology 

Hypoglycemic symptoms are related to sympathetic activation and brain dysfunction 

secondary to decreased levels of glucose. 

Stimulation of the sympathoadrenal nervous system leads to sweating, palpitations, 

tremulousness, anxiety, and hunger. Reduction in cerebral glucose availability (ie, 

neuroglycopenia) can manifest as confusion, difficulty with concentration, irritability, 

hallucinations, focal impairments (eg, hemiplegia), and, eventually, coma and death. 

The adrenergic symptoms often precede the neuroglycopenic symptoms and, thus, provide an 

early warning system for the patient.  

Studies have shown that the primary stimulus for the release of catecholamines is the 

absolute level of plasma glucose; the rate of decrease of glucose is less important.  

Previous blood sugar levels can influence an individual's response to a particular level of 

blood sugar.  

However, it is important to note that a patient with repeated hypoglycemia can have almost 

no symptoms (hypoglycemic unawareness). 

 The threshold at which a patient feels the hypoglycemic symptoms decreases with repeated 

episodes of hypoglycemia. 

Causes 

 The most common cause of hypoglycemia is mis-administration medications used to 

treat Diabetes mellitus such as insulin, sulfonylureas, and biguanides. 

 Diabetes patients  who have eaten less than usual, exercised more than usual, or  

drunk alcohol are more at risk when treated with insulin 

 Kidney failure, - affecting reabsorption of glucose in the proximal convoluted tubule 

 Certain tumors, such as  insulinoma due to malignancy of beta cell of islet of 

Langerhans  of the pancreas causing excessive secretion of insulin 

 Liver disease – affecting storage and breakdown of glycogen to maintain balance 

 Hypothyroidism – leading to low thyroid hormone which may  decrease 

gluconeogenesis  

 Starvation, and prolonged fasting 

 Destruction of adrenal gland – leading to low cortisol production which may also 

decrease gluconeogenesis 
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Laboratory procedure 

Selective percutaneous transhepatic venous sampling may be performed to  determine 

insulinomas 

Chest x-ray, blood culture, full blood count and urinalysis to determine infection as a cause 

Liver function test to determine liver disease as a cause because liver stores glucose as glycogen, 

performs key role in glycogenolysis, glycolysis and gluconeogenesis 

Plasma thyroxin and cortisol- if low  will reduce gluconeogenesis and may cause hypoglycaemia 

Plasma pro-insulin – increased plasma level may be as a result of islet-cell tumors 

Provocative tests involving the administration of glucagon  

Plasma Glucose and Insulin Levels – increased plasma insulin level will decrease blood glucose 

(hypoglycaemia) 

Unequal distribution of gluce ion erythrocytes as seen in polycytaemia may cause 

hypoglycaemia 

Excessive utilization/glycolysis of glucose in leukemia and haemolytic crisis  may cause 

hypoglycaemia 

C-Peptide Levels – elevated C-Peptide Levels may indicate insulinomas,  

Computed tomography (CT) scanning and ultrasonography , Magnetic resonance imaging (MRI)  

- to detect insulinomas, 

BODY’S RESPONSE TO HYPOGLYCAEMIA 

Response of the body to low blood glucose level to maintain the normal blood concentration 

occurs via glycogenolysis and gluconeogenesis. 

 If the blood sugar level falls too low, the liver converts a storage of glycogen into glucose and 

releases it into the bloodstream or utilize other food substances like fats to produce glucose for 

generation of energy inform of Adenosine Triphosphate (ATP), to prevent the person going into 

hypoglycaemia/hypoglycemic coma. 

 

 

Glycogenolysis  
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This is the breakdown of glycogen stored in the liver to glucose when blood glucose level is low 

to maintain the expected concentration of glucose in the body for energy production.  

This process is  under the influence of enzyme glycogen phosphorylase. 

Gluconeogenesis (GNG)  

This involves the generation of glucose from certain non-carbohydrate carbon food substances  

such as fat and protein 

Gluconeogenesis is one of several main mechanisms used by humans and many other animals to 

maintain blood glucose levels, avoiding low levels (hypoglycemia). 

Diabetes mellitus 

Diabetes mellitus refers to a group of diseases that affect how the body uses blood sugar 

(glucose). Glucose is vital to the health because it's an important source of energy for the cells 

that make up the muscles and tissues. It's also the brain's main source of fuel. The underlying 

cause of diabetes varies by type. But, no matter what type of diabetes, it can lead to excess sugar 

in the blood. Too much sugar in the blood can lead to serious health problems. Chronic diabetes 

conditions include type 1 diabetes and type 2 diabetes. Potentially reversible diabetes conditions 

include prediabetes — when the blood sugar levels are higher than normal, but not high enough 

to be classified as diabetes — and gestational diabetes, which occurs during pregnancy but may 

resolve after the baby is delivered. Diabetes is a disease where people have trouble regulating 

their blood glucose. Actually, there are two main forms of diabetes: type I diabetes, and type II 

diabetes. Type I diabetes is also known as juvenile-onset or insulin-dependent diabetes, and is 

actually a disease where the immune system suddenly attacks and irreversibly destroys the 

insulin-producing cells of the pancreas. This chart shows what glucose and glucagon levels 

might look like in a person who has no insulin. Notice that when glucose levels rise, there is no 

insulin response, and glucose levels remain dangerously high for a long period of time.  

Diabetes mellitus (DM), commonly referred to as diabetes, is a group of metabolic disorders in 

which there are high blood sugar levels over a prolonged period.  If left not treated, it can 

cause many complications   such as diabetic ketoacidosis, hyperosmolar hyperglycemic state, or 

death,  cardiovascular disease, stroke, chronic kidney disease, foot ulcers, and damage to the 

eyes.  

Diabetes is due to either the pancreas not producing enough insulin, or the cells of the body not 

responding properly to the insulin produced. There are three main types of diabetes mellitus:  

 Type 1 DM results from the pancreas' failure to produce enough insulin due to loss of beta 

cells or absolute lack of insulin production.  This  is also known as "insulin-dependent 

diabetes mellitus" (IDDM) or "juvenile diabetes".The cause is unknown(idiopathic) .  

 Type 2 DM begins with insulin resistance, a condition in which cells fail to respond to 

insulin properly.  As the disease progresses, a lack of insulin may also develop. This form 

https://en.wikipedia.org/wiki/Metabolic_disorder
https://en.wikipedia.org/wiki/Hyperglycemia
https://en.wikipedia.org/wiki/Complications_of_diabetes_mellitus
https://en.wikipedia.org/wiki/Diabetic_ketoacidosis
https://en.wikipedia.org/wiki/Hyperosmolar_hyperglycemic_state
https://en.wikipedia.org/wiki/Cardiovascular_disease
https://en.wikipedia.org/wiki/Stroke
https://en.wikipedia.org/wiki/Chronic_kidney_disease
https://en.wikipedia.org/wiki/Diabetic_foot_ulcer
https://en.wikipedia.org/wiki/Diabetic_retinopathy
https://en.wikipedia.org/wiki/Diabetic_retinopathy
https://en.wikipedia.org/wiki/Pancreas
https://en.wikipedia.org/wiki/Insulin
https://en.wikipedia.org/wiki/Diabetes_mellitus_type_1
https://en.wikipedia.org/wiki/Beta_cell
https://en.wikipedia.org/wiki/Beta_cell
https://en.wikipedia.org/wiki/Diabetes_mellitus_type_2
https://en.wikipedia.org/wiki/Insulin_resistance
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was previously referred to as "non insulin-dependent diabetes mellitus" (NIDDM) or "adult-

onset diabetes". The most common cause is a combination of excessive body 

weight and insufficient exercise.  

 Gestational diabetes is the third main form, and occurs when pregnant women without a 

previous history of diabetes develop high blood sugar levels.  

 

Symptoms 

Diabetes symptoms vary depending on how much the blood sugar is elevated. Some people, 

especially those with prediabetes or type 2 diabetes, may not experience symptoms initially. In 

type 1 diabetes, symptoms tend to come on quickly and be more severe. 

Some of the signs and symptoms of type 1 and type 2 diabetes are: 

 Increased thirst 

 Frequent urination 

 Extreme hunger 

 Unexplained weight loss 

 Presence of ketones in the urine (ketones are a byproduct of the breakdown of muscle and 

fat that happens when there's not enough available insulin) 

 Fatigue 

 Irritability 

 Blurred vision 

 Slow-healing sores 

 Frequent infections, such as gums or skin infections and vaginal infections 

The classic symptoms of untreated diabetes are unintended weight loss, polyuria (increased 

urination), polydipsia (increased thirst), and polyphagia (increased hunger). Symptoms may 

develop rapidly (weeks or months) in type 1 DM, while they usually develop much more slowly 

and may be subtle or absent in type 2 DM. Several other signs and symptoms can mark the onset 

of diabetes although they are not specific to the disease. In addition to the known ones above, 

they include blurred vision, headache, fatigue, slow healing of cuts, and itchy skin. Prolonged 

high blood glucose can cause glucose absorption in the lens of the eye, which leads to changes in 

its shape, resulting in vision changes. Long-term vision loss can also be caused by diabetic 

retinopathy. A number of skin rashes that can occur in diabetes are collectively known as 

diabetic dermadromes. 

Type 1 diabetes can develop at any age, though it often appears during childhood or adolescence. 

Type 2 diabetes, the more common type, can develop at any age, though it's more common in 

people older than 40. 

Pathophysiology of Diabetes mellitus 

https://en.wikipedia.org/wiki/Obesity
https://en.wikipedia.org/wiki/Obesity
https://en.wikipedia.org/wiki/Sedentary_lifestyle
https://en.wikipedia.org/wiki/Gestational_diabetes
https://en.wikipedia.org/wiki/Pregnancy
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Insulin is the principal hormone that regulates the uptake of glucose from the blood into most 

cells of the body, especially liver, adipose tissue and muscle, except smooth muscle, in which 

insulin acts via the IGF-1. Therefore, deficiency of insulin or the insensitivity of its receptors 

play a central role in all forms of diabetes mellitus. 

The body obtains glucose from three main sources: the intestinal absorption of food; the 

breakdown of glycogen (glycogenolysis), the storage form of glucose found in the liver; and 

gluconeogenesis, the generation of glucose from non-carbohydrate substrates in the body.[60] 

Insulin plays a critical role in balancing glucose levels in the body. Insulin can inhibit the 

breakdown of glycogen or the process of gluconeogenesis, it can stimulate the transport of 

glucose into fat and muscle cells, and it can stimulate the storage of glucose in the form of 

glycogen. 

Insulin is released into the blood by beta cells (β-cells), found in the islets of Langerhans in the 

pancreas, in response to rising levels of blood glucose, typically after eating. Insulin is used by 

about two-thirds of the body's cells to absorb glucose from the blood for use as fuel, for 

conversion to other needed molecules, or for storage. Lower glucose levels result in decreased 

insulin release from the beta cells and in the breakdown of glycogen to glucose. This process is 

mainly controlled by the hormone glucagon, which acts in the opposite manner to insulin 

If the amount of insulin available is insufficient, or if cells respond poorly to the effects of 

insulin (insulin insensitivity or insulin resistance), or if the insulin itself is defective, then glucose 

will not be absorbed properly by the body cells that require it, and it will not be stored 

appropriately in the liver and muscles. The net effect is persistently high levels of blood glucose, 

poor protein synthesis, and other metabolic derangements, such as acidosis. 

When the glucose concentration in the blood remains high over time, the kidneys will reach a 

threshold of reabsorption, and glucose will be excreted in the urine (glycosuria). This increases 

the osmotic pressure of the urine and inhibits reabsorption of water by the kidney, resulting in 

increased urine production (polyuria) and increased fluid loss. Lost blood volume will be 

replaced osmotically from water held in body cells and other body compartments, causing 

dehydration and increased thirst (polydipsia). 
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Diagnosis 

WHO diabetes diagnostic criteria  

Condition 
2-hour 

glucose 
Fasting glucose HbA1c 

Unit mmol/l(mg/dl) mmol/l(mg/dl) mmol/mol DCCT % 

Normal <7.8 (<140) <6.1 (<110) <42 <6.0 

Impaired fasting glycaemia  <7.8 (<140) 
≥6.1(≥110) & 

<7.0(<126) 
42-46 6.0–6.4 

Impaired glucose tolerance  ≥7.8 (≥140) <7.0 (<126) 42-46 6.0–6.4 

Diabetes mellitus ≥11.1 (≥200) ≥7.0 (≥126) ≥48 ≥6.5 

Diabetes mellitus is characterized by recurrent or persistent high blood sugar, and is diagnosed 

by demonstrating any one of the following. 

 Fasting plasma glucose level ≥ 7.0 mmol/l (126 mg/dl) 

 Plasma glucose ≥ 11.1 mmol/l (200 mg/dl) two hours after a 75 gram oral glucose load as in 

a glucose tolerance test (OGTT) 

 Symptoms of high blood sugar and casual plasma glucose ≥ 11.1 mmol/l (200 mg/dl) 

 Glycated hemoglobin (HbA1C) ≥ 48 mmol/mol (≥ 6.5 DCCT %).[65] 

A positive result, in the absence of unequivocal high blood sugar, should be confirmed by a 

repeat of any of the above methods on a different day. It is preferable to measure a fasting 

glucose level because of the ease of measurement and the considerable time commitment of 

formal glucose tolerance testing, which takes two hours to complete and offers no prognostic 

advantage over the fasting test.  According to the current definition, two fasting glucose 

measurements above 7.0 mmol/l (126 mg/dl) is considered diagnostic for diabetes mellitus. 

https://en.wikipedia.org/wiki/Impaired_fasting_glycaemia
https://en.wikipedia.org/wiki/Impaired_glucose_tolerance
https://en.wikipedia.org/wiki/Fasting_glucose
https://en.wikipedia.org/wiki/Plasma_glucose
https://en.wikipedia.org/wiki/Glucose_tolerance_test
https://en.wikipedia.org/wiki/Glycated_hemoglobin
https://en.wikipedia.org/wiki/Diabetes_control_and_complications_trial
https://en.wikipedia.org/wiki/Diabetes_mellitus#cite_note-65
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Per the WHO, people with fasting glucose levels from 6.1 to 6.9 mmol/l (110 to 125 mg/dl) are 

considered to have impaired fasting glucose.[67] people with plasma glucose at or above 

7.8 mmol/l (140 mg/dl), but not over 11.1 mmol/l (200 mg/dl), two hours after a 75 gram oral 

glucose load are considered to have impaired glucose tolerance. Of these two prediabetic states, 

the latter in particular is a major risk factor for progression to full-blown diabetes mellitus, as 

well as cardiovascular disease.[68] The American Diabetes Association (ADA) since 2003 uses a 

slightly different range for impaired fasting glucose of 5.6 to 6.9 mmol/l (100 to 125 mg/dl).  

Glycated hemoglobin is better than fasting glucose for determining risks of cardiovascular 

disease and death from any cause.  

Ketone bodies 

Ketone bodies are substances that the body makes when there is not enough insulin in the blood 

and it must break down fat instead of the sugar glucose for energy. The ketone bodies -- acetone, 

acetoacetate, and beta-hydroxybutyrate -- are toxic acidic chemicals. They build up in the blood 

and then spill over into the urine. The body can also rid itself of acetone through the lungs. This 

gives the breath a fruity odor. The presence of ketone bodies in the blood is termed ketosis and 

the presence of ketone bodies in the urine is called ketonuria. 

 

https://en.wikipedia.org/wiki/Impaired_fasting_glycemia
https://en.wikipedia.org/wiki/Diabetes_mellitus#cite_note-67
https://en.wikipedia.org/wiki/Impaired_glucose_tolerance
https://en.wikipedia.org/wiki/Diabetes_mellitus#cite_note-68
https://en.wikipedia.org/wiki/American_Diabetes_Association
https://en.wikipedia.org/wiki/Glycated_hemoglobin
https://en.wikipedia.org/wiki/Fasting_glucose
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Ketoacidosis 

Ketoacidosis is a metabolic state associated with high concentrations of ketone bodies, formed 

by the breakdown of fatty acids and the deamination of amino acids. The two common ketones 

produced in humans are acetoacetic acid and β-hydroxybutyrate. Ketoacidosis is a pathological 

metabolic state marked by extreme and uncontrolled ketosis. In ketoacidosis, the body fails to 

adequately regulate ketone production causing such a severe accumulation of keto acids that the 

pH of the blood is substantially decreased. In extreme cases ketoacidosis can be fatal. 

Ketoacidosis is most common in untreated type 1 diabetes mellitus, when the liver breaks down 

fat and proteins in response to a perceived need for respiratory substrate. Prolonged alcoholism 

may lead to alcoholic ketoacidosis. Ketoacidosis can be smelled on a person's breath. This is due 

to acetone, a direct by-product of the spontaneous decomposition of acetoacetic acid. It is often 

described as smelling like fruit or nail polish remover. Ketosis may also give off an odor, but the 

odor is usually more subtle due to lower concentrations of acetone. 

Causes 

Three common causes of ketoacidosis are alcohol, starvation, and diabetes, resulting in alcoholic 

ketoacidosis, starvation ketoacidosis, and diabetic ketoacidosis respectively. 

In diabetic ketoacidosis, a high concentration of ketone bodies is usually accompanied by insulin 

deficiency, hyperglycemia, and dehydration. Particularly in type 1 diabetics, the lack of insulin 

in the bloodstream prevents glucose absorption, thereby inhibiting the production of oxaloacetate 

through reduced levels of pyruvate, and can cause unchecked ketone body production (through 

fatty acid metabolism) potentially leading to dangerous glucose and ketone levels in the blood. 

Hyperglycemia results in glucose overloading the kidneys and spilling into the urine (transport 

maximum for glucose is exceeded). Dehydration results following the osmotic movement of 

water into urine (Osmotic diuresis), exacerbating the acidosis. 

In alcoholic ketoacidosis, alcohol causes dehydration and blocks the first step of gluconeogenesis 

by depleting oxaloacetate. The body is unable to synthesize enough glucose to meet its needs, 

thus creating an energy crisis resulting in fatty acid metabolism, and ketone body formation. 

  

METABOLIC DISORDERS 

Metabolism is the process the body uses to get or make energy from the food  eat. Food is made 

up of proteins, carbohydrates, and fats. Chemicals in the digestive system  help to break the food 

parts down into absorbable form for energy.. It can store the energy in the body tissues, such as 

the liver, muscles, and body fat. 
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A metabolic disorder occurs when abnormal chemical reactions in the body disrupt this process. 

When this happens,  might have too much of some substances or too little of other ones that  

need to stay healthy. There are different groups of disorders. Some affect the breakdown of 

amino acids, carbohydrates, or lipids. Another group, mitochondrial diseases, affects the parts of 

the cells that produce the energy. 

 

Metabolism is the process the body uses to make energy from the food  eat. Food is made up of 

proteins, carbohydrates, and fats. Chemicals in the digestive system (enzymes) break the food 

parts down into sugars and acids, the body's fuel. The body can use this fuel right away, or it can 

store the energy in the body tissues. If  have a metabolic disorder, something goes wrong with 

this process. 

Carbohydrate metabolism disorders 

Carbohydrate metabolism disorders are a group of metabolic disorders. Normally the enzymes 

break carbohydrates down into glucose (a type of sugar). If  have one of these disorders,  may 

not have enough enzymes to break down the carbohydrates. Or the enzymes may not work 

properly. This causes a harmful amount of sugar to build up in the body. That can lead to health 

problems, some of which can be serious. Some of the disorders are fatal. 

 

These disorders are inherited. Newborn babies get screened for many of them, using blood tests. 

If there is a family history of one of these disorders, parents can get genetic testing to see 

whether they carry the gene. Other genetic tests can tell whether the fetus has the disorder or 

carries the gene for the disorder. 

Galactosemia 

Galactosemia is an inherited disorder that prevents a person from processing the sugar galactose, 

which is found in many foods. Galactose also exists as part of another sugar, lactose, found in all 

dairy products. Normally when a person consumes a product that contains lactose, the body 

breaks the lactose down into galactose and glucose. Galactosemia means too much galactose 

builds up in the blood. This accumulation of galactose can cause serious complications such as 

an enlarged liver, kidney failure, cataracts in the eyes or brain damage. If untreated, as many as 

75% of infants with galactosemia will die. Duarte galactosemia is a variant of classic 

galactosemia. Fortunately, the complications associated with classic galactosemia have not been 

associated with Duarte galactosemia. 

 

Hunter syndrome 
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Hunter syndrome is a very rare, inherited genetic disorder caused by a missing or malfunctioning 

enzyme. Because the body doesn't have enough of the enzyme to break down certain complex 

molecules, the molecules build up in harmful amounts. In Hunter syndrome, the buildup of 

massive amounts of these harmful substances eventually causes permanent, progressive damage 

affecting appearance, mental development, organ function and physical abilities. Hunter 

syndrome appears in children as young as 18 months. It mainly occurs in boys, although very 

rarely it has been observed in girls. Hunter syndrome develops when a defective chromosome is 

inherited from the child's mother. Because of that defective chromosome, an enzyme that's 

needed to break down complex sugar molecules is missing or malfunctioning. Without this 

enzyme, massive amounts of these complex sugar molecules collect in the cells, blood and 

connective tissues, causing permanent and progressive damage. 

 

Mucopolysaccharidoses (MPS) and mucolipidosis (ML) 

Mucopolysaccharidoses (MPS) and mucolipidosis (ML) are genetic lysosomal storage 

diseases (LSD) caused by the body’s inability to produce specific enzymes. The missing or 

insufficient enzyme prevents cells from recycling waste, resulting in the storage of materials in 

cells throughout the body. As the disease progresses, there is widespread damage throughout the 

body, including the heart, bones, joints, respiratory system and central nervous system, leading to 

a shortened lifespan. 

Pompe disease 

Pompe disease is a rare (estimated at 1 in every 40,000 births), inherited and often fatal disorder 

that disables the heart and skeletal muscles.  It is caused by mutations in a gene that makes an 

enzyme called acid alpha-glucosidase (GAA).  Normally, the body uses GAA to break down 

glycogen, a stored form of sugar used for energy.  The enzyme performs its function in 

intracellular compartments called lysosomes.  Lysosomes are known to function as cellular 

clearinghouses; they ingest multiple substances including glycogen, which is converted by the 

GAA into glucose, a sugar that fuels muscles. In Pompe disease, mutations in the GAA gene 

reduce or completely eliminate this essential enzyme.  Excessive amounts of lysosomal glycogen 

accumulate everywhere in the body, but the cells of the heart and skeletal muscles are the most 

seriously affected.  Researchers have identified up to 300 different mutations in the GAA gene 

that cause the symptoms of Pompe disease, which can vary widely in terms of age of onset and 

severity.  The severity of the disease and the age of onset are related to the degree of enzyme 

deficiency.  

Glycogen Storage Disease Type 1 (von Gierke) 

Type I glycogen storage disease (GSD I), also known as von Gierke’s disease, is the most 

common form of glycogen storage disease, accounting for 25% of all cases. It is an inherited 
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disorder that affects the metabolism – the way the body breaks food down into energy. After we 

eat, excess glucose is stored in the liver as glycogen to maintain normal glucose levels in our 

body. In GSD I, the enzyme needed to release glucose from glycogen is missing. When this 

occurs, a person cannot maintain his or her blood glucose levels and will develop hypoglycemia 

(low blood sugar) within a few hours after eating. The low levels of glucose in the blood of these 

individuals often result in chronic hunger, fatigue, and irritability. These symptoms are 

especially noticeable in infants.Since people with GSD I are able to store glucose as glycogen 

but unable to release it normally, stores of glycogen build up in the liver over time and cause it to 

swell. The liver is able to perform many of its other functions normally, and there is no evidence 

of liver failure. The kidneys also become enlarged because of increased glycogen storage. 

 

Hyperlipidemia 

Hyperlipidemia means  elevated concentrations of any or all of the lipids in the plasma, including 

hypertriglyceridemia, hypercholesterolemia, etc. Hyperlipidemia is abnormally elevated levels of 

any or all lipids or lipoproteins in the blood. It is the most common form of dyslipidemia (which 

includes any abnormal lipid levels). Lipids (water-insoluble molecules) are transported in a 

protein capsule. The size of that capsule, or lipoprotein, determines its density. The lipoprotein 

density and type of apolipoproteins it contains determines the fate of the particle and its 

influence on metabolism. Hyperlipidemias are divided into primary and secondary subtypes. 

Primary hyperlipidemia is usually due to genetic causes (such as a mutation in a receptor 

protein), while secondary hyperlipidemia arises due to other underlying causes such as diabetes. 

Lipid and lipoprotein abnormalities are common in the general population and are regarded as 

modifiable risk factors for cardiovascular disease due to their influence on atherosclerosis. In 

addition, some forms may predispose to acute pancreatitis. 

Combined hyperlipidemia  a generic designation for a hyperlipidemia in which several classes 

of lipids are elevated;usually used to denote the phenotype of a type II-b hyperlipoproteinemia. 

familial combined hyperlipidemia  an inherited disorder of lipoprotein metabolism manifested 

in adulthood ashypercholesterolemia, hypertriglyceridemia, or a combination, with elevated plas

ma apolipoprotein B and prematurecoronary atherosclerosis. 

Mixed hyperlipidemia    

Remnant hyperlipidemia  a form in which the accumulated lipoproteins are normally transient i

ntermediates, chylomicronremnants, and intermediate-

density lipoproteins; a generic descriptor for the type III hyperlipoproteinemia phenotype. 

 

Hypercholesterolemia,  

Hypercholesterolemia( high cholesterol), is the presence of high levels of cholesterol in the 

blood. It is a form of hyperlipidemia, high blood lipids, and hyperlipoproteinemia (elevated 

levels of lipoproteins in the blood).  

https://en.wikipedia.org/wiki/Cholesterol
https://en.wikipedia.org/wiki/Hyperlipidemia
https://en.wikipedia.org/wiki/Lipoprotein
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Elevated levels of non-HDL cholesterol and LDL in the blood may be a consequence 

of diet, obesity, inherited (genetic) diseases (such as LDL receptor mutations in familial 

hypercholesterolemia), or the presence of other diseases such as type 2 diabetes and an 

underactive thyroid.  

Cholesterol is one of three major classes of lipids which all animal cells use to construct their 

membranes and is thus manufactured by all animal cells. Plant cells do not manufacture 

cholesterol. It is also the precursor of the steroid hormones and bile acids. Since cholesterol is 

insoluble in water, it is transported in the blood plasma within protein particles (lipoproteins). 

Lipoproteins are classified by their density: very low density lipoprotein (VLDL), intermediate 

density lipoprotein (IDL), low density lipoprotein (LDL) and high density lipoprotein (HDL).  

All the lipoproteins carry cholesterol, but elevated levels of the lipoproteins other than HDL 

(termed non-HDL cholesterol), particularly LDL-cholesterol, are associated with an increased 

risk of atherosclerosis and coronary heart disease. In contrast, higher levels of HDL cholesterol 

are protective.  

Avoiding trans fats and replacing saturated fats in adult diets with polyunsaturated fats are 

recommended dietary measures to reduce total blood cholesterol and LDL in adults.  In people 

with very high cholesterol (e.g., familial hypercholesterolemia), diet is often not sufficient to 

achieve the desired lowering of LDL, and lipid-lowering medications are usually required. If 

necessary, other treatments such as LDL apheresis or even surgery (for particularly severe 

subtypes of familial hypercholesterolemia) are performed.  About 34 million adults in the United 

States have high blood cholesterol. 

 

Causes 

Hypercholesterolemia is typically due to a combination of environmental and genetic factors. 

Environmental factors include weight, diet, and stress. A number of other conditions can also 

increase cholesterol levels including diabetes mellitus type 2, obesity, alcohol use, monoclonal 

gammopathy, dialysis, nephrotic syndrome, hypothyroidism, Cushing’s syndrome, anorexia 

nervosa, medications (e.g., thiazide diuretics, ciclosporin, glucocorticoids, beta blockers, retinoic 

acid, antipsychotics).  

Genetic contributions are usually due to the additive effects of multiple genes, though 

occasionally may be due to a single gene defect such as in the case of familial 

hypercholesterolaemia. 

Diet has an effect on blood cholesterol, but the size of this effect varies between individuals. 

Moreover, when dietary cholesterol intake goes down, production (principally by the liver) 

typically increases, so that blood cholesterol changes can be modest or even elevated 

Stress and hormones : Glucocorticoids increase cholesterol LDL production by increasing 

production and activity of HMG-CoA reductase. These include the physiologic stress hormone 

cortisol  and commonly used medicines for asthma, rheumatoid arthritis, or connective tissue 

disorders. 
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Medications : Hypercholesterolemia may be a side effect of a number of medications, including 

blood pressure medication, antipsychotics, anticonvulsants, immunosuppressives, human 

immunodeficiency virus therapy, and interferons 

Hypertriglyceridemia  

Hypertriglyceridemia implies high blood triglycerides, the most abundant fatty molecule in most 

organisms. Elevated levels of triglycerides are associated with atherosclerosis, even in the 

absence of hypercholesterolemia (high cholesterol levels), and predispose to cardiovascular 

disease. Very high triglyceride levels also increase the risk of acute pancreatitis. 

Hypertriglyceridemia itself is usually symptomless, although high levels may be associated with 

skin lesions known as xanthomas.  

The diagnosis is made on blood tests, often performed as part of screening. The normal 

triglyceride level is less than 150 mg/dL (1.7 mmol/L). Once diagnosed, other blood tests are 

usually required to determine whether the raised triglyceride level is caused by other underlying 

disorders ("secondary hypertriglyceridemia") or whether no such underlying cause exists 

("primary hypertriglyceridaemia"). There is a hereditary predisposition to both primary and 

secondary hypertriglyceridemia. 

Weight loss and dietary modification may improve hypertriglyceridemia. The decision to treat 

hypertriglyceridemia with medication depends on the levels and on the presence of other risk 

factors for cardiovascular disease. Very high levels that would increase the risk of pancreatitis is 

treated with a drug from the fibrate class. Niacin and omega-3 fatty acids as well as drugs from 

the statin class may be used in conjunction, with statins being the main drug treatment for 

moderate hypertriglyceridemia where reduction of cardiovascular risk is required. 

 

Causes of Hypertriglyceridemia 

1. High carbohydrate diet 

2. High fat diet 

3. Unknown (constitutional) 

4. Obesity 

5. Diabetes mellitus and insulin resistance - it is one of the defined components of metabolic 

syndrome (along with central obesity, hypertension, and hyperglycemia) 

6. Excess alcohol consumption 

7. Kidney failure, nephrotic syndrome 

8. Genetic predisposition; some forms of familial hyperlipidemia such as familial combined 

hyperlipidemia i.e. Type II hyperlipidemia 

9. Lipoprotein lipase deficiency - Deficiency of this water-soluble enzyme, that hydrolyzes 

triglycerides in lipoproteins, leads to elevated levels of triglycerides in the blood. 

10. Lysosomal acid lipase deficiency or Cholesteryl ester storage disease 

11. Certain medications e.g. isotretinoin, hydrochlorothiazide diuretics, beta blockers, 

protease inhibitors 

12. Hypothyroidism (underactive thyroid) 
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13. Systemic Lupus Erythematosus and associated autoimmune responses  

14. Glycogen storage disease type 1. 

15. Propofol 

16. HIV medications 

Hypolipidemia 

Hypolipidemia is a decrease in plasma lipoprotein caused by primary (genetic) or secondary 

(acquired) factors. It is usually asymptomatic and diagnosed incidentally on routine lipid 

screening. Hypolipidemia is defined as a total cholesterol (TC) < 120 mg/dL (< 3.1 mmol/L) or 

low-density lipoprotein (LDL) cholesterol < 50 mg/dL (< 1.3 mmol/L). 

 

Causes may be primary (genetic) or secondary. Secondary causes are far more common than 

primary causes and include all of the following: 

 Hyperthyroidism 

 Chronic infections (including hepatitis C infection) and other inflammatory states 

 Hematologic and other cancers 

 Undernutrition (including that accompanying chronic alcohol use) 

 Malabsorption : The unexpected finding of low cholesterol or low LDL cholesterol in a 

patient not taking a lipid-lowering drug should prompt a diagnostic evaluation, including 

measurements of AST, ALT, and thyroid-stimulating hormone; a negative evaluation 

suggests a possible primary cause. There are 3 primary disorders in which single or 

multiple genetic mutations result in underproduction or increased clearance of LDL. 

 Abetalipoproteinemia 

 Hypobetalipoproteinemia 

 Chylomicron retention disease 

 Loss of function mutations of PCSK9 are another cause of low LDL levels. There are no 

adverse consequences and no treatment, 

Abetalipoproteinemia (Bassen-Kornzweig syndrome) 

This autosomal recessive condition is caused by mutations in the gene for microsomal 

triglyceride (TG) transfer protein, a protein critical to chylomicron and very-low-density 

lipoprotein (VLDL) formation. Dietary fat cannot be absorbed, and lipoproteins in both 

metabolic pathways are virtually absent from serum; total cholesterol is typically < 45 mg/dL (< 

1.16 mmol/L), TGs are < 20 mg/dL (< 0.23 mmol/L), and LDL is undetectable. The condition is 

often first noticed in infants with fat malabsorption, steatorrhea, and failure to thrive. Intellectual 

disability may result. Because vitamin E is distributed to peripheral tissues via VLDL and LDL, 

most affected people eventually develop severe vitamin E deficiency. Symptoms and signs 

include visual changes due to slow retinal degeneration, sensory neuropathy, posterior column 
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signs of ataxia and paresthesias, and cerebellar signs of dysmetria, ataxia, and spasticity, which 

can eventually lead to death. 

 

Diagnosis is made by the absence of apoprotein B (apo B) in plasma; intestinal biopsies show 

lack of microsomal transfer protein. RBC acanthocytosis is a distinguishing feature on blood 

smear. Genetic testing can confirm the diagnosis. 

Hypobetalipoproteinemia 

Hypobetalipoproteinemia is an autosomal dominant or codominant condition caused by 

mutations in the gene coding for apo B. Heterozygous patients have truncated apo B, leading to 

rapid LDL clearance. Heterozygous patients manifest no symptoms or signs except for TC < 120 

mg/dL (< 3.1 mmol/L) and LDL cholesterol < 80 mg/dL (< 2.1 mmol/L). Triglycerides are 

normal. Some patients may have hepatic steatosis. Homozygous patients have either shorter 

truncations, leading to lower lipid levels (TC < 80 mg/dL [< 2.1 mmol/L], LDL cholesterol < 20 

mg/dL [< 0.52 mmol/L]), or absent apo B synthesis, leading to symptoms and signs of 

abetalipoproteinemia. Diagnosis is by finding low levels of LDL cholesterol and apo B on a 

serum lipid profile. Hypobetalipoproteinemia and abetalipoproteinemia are distinguished from 

one another by family history. People who are heterozygous and people who are homozygous 

with low but detectable LDL cholesterol require no treatment. Treatment of people who are 

homozygous with no LDL is the same as for abetalipoproteinemia and includes vitamin E and 

supplementation of dietary fat and other fat-soluble vitamins. Prognosis is variable, but early 

diagnosis and strict adherence to treatment may delay disease progression. 

Chylomicron retention disease (Anderson disease) 

Chylomicron retention disease is a very rare autosomal recessive condition caused by deficient 

apo B secretion from enterocytes. Mutations in a gene encoding a protein important in transport 

of chylomicrons through enterocytes have been linked to this disorder. Affected infants have fat 

malabsorption, steatorrhea, and failure to thrive and may develop neurologic disorders similar to 

those in abetalipoproteinemia. Diagnosis is by intestinal biopsy of patients with low cholesterol 

levels and absence of postprandial chylomicrons. 

 

 

Hypoproteinemia 

Hypoproteinemia is a condition where there is an abnormally low level of protein in the blood. 

There are several causes that all result in oedema once serum protein levels fall below a certain 

threshold. Decreased serum protein reduces the osmotic pressure of the blood, leading to loss of 
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fluid from the intravascular compartment, or the blood vessels, to the interstitial tissues, resulting 

in edema. This is termed as hypoproteinemia. 

Causes 

 Nutritional hypoproteinemia is due to severe limitation of protein intake in the diet. An 

example of nutritional hypoproteinemia is Kwashiorkor, a type of protein energy 

malnutrition affecting young children. 

 Malabsorption 

 Liver disease can also cause hypoproteinemia by decreasing synthesis of plasma proteins 

like albumin. 

 Renal disease like nephrotic syndrome can also result in hypoproteinemia because plasma 

proteins are lost in the urine. 

 Sepsis (whole body infection) – macrophages activated in the liver and spleen secrete 

TNF-alpha into the bloodstream resulting in hypoproteinemia. 

 

Hyperproteinemia 

Hyperproteinemia is the state of having overly high levels of protein in the blood. This can occur 

due to monoclonal gammopathies such as multiple myeloma and after intravenous 

immunoglobulin has been given. It can result in a falsely low appearing sodium level 

(hyponatremia). 

Malnutrition 

Malnutrition is a condition that results from eating a diet in which one or more nutrients are 

either not enough or are too much such that the diet causes health problems. It may involve 

calories, protein, carbohydrates, vitamins or minerals. Not enough nutrients is called 

undernutrition or undernourishment while too much is called overnutrition. Malnutrition is often 

used to specifically refer to undernutrition where an individual is not getting enough calories, 

protein, or micronutrients. If undernutrition occurs during pregnancy, or before two years of age, 

it may result in permanent problems with physical and mental development.  Extreme 

undernourishment, known as starvation, may have symptoms that include: a short height, thin 

body, very poor energy levels, and swollen legs and abdomen. People also often get infections 

and are frequently cold.  The symptoms of micronutrient deficiencies depend on the 

micronutrient that is lacking.  

Undernourishment is most often due to not enough high-quality food being available to eat. 

This is often related to high food prices and poverty.A lack of breastfeeding may contribute, as 

may a number of infectious diseases such as: gastroenteritis, pneumonia, malaria, and measles, 

which increase nutrient requirements. There are two main types of undernutrition: protein-
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energy malnutrition and dietary deficiencies. Protein-energy malnutrition has two severe forms: 

marasmus (a lack of protein and calories) and kwashiorkor (a lack of just protein). Common 

micronutrient deficiencies include: a lack of iron, iodine, and vitamin A. During pregnancy, due 

to the body's increased need, deficiencies may become more common. In some developing 

countries, overnutrition in the form of obesity is beginning to present within the same 

communities as undernutrition. Other causes of malnutrition include anorexia nervosa and 

bariatric surgery. 

 

Amino acids 

Amino acids are organic compounds that combine to form proteins. Amino acids and proteins 

are the building blocks of life. When proteins are digested or broken down, amino acids are left. 

The human body uses amino acids to make proteins to help the body: 

 Break down food 

 Grow 

 Repair body tissue 

 Perform many other body functions 

 Amino acids can also be used as a source of energy by the body. 

Amino acids are classified into three groups: 

1. Essential amino acids 

2. Nonessential amino acids 

3. Conditional amino acids 

ESSENTIAL AMINO ACIDS 

Essential amino acids cannot be made by the body. As a result, they must come from food. 

The 9 essential amino acids are: histidine, isoleucine, leucine, lysine, methionine, phenylalanine, 

threonine, tryptophan, and valine. 

NONESSENTIAL AMINO ACIDS 

Nonessential means that our bodies produce an amino acid, even if we do not get it from the food 

we eat. 

Nonessential amino acids include: alanine, asparagine, aspartic acid, and glutamic acid. 

CONDITIONAL AMINO ACIDS 

Conditional amino acids are usually not essential, except in times of illness and stress. 
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Conditional amino acids include: arginine, cysteine, glutamine, tyrosine, glycine, ornithine, 

proline, and serine. 

Aminoaciduria  

Aminoaciduria occurs when the urine contains abnormally high amounts of amino acids. In the 

healthy kidney, the glomeruli filter all amino acids out of the blood, and the renal tubules then 

reabsorb over 95% of the filtered amino acids back into the blood.  In overflow aminoaciduria, 

abnormally high concentrations of amino acids in the blood plasma overwhelm the resorptive 

capacity of the renal tubules, resulting in high concentrations of amino acids in the urine. This 

may be caused by congenital disorders of amino acid metabolism,. for 

example, phenylketonuria, or may be secondary to liver disease.  

In renal aminoaciduria, the renal tubules are unable to reabsorb the filtered amino acids back 

into the blood, causing high concentrations of amino acids in the urine. This may be caused by a 

defect in the transport proteins in the renal tubule, for example, as occurs in Hartnup disease, or 

may be due to damage to the kidney tubule, for example, as occurs in Fanconi syndrome. 

Tangier disease 

Tangier disease (Familial alpha-lipoprotein deficiency) or hypoalphalipoproteinemia is a rare 

inherited disorder characterized by a severe reduction in the amount of high density lipoprotein 

(HDL), often referred to as "good cholesterol", in the bloodstrea 

Fatty liver disease (FLD) 

Fatty liver disease (FLD), also known as hepatic steatosis, is a condition where excess fat builds 

up in the liver.There are two types non-alcoholic fatty liver disease (NAFLD) and alcoholic liver 

disease. NAFLD is made up of simple fatty liver and non-alcoholic steatohepatitis (NASH). Risk 

factors for NAFLD include diabetes, obesity, and older age. The condition is also associated with 

other diseases that influence fat metabolism. It is difficult to distinguish alcoholic FLD, which is 

part of alcoholic liver disease, from nonalcoholic FLD (NAFLD), and both show microvesicular 

and macrovesicular fatty changes at different stages. 

Renal disease 

Kidney disease, or renal disease, also known as nephropathy, is damage to or disease of a kidney. 

Nephritis is an inflammatory kidney disease and has several types according to the location of 

the inflammation. Inflammation can be diagnosed by blood tests. Nephrosis is non-inflammatory 

kidney disease. Nephritis and nephrosis can give rise to nephritic syndrome and nephrotic 

syndrome respectively. Kidney disease usually causes a loss of kidney function to some degree 

and can result in kidney failure, the complete loss of kidney function. Kidney failure is known as 

the end-stage of kidney disease, where dialysis or a kidney transplant is the only treatment 

option. Chronic Kidney Disease causes the gradual loss of kidney function over time. Acute 

kidney disease is now termed acute kidney injury and is marked by the sudden reduction in 

kidney function over seven days.  
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Causes 

Causes of kidney disease include deposition of the Immunoglobulin A antibodies in the 

glomerulus, administration of analgesics, xanthine oxidase deficiency, toxicity of chemotherapy 

agents, and long-term exposure to lead or its salts. Chronic conditions that can produce 

nephropathy include systemic lupus erythematosus, diabetes mellitus and high blood pressure 

(hypertension), which lead to diabetic nephropathy and hypertensive nephropathy, respectively. 

IN BORN ERRORS OF METABOLISM 

Inborn errors of metabolism are rare genetic (inherited) disorders in which the body cannot 

properly turn food into energy. The disorders are usually caused by defects in specific proteins 

(enzymes) that help break down (metabolize) parts of food. A food product that is not broken 

down into energy can build up in the body and cause a wide range of symptoms. Several inborn 

errors of metabolism cause developmental delays or other medical problems if they are not 

controlled. Inborn errors of metabolism Inborn errors of metabolism form a large class of genetic 

diseases involving congenital disorders of metabolism. The majority are due to defects of single 

genes that code for enzymes that facilitate conversion of various substances (substrates) into 

others (products). In most of the disorders, problems arise due to accumulation of substances 

which are toxic or interfere with normal function, or to the effects of reduced ability to 

synthesize essential compounds. Inborn errors of metabolism are now often referred to as 

congenital metabolic diseases or inherited metabolic disorders. The term inborn errors of 

metabolism was coined by a British physician, Archibald Garrod (1857–1936), in 1908. He is 

known for work that prefigured the "one gene-one enzyme" hypothesis, based on his studies on 

the nature and inheritance of alkaptonuria. His seminal text, Inborn Errors of Metabolism was 

published in 1923. 

Classification 

1. Disorders of carbohydrate metabolism: e.g., glycogen storage disease, G6PD deficiency, 

fructose intolerance, Galactosemia 

2. Disorders of amino acid metabolism : e.g., phenylketonuria, maple syrup urine disease, 

glutaric acidemia type 1 

3. Urea Cycle Disorder or Urea Cycle Defects: e.g., Carbamoyl phosphate synthetase I 

deficiency 

4. Disorders of organic acid metabolism (organic acidurias): e.g., alkaptonuria, 2-

hydroxyglutaric acidurias 

5. Disorders of fatty acid oxidation and mitochondrial metabolism: e.g., Medium-chain 

acyl-coenzyme A dehydrogenase deficiency (often shortened to MCADD.) 

6. Disorders of porphyrin metabolism : e.g., acute intermittent porphyria 

7. Disorders of purine or pyrimidine metabolism: e.g., Lesch–Nyhan syndrome 
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8. Disorders of steroid metabolism: e.g., lipoid congenital adrenal hyperplasia, congenital 

adrenal hyperplasia 

9. Disorders of mitochondrial function: e.g., Kearns–Sayre syndrome 

10. Disorders of peroxisomal function: e.g., Zellweger syndrome 

11. Lysosomal storage disorders e.g., Gaucher's disease, Niemann–Pick disease 

Hereditary fructose intolerance 

Hereditary fructose intolerance is a disorder in which a person lacks the protein needed to break 

down fructose. Fructose is a fruit sugar that naturally occurs in the body. Man-made fructose is 

used as a sweetener in many foods, including baby food and drinks. 

Causes 

This condition occurs when the body is missing an enzyme called aldolase B. This substance is 

needed to break down fructose.,If a person without this substance eats fructose or sucrose (cane 

or beet sugar, table sugar), complicated chemical changes occur in the body. The body cannot 

change its stored form of sugar (glycogen) into glucose. As a result, blood sugar falls and 

dangerous substances build up in the liver. Hereditary fructose intolerance is inherited, which 

means it can be passed down through families. If both parents carry a nonworking copy of the 

adolase B gene, each of their children has a 25% (1 in 4) chance of being affected. 

Galactosemia 

Galactosemia is a condition in which the body is unable to use (metabolize) the simple sugar 

galactose. 

Causes 

Galactosemia is an inherited disorder. This means it is passed down through families. If both 

parents carry a nonworking copy of the gene that can cause galactosemia, each of their children 

has a 25% (1 in 4) chance of being affected with it. 

There are 3 forms of the disease: 

 Galactose-1 phosphate uridyl transferase deficiency: Classic galactosemia, the most 

common and most severe form 

 Deficiency of galactose kinase 

 Deficiency of galactose-6-phosphate epimerase 

People with galactosemia are unable to fully break down the simple sugar galactose. Galactose 

makes up half of lactose, the sugar found in milk. 

https://medlineplus.gov/ency/article/002257.htm


119 
 

If an infant with galactosemia is given milk, substances made from galactose build up in the 

infant's system. These substances damage the liver, brain, kidneys, and eyes. 

People with galactosemia cannot tolerate any form of milk (human or animal). They must be 

careful about eating other foods containing galactose. 

Maple syrup urine disease 

Maple syrup urine disease (MSUD) is a disorder in which the body cannot break down certain 

parts of proteins. The urine of people with this condition can smell like maple syrup. 

Causes 

Maple syrup urine disease (MSUD) is inherited, which means it is passed down through families. 

It is caused by a defect in 1 of 3 genes. People with this condition cannot break down the amino 

acids leucine, isoleucine, and valine. This leads to a buildup of these chemicals in the blood. In 

the most severe form, MSUD can damage the brain during times of physical stress (such as 

infection, fever, or not eating for a long time). 

Some types of MSUD are mild or come and go. Even in the mildest form, repeated periods of 

physical stress can cause mental disability and high levels of leucine to build up. 

Phenylketonuria 

Phenylketonuria (PKU) is a rare condition in which a baby is born without the ability to properly 

break down an amino acid called phenylalanine. 

Causes 

Phenylketonuria (PKU) is inherited, which means it is passed down through families. Both 

parents must pass on a nonworking copy of the gene in order for a baby to have the condition. 

Babies with PKU are missing an enzyme called phenylalanine hydroxylase. It is needed to break 

down the essential amino acid phenylalanine. Phenylalanine is found in foods that contain 

protein. Without the enzyme, levels of phenylalanine build up in the body. This buildup can 

harm the central nervous system and cause brain damage. 

Gaucher's disease 

Gaucher's disease or Gaucher disease (GD) is a genetic disorder in which glucocerebroside (a 

sphingolipid, also known as glucosylceramide) accumulates in cells and certain organs. The 

disorder is characterized by bruising, fatigue, anemia, low blood platelet count and enlargement 

of the liver and spleen, and is caused by a hereditary deficiency of the enzyme 

glucocerebrosidase (also known as glucosylceramidase), which acts on glucocerebroside. When 

the enzyme is defective, glucocerebroside accumulates, particularly in white blood cells and 
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especially in macrophages (mononuclear leukocytes). Glucocerebroside can collect in the spleen, 

liver, kidneys, lungs, brain, and bone marrow. 

Manifestations may include enlarged spleen and liver, liver malfunction, skeletal disorders or 

bone lesions that may be painful, severe neurological complications, swelling of lymph nodes 

and (occasionally) adjacent joints, distended abdomen, a brownish tint to the skin, anemia, low 

blood platelet count, and yellow fatty deposits on the white of the eye (sclera). Persons seriously 

affected may also be more susceptible to infection. 

Acute intermittent porphyria 

Acute intermittent porphyria (AIP), also called Swedish porphyria, pyrroloporphyria, intermittent 

acute porphyria) is a rare autosomal dominant metabolic disorder affecting the production of 

heme resulting from a deficiency of the porphobilinogen deaminase. It is the most common of 

the acute porphyrias 

Glucose-6-phosphate dehydrogenase deficiency (G6PDD) 

Glucose-6-phosphate dehydrogenase deficiency (G6PDD) is an inborn error of metabolism that 

predisposes to red blood cell breakdown. Most of the time, those who are affected have no 

symptoms. Following a specific trigger, symptoms such as yellowish skin, dark urine, shortness 

of breath, and feeling tired may develop. Complications can include anemia and newborn 

jaundice. Some people never have symptoms. It is an X-linked recessive disorder that results in 

defective glucose-6-phosphate dehydrogenase enzyme. Red blood cell breakdown may be 

triggered by infections, certain medication, stress, or foods such as fava beans.Depending on the 

specific mutation the severity of the condition may vary. 

 Diagnosis is based on symptoms and supported by blood tests and genetic testing.  

Glycogen storage disease 

A glycogen storage disease (GSD, also glycogenosis and dextrinosis) is a metabolic disorder 

caused by enzyme deficiencies affecting either glycogen synthesis, glycogen breakdown or 

glycolysis (glucose breakdown), typically within muscles and/or liver cells. GSD has two classes 

of cause: genetic and acquired. Genetic GSD is caused by any inborn error of metabolism 

(genetically defective enzymes) involved in these processes. In livestock, acquired GSD is 

caused by intoxication with the alkaloid castanospermine. 

Liver disease 

 Fascioliasis, a parasitic infection of liver caused by a liver fluke of the genus Fasciola, 

mostly the Fasciola hepatica  

https://en.wikipedia.org/wiki/Fascioliasis
https://en.wikipedia.org/wiki/Liver_fluke
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https://en.wikipedia.org/wiki/Fasciola_hepatica
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 Hepatitis, inflammation of the liver, is caused by various viruses (viral hepatitis) also by 

some liver toxins (e.g. alcoholic hepatitis), autoimmunity (autoimmune hepatitis) or 

hereditary conditions.  

 Alcoholic liver disease is a hepatic manifestation of alcohol overconsumption, 

including fatty liver disease, alcoholic hepatitis, and cirrhosis. Analogous terms such as 

"drug-induced" or "toxic" liver disease are also used to refer to disorders caused by various 

drugs.  

 Fatty liver disease (hepatic steatosis) is a reversible condition where large vacuoles 

of triglyceride fat accumulate in liver cells.[7] Non-alcoholic fatty liver disease is a spectrum 

of disease associated with obesity and metabolic syndrome.  

 Hereditary diseases that cause damage to the liver include hemochromatosis, involving 

accumulation of iron in the body, and Wilson's disease.  

 Liver damage is also a clinical feature of alpha 1-antitrypsin deficiency  and glycogen 

storage disease type II.  

 In transthyretin-related hereditary amyloidosis, the liver produces a mutated transthyretin 

protein which has severe neurodegenerative and/or cardiopathic effects. Liver transplantation 

can give a curative treatment option.  

 Gilbert's syndrome, a genetic disorder of bilirubin metabolism found in a small percent of 

the population, can cause mild jaundice.  

 Cirrhosis is the formation of fibrous tissue (fibrosis) in the place of liver cells that have died 

due to a variety of causes, including viral hepatitis, alcohol overconsumption, and other 

forms of liver toxicity. Cirrhosis causes chronic liver failure.  

 Primary liver cancer most commonly manifests as hepatocellular 

carcinoma and/or cholangiocarcinoma; rarer forms 

include angiosarcoma and hemangiosarcoma of the liver. (Many liver malignancies are 

secondary lesions that have metastasized from primary cancers in the gastrointestinal tract 

and other organs, such as the kidneys, lungs.)  

 Primary biliary cirrhosis is a serious autoimmune disease of the bile capillaries.  

 Primary sclerosing cholangitis is a serious chronic inflammatory disease of the bile duct, 

which is believed to be autoimmune in origin.[17] 

 Budd–Chiari syndrome is the clinical picture caused by occlusion of the hepatic vein.[ 

 

 

 

BASIC BIOCHEMICAL TECHNIQUES AND METHODS 

Mixtures and Solutions 

The word mixture can be defined as a heterogeneous association of substances that cannot be 

represented by a single chemical formula. This definition does not limit mixtures to solids mixed 

with liquids, nor is every mixture considered to be a solution. Two or more gases, solids, or 

liquids can be mixed, and two or more different phases of matter can be combined in a mixture. 

A biologist must be able to work with a variety of mixtures, many, but not all, of which are made 
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by mixing a solid with water. Not all such mixtures are true solutions, either. Here are some 

examples of mixtures that a biologist might encounter in a laboratory. 

 physiological saline solutions 

 buffers 

 cell suspensions 

 soil suspensions 

 staining solutions 

 microbiological media 

 chromatography slurries 

 dishwater 

 milk 

 protein solutions 

 DNA solutions 

 density gradients 

Wilhelm Ostwald, Nobel Laureate in Chemistry in 1909, was one of the founders of modern 

physical chemistry. He is reported to have said, "There are no sharp differences between 

mechanical suspensions, colloidal solutions, and molecular [true] solutions. There is a gradual 

and continuous transition from the first through the second to the third.” A mixture, regardless of 

type, is described as "uniformly dispersed." This means that one or more minor components are 

evenly distributed throughout a major component. The major component is the substance that is 

present in the greatest proportion. In the biology laboratory the major component is often a 

liquid, and minor components can be solids, other liquids, or even gases. 

The "mechanical suspension" to which Ostwald referred is the easiest to describe. The minor 

component in a suspension is typically visible in an optical microscope and is often visible to the 

naked eye. A colloidal mixture is sometimes called a colloidal system, a colloidal suspension, or 

simply a "colloid." The smallest dimension of the minor component of a colloidal mixture can 

range from approximately one nanometer (1 billionth of a meter) to one micrometer (1 millionth 

of a meter). Examples of liquid colloidal mixtures are milk, paints, and muddy water. The 

medium can be a gas, in the cases of smog, smoke, or aerosol sprays. Some solids are considered 

to be colloidal mixtures, as in steel or foam rubber. 

In a true solution, one or minor components interact at the molecular level or ionic level with the 

major component. The minor components are atoms or molecules, and are not distinguishable in 

any optical microscope. Learn to apply the correct term when describing a mixture. For example, 

mixing cells in buffer does not usually produce a solution. Solutions are completely 

homogeneous mixtures, a property that is often attributed to suspensions and colloids as well. 

The minor components of a true solution, however, remain dispersed due to interactions at the 

molecular level. A substance is considered to be soluble in a particular solvent if it is capable of 

interaction with the solvent so as to form a solution. 

Starch (iodine test): 
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 To approximately 2 cm³ of test solution adds two drops of iodine/potassium iodide 

solution. 

 A blue-black color indicates the presence of starch as a starch-polyiodide complex is 

formed. 

 Starch is only slightly soluble in water, but the test works well in a suspension or as a 

solid. 

Reducing substances/sugars (Benedict’s test): 

 All monosaccharides and most disaccharides (except sucrose) will reduce copper (II) 

sulfate, producing a precipitate of copper (I) oxide on heating, so they are called reducing 

sugars. 

 Benedict’s reagent is an aqueous solution of copper (II) sulfate, sodium carbonate and 

sodium citrate. 

 To approximately 2 cm³ of test solution adds an equal quantity of Benedict’s reagent. 

Shake, and heat for a few minutes at 95°C in a water bath. 

 A precipitate indicates reducing sugar. The color and density of the precipitate give an 

indication of the amount of reducing sugar present, so this test is semi-quantitative. 

 The original pale blue color means no reducing sugar, a green precipitate means 

relatively little sugar; a brown or red precipitate means progressively more sugar is 

present. 

Non-reducing Sugars (Benedict’s test): 

 Sucrose is called a non-reducing sugar because it does not reduce copper sulfate, so there 

is no direct test for sucrose. 

 However, if it is first hydrolyzed (broken down) to its constituent monosaccharides 

(glucose and fructose), it will then give a positive Benedict’s test. 

 So sucrose is the only sugar that will give a negative Benedict’s test before hydrolysis 

and a positive test afterward. First test a sample for reducing sugars, to see if there are 

any present before hydrolysis. Then, using a separate sample, boil the test solution with 

dilute hydrochloric acid for a few minutes to hydrolyze the glycosidic bond. Neutralize 

the solution by gently adding small amounts of solid sodium hydrogen carbonate until it 

stops fizzing, then test as before for reducing sugars. 

 First test a sample for reducing sugars, to see if there are any present before hydrolysis. 

Then, using a separate sample, boil the test solution with dilute hydrochloric acid for a 

https://www.biochemden.com/isolation-of-starch-from-potatoes/
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few minutes to hydrolyze the glycosidic bond. Neutralize the solution by gently adding 

small amounts of solid sodium hydrogen carbonate until it stops fizzing, then test as 

before for reducing sugars. 

Lipids (emulsion test): 

 Lipids do not dissolve in water but do dissolve in ethanol. This characteristic is used in 

the emulsion test. 

 Do not start by dissolving the sample in water, but instead, shake some of the test 

samples with about 4 cm³ of ethanol. 

 Decant the liquid into a test tube of water, leaving any undissolved substances behind. 

 If there are lipids dissolved in the ethanol, they will precipitate in the water, forming a 

cloudy white emulsion. 

Protein (biuret test): 

 To about 2 cm³ of test solution adds an equal volume of biuret solution, down the side of 

the test tube. 

 A blue ring forms at the surface of the solution, which disappears on shaking, and the 

solution turns lilac-purple, indicating protein. 

 The color is due to a complex between nitrogen atoms in the peptide chain and Cu2+ ions, 

so this is really a test for peptide bonds. 

Chromatography: 

Chromatography is used to separate pure substances from a mixture of substances, such as a cell 

extract. It is based on different substances having different solubility in different solvents. A 

simple and common form of chromatography use filter paper. 

1. Pour some solvent into a chromatography tank and seal it, so the atmosphere is saturated 

with solvent vapor. Different solvents are suitable for different tasks, but they are usually 

mixtures of water with organic liquids such as ethanol or propanone. 

2. Place a drop of the mixture to be separated onto a sheet of chromatography paper near 

one end. This is the origin of the chromatogram. The spot should be small but 

concentrated. Repeat for any other mixtures. Label the spots with pencil, as ink may 

dissolve. 

3. Place the chromatography sheet into the tank so that the origin is just above the level of 

solvent, and leave for several hours. The solvent will rise up the paper by capillary action 

carrying the contents of the mixture with it. Any solutes dissolved in the solvent will be 
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partitioned between the organic solvent (the moving phase) and the water, which is held 

by the paper (the stationary phase). The more soluble a solute is in the solvent the further 

up the paper it will move. 

4. When the solvent has nearly reached the top of the paper, the paper is removed and the 

position of the solvent front marked. The chromatogram may need to be developed to 

make the spots visible. For example, amino acids stain purple with ninhydrin. 

5. The chromatogram can be analyzed by measuring the distance traveled by the solvent 

front, and the distance from the origin to the center of each spot. This is used to calculate 

the Rf (relative front) value for each spot: 

Rf value is characteristic of a particular solute in a particular solvent. It can be used to identify 

components of a mixture by comparing to tables of known Rf values. 

Sometimes chromatography with a single solvent is not enough to separate all the constituents of 

a mixture. In this case, the separation can be improved by two-dimensional chromatography, 

where the chromatography paper is turned through 90° and run a second time in a second 

solvent. Solutes that didn’t separate in one solvent will separate in another because they have 

different solubility. 

There are many different types of chromatography. 

 Paper chromatography is the simplest but does not always give very clean separation.  

 Thin layer chromatography (TLC) uses a thin layer of cellulose or silica coated onto a 

plastic or glass sheet. This is more expensive but gives much better and more reliable 

separation. 

 Column chromatography uses a glass column filled with a cellulose slurry. Large 

samples can be pumped through the column and the separated fractions can be collected 

for further experiments, so this is preparative chromatography as opposed to analytical 

chromatography. 

 High-performance liquid chromatography (HPLC) is an improved form of column 

chromatography that delivers excellent separation very quickly. 

 Electrophoresis uses an electric current to separate molecules on the basis of charge. It 

can also be used to separate on the basis of molecular size, and as such is used in DNA 

sequencing. 

Cell Fractionation 

 This means separating different parts and organelles of a cell so that they can be studied in 

detail. All the processes of cell metabolism (such as respiration or photosynthesis) have been 

https://www.biochemden.com/paper-chromatography/
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studied in this way. This is one of the biochemical techniques. The most common method of 

fractionating cells is to use differential centrifugation. 

A more sophisticated separation can be performed by density gradient centrifugation. In this, the 

cell-free extract is centrifuged in a dense solution (such as sucrose or cesium chloride). The 

fractions don’t pellet, but instead, separate out into layers with the densest fractions near the 

bottom of the tube. The desired layer can then be pipetted off. This is the technique used in the 

Meselson-Stahl experiment   and it is also used to separate the two types of ribosomes. The terms 

the 70S and 80S refer to their positions in a density gradient. 

Tissue Fractionation 

Just as a whole number can be considered to be the sum of individual fractions, tissue can be 

treated as the sum of individual parts that we also call fractions. We can take tissues apart, that 

is, fractionate them, in order to obtain fairly pure samples of the components that we need for 

study. Tissue can be fractionated in a number of different ways, depending on what part we wish 

to isolate. By comparison, the number 1 can be expressed as 1/5 + 2/5 + 2/5. We can divide it 

differently, for example, 1 = 1/2 +1/16 + 7/16. 

The purpose of tissue or cell fractionation is to obtain a pure sample of part of the original whole, 

such as mitochondria, plasma membranes, DNA, RNA, soluble proteins, or even a specific 

macromolecule. For example, whole liver includes connective tissue, arteries and veins, fatty 

deposits, hepatocytes, etc. We can choose to isolate the hepatocytes (liver cells) from the rest of 

the material, obtaining two fractions such that 

whole liver = [hepatocytes] + [non-hepatocytes] 

We can further fractionate the hepatocytes. For example, 

hepatocyte suspension = [liver mitochondria] + [cell nuclei] + [vesiculated membranes, 

remaining organelles, and cytoplasm] 

Another example is the fractionation of whole blood, which is considered to be a tissue. 

whole blood = [plasma] + [red cells, white cells, and platelets] 

Methods for the fractionation of tissue often start with homogenization using a blendor, grinder, 

or some other mechanical device, followed by differential centrifugation. Suspensions of cells 

that are obtained from whole tissue must be lysed (burst open) in order to release their contents, 

unless lysis is accomplished by the homogenization itself. 

We conduct a simple fractionation in the teaching lab in order to obtain fairly pure preparations 

of red cell (erythrocyte) plasma membranes, with their associated proteins. Homogenization is 

not necessary, since whole blood treated with anticoagulant remains a liquid. We first use 
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centrifugation to separate blood plasma from the formed elements (red and white cells, and 

platelets). We then lyse the red cells and separate the membranes from the cytoplasm. 

Another scientist may read the research paper, and may want to know how much material he/she 

can expect to obtain by using the methods. The investigator may want to isolate another part of 

the tissue, not necessarily the part that  studied. Therefore, when we report the results of a tissue 

or cell fractionation, we need to describe how much material we obtain for each fraction, for a 

given amount of starting tissue. We call that the yield, and describe the yield as total amount of 

protein in that fraction. 

Total protein in a volume of whole blood = [total protein in plasma] +[ total protein in white 

cells and platelets] + [total protein in red cell cytoplasm] + [total protein in and attached to red 

cell membranes] 

To obtain total protein in a fraction, we need to know two things, namely the total volume of the 

fraction and the protein concentration for the fraction. Nearly all fractions are suspensions of 

particles or are solutions, thus we need only record a liquid volume in order to obtain the first bit 

of information. In order to obtain the protein concentration we need to save a sample (called 

an aliquot and pronounced al'-i-kwat) and conduct a protein assay on that sample. It is seldom 

necessary to save the entire fraction - we only need a sample. 

yield = [total volume of a fraction] x [protein concentration in the fraction] 

Yields are typically reported in a table, with columns for (1) name of the fraction, (2) volume of 

the fraction, (3) concentration of protein in the fraction, and (4) yield. We report only yields of 

the principal fractions, that is, those that contribute most of the protein. Thus, in the blood 

fractionation we don't worry about the small contribution from white cells and platelets, which 

are lost anyway during the various wash steps. 

The yields that we report are invariably just rough estimates. Any fractionation process results in 

loss of material, so that often the total of all yields does not add up to the amount of starting 

material. What is even more frustrating for inexperienced investigators is that sometimes the 

total of all yields adds up to more than the starting amount! That is because all protein assays 

differ in their sensitivity to concentrations of different proteins, so that the sensitivity of an assay 

to protein concentration in two different fractions of differing composition can differ by two-fold 

or more. If that happens, simply report the yields as calculated and explain the inconsistency in 

the discussion. Do be wary, however, of extreme inconsistencies. If  wind up with, say, ten times 

more protein than  started with,  might want to check the work. 

One more thing - because yields are inherently inaccurate, we don't try to obtain an extremely 

precise estimate of total protein in any given fraction. Generally, if  use centrifugation to separate 

the liquid portion of a suspension (the supernatant) from the semi-solid pellet,  only need to take 

a sample of the supernatant and a sample of the pellet after  resuspend it. If  continue to wash the 

pellet free of contaminants, don't worry about the "extra" protein that  are throwing away. 

Enzyme Kinetics 
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This means measuring the rate of enzyme reactions. 

 Firstly we need a signal to measure that shows the progress of the reaction. The signal 

should change with either substrate or product concentration, and it should preferably be 

something that can be measured continuously. Typical signals include color changes, pH 

changes, mass changes, gas production, volume changes or turbidity changes. If the 

reaction has none of these properties, it can sometimes be linked to a second reaction 

which does generate one of these changes. 

 If we mix the substrate with enzyme and measure the signal, we will obtain a time course. 

If the signal is proportional to substrate concentration it will start high and decrease, 

while if the signal is proportional to the product it will start low and increase. In both 

cases, the time-course will be curved (actually an exponential curve). 

 How do we obtain a rate from this time-course? One thing that is not a good idea is to 

measure the time taken for the reaction, for as the time-course shows it is very difficult to 

say when the reaction ends: it just gradually approaches the end-point. A better method is 

to measure the initial rate – that is the initial slope of the time-course. This also means we 

don’t need to record the whole time-course, but simply take one measurement a short 

time after mixing. 

 Repeat this initial rate measurement under different conditions (such as different 

substrate concentrations) and then plot a graph of rate vs. the factor. Each point on this 

second graph is taken from a separate initial rate measurement (or better still is an 

average of several initial rate measurements under the same conditions). Draw a smooth 

curve through the points. 

 Be careful not to confuse the two kinds of the graph (the time-course and rate graphs) 

when interpreting the data. 

 One useful trick is to dissolve the substrate in agar in an agar plate. If a source of the 

enzyme is placed on the agar plate, the enzyme will diffuse out through the agar, turning 

the substrate into the product as it goes. There must be a way to distinguish the substrate 

from the product, and the reaction will then show up as a ring around the enzyme source. 

 The higher the concentration of enzyme, the higher the diffusion gradient, so the faster 

the enzyme diffuses through the agar, so the larger the ring in a given time. 

 The diameter of the ring is, therefore, proportional to the enzyme concentration. This can 

be done for many enzymes, e.g. a protein agar plate can be used for a protease enzyme, or 

a starch agar plate can be used for the enzyme amylase. 
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concentration and dilution tests; urinary, acidification tests, urine specific gravity/Osmolarity. 

Dye Excretion test. Water and Electrolyte status. Blood buffers. Transport of blood gases; 

assessment of acid/base status. Lipids; definition and types of lipids; formation of free fatty 

acids, Ketone bodies and lactate; measurement of plasma lipids and lipoprotein. Plasma proteins 

and physiology functions; factors affecting synthesis and catabolism. Methods for the 

determining of total protein in serum. Carbohydrate metabolism; blood glucose homeostasis, 

Hyperglycemia diabetes mellitus-its cause and investigation: Hypoglycemia—types causes and 

investigation. 

Detection and Measurement of Radioactivity 

Radioactive Decay 

Isotopes of a given element have nuclei with the same number of protons but different numbers 

of neutrons. Some isotopes are stable, however radioisotopes are unstable and disintegrate, with 

the emission of three main types of radiation. 

Alpha emitters release a particle composed of 2 neutrons and 2 protons. The atomic number is 

therefore reduced by 2, and the atomic mass by 4. Alpha particles are so heavy that even with 

low velocity their momentum is high. They don't travel far, but when they collide with other 

molecules they do a lot of damage, therefore alpha emitters are considered to be quite hazardous. 

When a beta particle emitter decays, one of its extra neutrons is converted to a proton, increasing 

its atomic number by 1 without changing its atomic mass. The breakdown is accompanied by the 

emission of a negatively charged particle of low mass, called the beta particle, and an uncharged 

particle of low mass, called a neutrino. For example, hydrogen consists of just one proton and 

one electron. Deuterium (2-H), a component of "heavy water," consists of a proton, an electron, 

and one neutron, and is a stable isotope. Tritium (3-H) is an unstable isotope of hydrogen, 

consisting of a proton, an electron, and two neutrons. When an atom of tritium decays, one of the 

neutrons is converted to a proton, one beta particle and one neutrino are released, and a helium 

isotope (3-He) remains. Tritium is called a "soft" beta emitter, because its beta particles have 

relatively low velocities. A hard beta emitter such as 32-P (phosphorous) is more dangerous 

because its beta particles carry more kinetic energy (however it is easier to detect - read on). 

Gamma rays consist of electromagnetic radiation resembling X-rays. An example of a gamma 

emitter is 131-I (iodine). Gamma radiation may accompany either alpha or beta particle 

emission. 

A traditional unit of radioactivity is the Curie (Ci), which is defined as that quantity of any 

radioisotope undergoing 2.22 x 10^12 atomic disintegrations per minute (DPM). A milliCurie 

(mCi) of a radioisotope undergoes 2.22 x 109 DPM, and a microCurie produces 2.22 x 10^6 

DPM. Since 1975, the becquerel (Bq) has replaced the Curie as the preferred international unit of 
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radioactivity. One Bq is defined as one atomic disintegration per second, or 2.703 x 10^-11 dpm. 

Working amounts in a laboratory might be described in microCuries or milliCuries, 

kiloBecqerels or megaBecquerels. 

When the product of an atomic disintegration is a stable isotope, atomic decay leaves less 

radioactive material behind. Therefore, as time passes, the amount of activity declines 

logarithmically. The half-life of a radioisotope is the time it takes for one-half of the unstable 

atoms to disintegrate. Each radioisotope has a characteristic rate of decay and pattern of 

radiation. For example, 14-C is a low energy beta emitter with a half life of 5500 years. 

A radioisotope, or any compound that contains a radioisotope, is said to be radiolabeled and is 

called a radionuclide. The specific activity of a radionuclide is the amount of radioactivity, Bq or 

Ci, per mole of the compound. Clearly, as radioactive decay proceeds, the specific activity of any 

radionuclide declines. 

Methods of detection 

The method employed to detect radiation depends on the type of emitter and the intended 

purpose of detection. The most well known method of detecting radiation is with an ionization 

chamber. A high energy particle can dislodge electrons from the atoms it strikes, producing pairs 

of ions. Particles are allowed to pass between parallel plates, one with a positive charge and one 

with a negative charge. As ionization takes place the ions each move to the plate with the 

opposite charge, producing a current. The current is read on a meter. The Geiger-Mueller counter 

is based on the ionization detection principle. 

Photographic film can be exposed by all types of radiation, and is used to monitor exposure of 

personnel working with high energy emitters. A visible track in a cloud or bubble chamber can 

pick up radioactivity, as can a calorimeter if the energy emitted is quite high. 

A problem with many methods of detection is that the energy of the emitter must be high enough 

to travel some distance through air. The particles emitted by many radionuclides, especially 14-C 

and 3-H labeled compounds, do not travel a significant distance in air, but pose a danger if 

internalized because of their proximity to molecules such as DNA. For example, a beta particle 

emitted by tritium cannot penetrate a sheet of paper, yet tritium in the body fluids can pose a 

significant hazard. A liquid scintillation detector can pick up radiation from "soft" beta emitters 

as well as from other radioisotopes. An ionizing particle is allowed to pass through a crystal or 

liquid phosphor, which absorbs its energy and re-emits the energy as flashes of light. Usually the 

emitter must be dissolved in liquid containing the luminescent compound, so that the distance 

traveled by the particle is very short. 

Liquid scintillation counting 

The amount of kinetic energy in a beta particle differs from one decay to the next. However, 

each radioisotope has a typical energy spectrum, that is, a predictable range of energies. Typical 
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energy spectra for different radioisotopes can be radically different in shape and magnitude, as 

with the commonly used 14-C and 3-H. 

 

In liquid scintillation counting, the material containing radioisotopes is dissolved in an organic 

solvent containing an aromatic solute (the scintillant). When radioactive decay takes place, the 

energy of a beta particle is transferred by collision to an electron in the shell of the scintillant, 

exciting that electron. The electron then returns to its ground state, releasing a photon. The 

energy transfer can be from beta particle to solvent to scintillant, or directly to the scintillant, and 

usually there are multiple collisions per b particle. The number of photons emitted following 

each atomic disintegration is proportional to the energy of the released beta particle. 

 

Now here is how the detection system works. The vial is lowered into a dark chamber with 

photoelectric detectors on each side. Each "flash" received by the detectors corresponds to one 

atomic disintegration. The detectors are connected, via photomultiplier tubes, to a 

microprocessor unit that records not only each event, but also the number of photons detected 

during each event (brightness of the flash). At brief intervals, such as 1/100 second, the 

instrument calculates the number of flashes per unit time, displaying them as counts per minute, 

or CPM. 
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Background and Quenching 

No detection system perfect, of course. In liquid scintillation counting, cosmic rays, beta 

particles from decaying potassium in the glass vial, spontaneous discharges from the very 

sensitive photodetectors, and chemicals dissolved in the scintillation fluid all can contribute to 

spontaneous flashes of light that are recorded as counts. The CPM attributable to such sources 

are called background. Background counts are often so low relative to the activity being 

measured that they are ignored. However if the number of "real" counts is low, background 

counts can contribute to experimental error. It is a good practice to include a vial containing 

everything except added radioactivity as a control to determine the background level. 

Background CPM are then subtracted directly from the CPM for the experimental samples. 

Unfortunately, there are two more little problems. No instrument is capable of recording all of 

the atomic disintegrations within a scintillation vial. Because of the geometry of the vial and 

photoelectric detectors some events go undetected. The maximum efficiency with which a low 

energy emitter such as tritium can be detected is about 70%. Worse yet, the energy of some 

photons is absorbed by chemicals in the solvent before the photon can reach the detector. The 

latter phenomenon is known as quenching. With the chemical quenching that is typical of most 

experiments, the usual counting efficiency for tritium is 30 to 40%, and sometimes much less. 

The amount of quenching can vary from sample to sample, therefore it is often necessary to 

estimate the efficiency of counting for each individual sample. 

Remember that the amount of light detected is proportional to the energy of the beta particle that 

was released by the disintegrating nucleus. When  prepare to count samples,  select appropriate 

"windows", that is, ranges of light intensity that the instrument will record as counts. The 

instrument records the amount of light detected following an event, and if that amount is within 

the energy range for a particular window, the event is recorded as one count. It is ignored if it 

falls outside the selected range. Each window is given a channel number, and the count for each 

window is given as CPM for the corresponding channel. 
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As quenching takes place, the energy recorded for each event is less than it would be for an 

unquenched sample, since for each event the energy of some photons is absorbed before 

detection is possible. The energy spectrum is shifted to the left, and the greater the quenching the 

greater the shift. As the shift takes place, the ratio of counts in channel 2 to counts in channel 1 

becomes smaller. That ratio is known as the sample channels ratio, or SCR. 

Counting efficiency is positively related to the SCR. To get a conversion factor between SCR 

and efficiency, equal known amounts of the isotope are added to a series of vials. Progressively 

greater amounts of a quenching agent, such as carbon tetrachloride, are added to each vial. The 

vials are counted and CPM is divided by known DPM to get the fractional efficiency of 

counting. For example, if a vial with 20,000 DPM of tritium yields 5,000 CPM, the fractional 

efficiency of counting was 5,000/20,000 = 0.25, that is, 25% of the atomic disintegrations were 

detected. Fractional efficiency is plotted versus SCR to yield a quench curve. The instrument 

prints out CPM and SCR for each sample, therefore to get actual DPM in a sample the 

investigator must (1) subtract background CPM from the CPM for the sample, (2) determine 

fractional efficiency from the SCR for the sample, and (3) divide net CPM by the fractional 

efficiency. 

 

Example.  are counting samples containing 14-C. Sample #1 gives  channel 1 CPM of 1323. The 

background counts were 23 CPM and the SCR was 0.5. From the quench curve, an SCR of 0.5 

corresponds to an efficiency of 0.93. Then the estimated amount of radioactivity in the sample is 

(1323 - 23)/0.93 = 1398 DPM. 

There are other problems associated with the measurement of radioactivity that are not so easily 

solved. However, for single label experiments the quench correction is all  need. Review the 

special safety cautions for radioisotope work, and  are ready to go. 

The scintillation counter printout 

Modern scintillation counters have a conveyor system that automatically feeds samples in order 

into the counting chamber. As each sample is counted the relevant information is printed. A 

typical printout includes preliminary information followed by specific information on a sample 

by sample basis. Every manufacturer uses a different system of terms and abbreviations, so either  
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will need access to the instrument manual or the printout from the instrument will have to be 

translated by an experienced individual. 

Preliminary information may include the date, time, user i.d., and program selected. Common 

counting parameters are usually listed. The parameters may include: number of times each 

sample is counted; time period of counting each sample; number of times the entire set of 

samples is counted; type of quench correction; windows selected; special features such as criteria 

for cutting short a count if counts are very high, or automatic background subtract. The 

preliminary information must indicate that the counting parameters were appropriate for the type 

of samples. 

The information supplied for each sample typically includes: sample i.d., which may be position 

number in a rack, position in order of counting, or both; channel numbers (windows) and 

corresponding counts per minute; time of counting; elapsed time since the run was started (this is 

important for radioisotopes with very short half lives); sample channels ratio or other measure of 

quenching. 

 

 

 

Microscopy  

Of all the techniques used in biology, microscopy is probably the most important. The vast 

majority of living organisms are too small to be seen in any detail with the human eye, and cells 

and their organelles can only be seen with the aid of a microscope. Cells were first seen in 1665 

by Robert Hooke (who named them after monks’ cells in a monastery) and were studied in more 

detail by Leeuwenhoek using a primitive microscope. 

Magnification and Resolving Power. By using more lenses microscopes can magnify by a 

larger amount, but this doesn’t always mean that more detail can be seen. The amount of detail 

depends on the resolving power of a microscope, which is the smallest separation at which two 

separate objects can be distinguished (or resolved). It is calculated by the formula: 

where lambda is the wavelength of light, and n.a. is the numerical aperture of the lens (which 

ranges from about 0.5 to 1.4). So the resolving power of a microscope is ultimately limited by 

the wavelength of light (400-600nm for visible light). To improve the resolving power a shorter 

wavelength of light is needed, and sometimes microscopes have blue filters for this purpose 

(because blue has the shortest wavelength of visible light). 

Different kinds of Microscope: 

Light Microscope: 
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 This is the oldest, simplest and most widely-used form of microscopy. 

 Specimens are illuminated with light, which is focussed using glass lenses and viewed 

using the eye or photographic film. 

 Specimens can be living or dead, but often need to be stained with a colored dye to make 

them visible. 

 Many different strains are available that stain specific parts of the cell such as DNA, 

lipids, cytoskeleton, etc. 

 All light microscopes today are compound microscopes, which means they use several 

lenses to obtain high magnification. 

 Light microscopy has a resolution of about 200 nm, which is good enough to see cells, 

but not the details of cell organelles. 

 There has been a recent resurgence in the use of light microscopy, partly due to technical 

improvements, which have dramatically improved the resolution far beyond the 

theoretical limit. For example fluorescence microscopy has a resolution of about 10 nm, 

while interference microscopy has a resolution of about 1 nm. 

Electron Microscope: 

 This uses a beam of electrons, rather than electromagnetic radiation, to “illuminate” the 

specimen. 

 This may seem strange, but electrons behave like waves and can easily be produced 

(using a hot wire), focussed (using electromagnets) and detected (using a phosphor screen 

or photographic film). 

 A beam of electrons has an effective wavelength of less than 1 nm, so can be used to 

resolve small sub-cellular ultrastructure. 

 The development of the electron microscope in the 1930s revolutionized biology, 

allowing organelles such as mitochondria, ER, and membranes to be seen in detail for the 

first time. 

The main problem with the electron microscope is that specimens must be fixed in plastic and 

viewed in a vacuum, and must, therefore, be dead. Other problems are that the specimens can be 

damaged by the electron beam and they must be stained with an electron-dense chemical (usually 

heavy metals like osmium, lead or gold). Initially, there was a problem of artifacts (i.e. observed 

structures that were due to the preparation process and were not real), but improvements in 

technique have eliminated most of these. 
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There are two kinds of the electron microscope. The transmission electron microscope (TEM) 

works much like a light microscope, transmitting a beam of electrons through a thin specimen 

and then focussing the electrons to form an image on a screen or on film. This is the most 

common form of the electron microscope and has the best resolution. The scanning electron 

microscope (SEM) scans a fine beam of an electron onto a specimen and collects the electrons 

scattered by the surface. This has a poorer resolution but gives excellent 3-dimentional images of 

surfaces. 

 X-ray Microscope: This is an obvious improvement to the light microscope, since x-rays 

have wavelengths a thousand time shorter than visible light, and so could even be used to 

resolve atoms. Unfortunately, there are no good x-ray lenses, so an image cannot be 

focussed, and usable x-ray microscopes do not yet exist. However, x-rays can be used 

without focussing on giving a diffraction pattern, which can be used to work out the 

structures of molecules, such as those of proteins and DNA. 

 Scanning Tunnelling Microscope (or Atomic Force Microscope): This uses a very 

fine needle to scan the surface of a specimen. It has a resolution of about 10 pm and has 

been used to observe individual atoms for the first time. 

 

Light Microscopy 

The light microscope, so called because it employs visible light to detect small objects, is 

probably the most well-known and well-used research tool in biology. Yet, many students and 

teachers are unaware of the full range of features that are available in light microscopes. Since 

the cost of an instrument increases with its quality and versatility, the best instruments are, 

unfortunately, unavailable to most academic programs. However, even the most inexpensive 

"student" microscopes can provide spectacular views of nature and can enable students to 

perform some reasonably sophisticated experiments. 

A beginner tends to think that the challenge of viewing small objects lies in getting enough 

magnification. In fact, when it comes to looking at living things the biggest challenges are, in 

order, 

 obtaining sufficient contrast 

 finding the focal plane 

 obtaining good resolution 

 recognizing the subject when one sees it 

The smallest objects that are considered to be living are the bacteria. The smallest bacteria can be 

observed and cell shape recognized at a mere 100x magnification. They are invisible in bright 
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field microscopes, though. These pages will describe types of optics that are used to obtain 

contrast, suggestions for finding specimens and focusing on them, and advice on using 

measurement devices with a light microscope. 

Types of light microscopes 

The bright field microscope is best known to students and is most likely to be found in a 

classroom. Better equipped classrooms and labs may have dark field and/or phase contrast 

optics. Differential interference contrast, Nomarski, Hoffman modulation contrast and variations 

produce considerable depth of resolution and a three dimensional effect. Fluorescence and 

confocal microscopes are specialized instruments, used for research, clinical, and industrial 

applications. 

Other than the compound microscope, a simpler instrument for low magnification use may also 

be found in the laboratory. The stereo microscope, or dissecting microscope usually has a 

binocular eyepiece tube, a long working distance, and a range of magnifications typically from 

5x to 35 or 40x. Some instruments supply lenses for higher magnifications, but there is no 

improvement in resolution. Such "false magnification" is rarely worth the expense. 

 

Bright Field Microscopy 

With a conventional bright field microscope, light from an incandescent source is aimed toward 

a lens beneath the stage called the condenser, through the specimen, through an objective lens, 

and to the eye through a second magnifying lens, the ocular or eyepiece. We see objects in the 

light path because natural pigmentation or stains absorb light differentially, or because they are 

thick enough to absorb a significant amount of light despite being colorless. 

A Paramecium should show up fairly well in a bright field microscope, although it will not be 

easy to see cilia or most organelles. Living bacteria won't show up at all unless the viewer hits 

the focal plane by luck and distorts the image by using maximum contrast. 

A good quality microscope has a built-in illuminator, adjustable condenser with aperture 

diaphragm (contrast) control, mechanical stage, and binocular eyepiece tube. The condenser is 

used to focus light on the specimen through an opening in the stage. After passing through the 

specimen, the light is displayed to the eye with an apparent field that is much larger than the area 

illuminated. The magnification of the image is simply the objective lens magnification (usually 

stamped on the lens body) times the ocular magnification. 

Students are usually aware of the use of the coarse and fine focus knobs, used to sharpen the 

image of the specimen. They are frequently unaware of adjustments to the condenser that can 

affect resolution and contrast. Some condensers are fixed in position, others are focusable, so 

that the quality of light can be adjusted. Usually the best position for a focusable condenser is as 
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close to the stage as possible. The bright field condenser usually contains an aperture diaphragm, 

a device that controls the diameter of the light beam coming up through the condenser, so that 

when the diaphragm is stopped down (nearly closed) the light comes straight up through the 

center of the condenser lens and contrast is high. When the diaphragm is wide open the image is 

brighter and contrast is low. 

A disadvantage of having to rely solely on an aperture diaphragm for contrast is that beyond an 

optimum point the more contrast  produce the more  distort the image. With a small, unstained, 

unpigmented specimen,  are usually past optimum contrast when  begin to see the image. 

Using a bright field microscope 

First, think about what  want to do with the microscope. What is the maximum magnification  

will need? Are  looking at a stained specimen? How much contrast/resolution do  require? Next, 

start setting up for viewing. 

Mount the specimen on the stage 

The cover slip must be up if there is one. High magnification objective lenses can't focus through 

a thick glass slide; they must be brought close to the specimen, which is why coverslips are so 

thin. The stage may be equipped with simple clips (less expensive microscopes), or with some 

type of slide holder. The slide may require manual positioning, or there may be a mechanical 

stage (preferred) that allows precise positioning without touching the slide. 

Optimize the lighting 

A light source should have a wide dynamic range, to provide high intensity illumination at high 

magnifications, and lower intensities so that the user can view comfortably at low 

magnifications. Better microscopes have a built-in illuminator, and the best microscopes have 

controls over light intensity and shape of the light beam. If the microscope requires an external 

light source, make sure that the light is aimed toward the middle of the condenser. Adjust 

illumination so that the field is bright without hurting the eyes. 

Adjust the condenser 

To adjust and align the microscope, start by reading the manual. If no manual is available, try 

using these guidelines. If the condenser is focusable, position it with the lens as close to the 

opening in the stage as  can get it. If the condenser has selectable options, set it to bright field. 

Start with the aperture diaphragm stopped down (high contrast).  should see the light that comes 

up through the specimen change brightness as  move the aperture diaphragm lever. 

Think about what  are looking for 

It is a lot harder to find something when  have no expectations as to its apprearance. How big is 

it? Will it be moving? Is it pigmented or stained, and if so what is its color? Where do  expect to 
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find it on a slide? For example, students typically have a lot of trouble finding stained bacteria 

because with the unaided eye and at low magnifications the stuff looks like dirt. It helps to know 

that as smears dry down they usually leave rings so that the edge of a smear usually has the 

densest concentration of cells. 

Focus, locate, and center the specimen 

Start with the lowest magnification objective lens, to home in on the specimen and/or the part of 

the specimen  wish to examine. It is rather easy to find and focus on sections of tissues, 

especially if they are fixed and stained, as with most prepared slides. However it can be very 

difficult to locate living, minute specimens such as bacteria or unpigmented protists. A 

suspension of yeast cells makes a good practice specimen for finding difficult objects. 

 Use dark field mode (if available) to find unstained specimens. If not, start with high 

contrast (aperture diaphragm closed down). 

 Start with the specimen out of focus so that the stage and objective must be brought 

closer together. The first surface to come into focus as  bring stage and objective together 

is the top of the cover slip. With smears, a cover slip is frequently not used, so the first 

thing  see is the smear itself. 

 If  are having trouble, focus on the edge of the cover slip or an air bubble, or something 

that  can readily recognize. The top edge of the cover slip comes into focus first, then the 

bottom, which should be in the same plane as the specimen. 

 Once  have found the specimen, adjust contrast and intensity of illumination, and move 

the slide around until  have a good area for viewing. 

Adjust eyepiece separation, focus 

With a single ocular, there is nothing to do with the eyepiece except to keep it clean. With a 

binocular microscope (preferred)  need to adjust the eyepiece separation just like  do a pair of 

binoculars. Binocular vision is much more sensitive to light and detail than monocular vision, so 

if  have a binocular microscope, take advantage of it. 

One or both of the eyepieces may be a telescoping eyepiece, that is,  can focus it. Since very few 

people have eyes that are perfectly matched, most of us need to focus one eyepiece to match the 

other image. Look with the appropriate eye into the fixed eyepiece and focus with the 

microscope focus knob. Next, look into the adjustable eyepiece (with the other eye of course), 

and adjust the eyepiece, not the microscope. 

Select an objective lens for viewing 

The lowest power lens is usually 3.5 or 4x, and is used primarily for initially finding specimens. 

We sometimes call it the scanning lens for that reason. The most frequently used objective lens is 
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the 10x lens, which gives a final magnification of 100x with a 10x ocular lens. For very small 

protists and for details in prepared slides such as cell organelles or mitotic figures,  will need a 

higher magnification. Typical high magnification lenses are 40x and 97x or 100x. The latter two 

magnifications are used exclusively with oil in order to improve resolution. 

Move up in magnification by steps. Each time  go to a higher power objective, re-focus and re-

center the specimen. Higher magnification lenses must be physically closer to the specimen 

itself, which poses the risk of jamming the objective into the specimen. Be very cautious when 

focusing. By the way, good quality sets of lenses are parfocal, that is, when  switch 

magnifications the specimen remains in focus or close to focused. 

Bigger is not always better. All specimens have three dimensions, and unless a specimen is 

extremely thin  will be unable to focus with a high magnification objective. The higher the 

magnification, the harder it is to "chase" a moving specimen. 

Adjust illumination for the selected objective lens 

The apparent field of an eyepiece is constant regardless of magnification used. So it follows that 

when  raise magnification the area of illuminated specimen  see is smaller. Since  are looking at a 

smaller area, less light reaches the eye, and the image darkens. With a low power objective  may 

have to cut down on illumination intensity. With a high power  need all the light  can get, 

especially with less expensive microscopes. 

When to use bright field microscopy 

Bright field microscopy is best suited to viewing stained or naturally pigmented specimens such 

as stained prepared slides of tissue sections or living photosynthetic organisms. It is useless for 

living specimens of bacteria, and inferior for non-photosynthetic protists or metazoans, or 

unstained cell suspensions or tissue sections. Here is a not-so-complete list of specimens that 

might be observed using bright-field microscopy, and appropriate magnifications (preferred final 

magnifications are emphasized). 

 Prepared slides, stained - bacteria (1000x), thick tissue sections (100x, 400x), thin 

sections with condensed chromosomes or specially stained organelles (1000x), large 

protists or metazoans (100x). 

 Smears, stained - blood (400x, 1000x), negative stained bacteria (400x, 1000x). 

 Living preparations (wet mounts, unstained) - pond water (40x, 100x, 400x), living 

protists or metazoans (40x, 100x, 400x occasionally), algae and other microscopic plant 

material (40x, 100x, 400x). Smaller specimens will be difficult to observe without 

distortion, especially if they have no pigmentation. 

Care of the microscope 



141 
 

 EVERYTHING on a good quality microscope is unbelievably expensive, so be careful. 

 Hold a microscope firmly by the stand, only. Never grab it by the eyepiece holder, for 

example. 

 Hold the plug (not the cable) when unplugging the illuminator. 

 Since bulbs are expensive, and have a limited life, turn the illuminator off when  are 

done. 

 Always make sure the stage and lenses are clean before putting away the microscope. 

 NEVER use a paper towel, a kimwipe, the shirt, or any material other than good quality 

lens tissue or a cotton swab (must be 100% natural cotton) to clean an optical surface. Be 

gentle!  may use an appropriate lens cleaner or distilled water to help remove dried 

material. Organic solvents may separate or damage the lens elements or coatings. 

 Cover the instrument with a dust jacket when not in use. 

 Focus smoothly; don't try to speed through the focusing process or force anything. For 

example if  encounter increased resistance when focusing then 've probably reached a 

limit and  are going in the wrong direction. 

Protein Electrophoresis 

Electrophoresis is a technique used to separate different elements (fractions) of a blood sample in

to individualcomponents. Serum protein electrophoresis (SPEP) is a screening test that measures 

the major blood proteins byseparating them into five distinct fractions: albumin, alpha1, alpha2, b

eta, and gamma proteins. Protein electrophoresiscan also be performed on urine. 

Purpose 

Protein electrophoresis is used to evaluate, diagnose, and monitor a variety of diseases and condit

ions. It can be used forthese purposes because the levels of different blood proteins rise or fall in 

response to such disorders as cancer,intestinal or kidney protein-

wasting syndromes, disorders of the immune system, liver dysfunction, impaired nutrition, andch

ronic fluid-retaining conditions. 

Precautions 

Certain other diagnostic tests or prescription medications can affect the results of SPEP tests. Th

e administration of acontrast dye used in some other tests may falsely elevate protein levels. Dru

gs that can alter results include aspirin,bicarbonates, chlorpromazine (Thorazine), corticosteroi

ds, isoniazid (INH), and neomycin (Mycifradin). 

Description 

Proteins are major components of muscle, enzymes, hormones, hemoglobin, and other body tissu

es. Proteins arecomposed of elements that can be separated from one another by several different

https://medical-dictionary.thefreedictionary.com/cancer
https://medical-dictionary.thefreedictionary.com/aspirin
https://medical-dictionary.thefreedictionary.com/corticosteroids
https://medical-dictionary.thefreedictionary.com/corticosteroids
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 techniques: chemical methods,ultracentrifuge, or electrophoresis. There are two major types of e

lectrophoresis: protein electrophoresis andimmunoelectrophoresis. Immunoelectrophoresis is us

ed to assess the blood levels of specific types of proteins calledimmunoglobulins. An immunoele

ctrophoresis test is usually ordered if a SPEP test has a "spike," or rise, at theimmunoglobulin lev

el. Protein electrophoresis is used to determine the total amount of protein in the blood, and toest

ablish the levels of other types of proteins called albumin, alpha1 globulin, alpha2 globulin, and b

eta-globulin. 

Blood proteins 

ALBUMIN. Albumin is a protein that is made in the liver. It helps to retain elements like calciu

m, some hormones, andcertain drugs in the circulation by binding to them to prevent their being f

iltered out by the kidneys. Albumin also acts toregulate the movement of water between the tissu

es and the bloodstream by attracting water to areas with higherconcentrations of salts or proteins. 

GLOBULINS. Globulins are another type of protein, larger in size than albumin. They are divide

d into three main groups:alpha, beta, and gamma. 

 Alphaglobulins. These proteins include alpha1 and alpha2 globulins. Alpha1 globulin is predo

minantly alpha1antitrypsin, an enzyme produced by the lungs and liver. Alpha2 globulin, whic

h includes serum haptoglobin, is aprotein that binds hemoglobin to prevent its excretion by th

e kidneys. Various other alphaglobulins are produced as aresult of inflammation, tissue damag

e, autoimmune disorders, or certain cancers. 

 Betaglobulins. These include low-

density substances involved in fat transport (lipoproteins), iron transport (transferrin),and bloo

d clotting (plasminogen and complement). 

 Gammaglobulins. All of the gammaglobulins are antibodies—

proteins produced by the immune system in response toinfection, allergic reactions, and organ

 transplants. If serum protein electrophoresis has demonstrated a significant riseat the gamma

globulin level, immunoelectrophoresis is done to identify the specific globulin that is involve

d. 

Electrophoretic measurement of proteins 

All proteins have an electrical charge. The SPEP test is designed to make use of this characteristi

c. There is somedifference in method, but basically the sample is placed in or on a special mediu

m (e.g., a gel), and an electric current isapplied to the gel. The protein particles move through the

 gel according to the strength of their electrical charges, formingbands or zones. An instrument c

alled a densitometer measures these bands, which can be identified and associated withspecific di

seases. For example, a decrease in albumin with a rise in the alpha2 globulin usually indicates an 

acutereaction of the type that occurs in infections, burns, stress, or heart attack. On the other han

d, a slight decrease inalbumin, with a slight increase in gammaglobulin, and a normal alpha2 glob

ulin is more indicative of a chronicinflammatory condition, as might be seen in cirrhosis of the li

ver. 

Protein electrophoresis is performed on urine samples to classify kidney disorders that cause prot

ein loss. Here alsocertain band patterns are specific for disease. For example, the identification of

 a specific protein called the Bence Jonesprotein (by performing the Bence Jones protein 

test) during the procedure suggests multiple myeloma. 

Preparation 

https://medical-dictionary.thefreedictionary.com/immunoelectrophoresis
https://medical-dictionary.thefreedictionary.com/Gammaglobulin
https://medical-dictionary.thefreedictionary.com/Gammaglobulin
https://medical-dictionary.thefreedictionary.com/Burns
https://medical-dictionary.thefreedictionary.com/cirrhosis
https://medical-dictionary.thefreedictionary.com/Bence+Jones+protein+test
https://medical-dictionary.thefreedictionary.com/Bence+Jones+protein+test
https://medical-dictionary.thefreedictionary.com/multiple+myeloma
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The serum protein electrophoresis test requires a blood sample. It is not necessary for the patient 

to restrict food or fluidsbefore the test. The urine protein electrophoresis test requires either an ea

rly morning urine sample or a 24-

hour urinesample according to the physician's request. The doctor should check to see if the patie

nt is taking any medications thatmay affect test results. 

Risks 

Risks posed by the blood test are minimal but may include slight bleeding from the puncture site,

 fainting orlightheadedness after the blood is drawn, or the development of a small bruise at the 

puncture site. 

Normal results 

The following values are representative, although there is some variation among laboratories and

 specific methods.These values are based on the agarose system. 

 total protein: 5.9-8.0 g/dL 

 albumin: 4.0-5.5 g/dL 

 alpha1 globulin: 0.15-0.25 g/dL 

 alpha2 globulin: 0.43-0.75 g/dL 

 beta-globulin: 0.5-1.0 g/dL 

 gammaglobulin: 0.6-1.3 g/dL 

Abnormal results 

Albumin levels are increased in dehydration. They are decreased in malnutrition, pregnancy, li

ver disease,inflammatory diseases, and such protein-losing syndromes as malabsorption 

syndrome and certain kidney disorders. 

Alpha1 globulins are increased in inflammatory diseases. They are decreased or absent in juvenil

e pulmonaryemphysema, which is a genetic disease. 

Alpha2 globulins are increased in a kidney disorder called nephrotic syndrome. They are decreas

ed in patients with anoveractive thyroid gland (hyperthyroidism) or severe liver dysfunction. 

Betaglobulin levels are increased in conditions of high cholesterol levels (hypercholesterolemia

) and iron deficiencyanemia. They are decreased in malnutrition. 

Gammaglobulin levels are increased in chronic inflammatory disease (for example, rheumatoid a

rthritis, systemic lupuserythematosus); cirrhosis; acute and chronic infection; and a cancerous dis

ease characterized by uncontrolledmultiplication of plasma cells in the bone marrow (multiple m

yeloma). Gammaglobulins are decreased in a variety ofgenetic immune disorders, and in seconda

ry immune deficiency related to steroid use, leukemia, or severe infection. 

Estimation of Creatinine  

Creatinine is a non-protein nitrogen waste product formed in muscle.  It is excreted in the urine; 

the amount excreted daily is a function of muscle mass and is not affected by diet, age, sex, or 

exercise. Creatinine filters easily into the glomerular filtrate and is not reabsorbed by the tubule.  

Therefore, any condition that reduces the glomerular filtration rate will result in a lessened 

excretion from the body, with a consequent rise in the concentration of creatinine in the blood.  

The serum creatinine is a better indicator of renal function than either that of blood urea  or uric 

https://medical-dictionary.thefreedictionary.com/fainting
https://medical-dictionary.thefreedictionary.com/dehydration
https://medical-dictionary.thefreedictionary.com/malnutrition
https://medical-dictionary.thefreedictionary.com/malabsorption+syndrome
https://medical-dictionary.thefreedictionary.com/malabsorption+syndrome
https://medical-dictionary.thefreedictionary.com/emphysema
https://medical-dictionary.thefreedictionary.com/hyperthyroidism
https://medical-dictionary.thefreedictionary.com/hypercholesterolemia
https://medical-dictionary.thefreedictionary.com/hypercholesterolemia
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acid because it is not affected by diet, exercise, or hormones.Creatinine is a waste product 

formed in muscle by creatine metabolism.  

Creatinine is derived from creatine and creatine phosphate in muscle tissue and may be defined 

as a nitrogenous waste product. Creatinine is not reutilized but is excreted from the body in the 

urine via the kidney. It is produced and excreted at a constant rate which is proportional to the 

body muscle mass. As a consequence of the way in which creatinine is excreted by the kidney, 

creatinine measurement is used almost exclusively in the assessment of kidney function. 

Creatinine is regarded as the most useful endogenous marker in the diagnosis and treatment of 

kidney disease. 

Creatinine is measured primarily to assess kidney function and has certain advantages over the 

measurement of urea. The plasma level of creatinine is relatively independent of protein 

ingestion, water intake, rate of urine production and exercise. Since its rate of production is 

constant, elevation of plasma creatinine is indicative of under-excretion, suggesting kidney 

impairment. Depressed levels of plasma creatinine are rare and not clinically significant. 

Creatine is synthesized in the liver which then passes into circulation where it is taken up by 

skeletal muscle for conversion to creatine phosphate which serves as storage form of energy in 

skeletal muscles. Creatine and creatine phosphate are spontaneously converted to creatinine at a 

rate of about 2% the total per day. This is related to muscle mass and body weight. Creatinine 

formed is excreted in the urine. On a normal diet almost all creatinine in urine is endogenous. Its 

excretion is fairly constant from day to day and has been used to check the accuracy of 24 hours 

urine collection. It is independent of urine flow rate and its level in plasma is quite constant. 

Principles of Spectrophotometry 

A spectrophotometer consists of two instruments, namely a spectrometer for producing light of 

any selected color (wavelength), and a photometer for measuring the intensity of light. The 

instruments are arranged so that liquid in a cuvette can be placed between the spectrometer beam 

and the photometer. The amount of light passing through the tube is measured by the 

photometer. The photometer delivers a voltage signal to a display device, normally a 

galvanometer. The signal changes as the amount of light absorbed by the liquid changes. 

If development of color is linked to the concentration of a substance in solution then that 

concentration can be measured by determining the extent of absorption of light at the appropriate 

wavelength. For example hemoglobin appears red because the hemoglobin absorbs blue and 

green light rays much more effectively than red. The degree of absorbance of blue or green light 

is proportional to the concentration of hemoglobin. 

When monochromatic light (light of a specific wavelength) passes through a solution there is 

usually a quantitative relationship (Beer's law) between the solute concentration and the intensity 

of the transmitted light, that is, 
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where I sub 0 is the intensity of transmitted light using the pure solvent, I is the intensity of the 

transmitted light when the colored compound is added, c is concentration of the colored 

compound, l is the distance the light passes through the solution, and k is a constant. If the light 

path l is a constant, as is the case with a spectrophotometer, Beer's law may be written, 

 

where k is a new constant and T is the transmittance of the solution. There is a logarithmic 

relationship between transmittance and the concentration of the colored compound. Thus, 

 

The O.D. is directly proportional to the concentration of the colored compound. Most 

spectrophotometers have a scale that reads both in O.D. (absorbance) units, which is a 

logarithmic scale, and in % transmittance, which is an arithmetic scale. As suggested by the 

above relationships, the absorbance scale is the most useful for colorimetric assays. 

Using a  spectrophotometer 

The Spectronic 20 spectrometer is widely used in teaching laboratories. The specific instructions 

will differ with other models, but the principles remain. 

1. The instrument must have been warm for at least 15 min. prior to use. The power switch 

doubles as the zeroing control. 

2. Use the wavelength knob to set the desired wavelength. Extreme wavelengths, in the 

ultraviolet or infrared ranges, require special filters, light sources, and/or sample holders 

(cuvettes). 

3. With the sample cover closed, use the zero control to adjust the meter needle to "0" on 

the % transmittance scale (with no sample in the instrument the light path is blocked, so 

the photometer reads no light at all). 

4. Wipe the tube containing the reference solution with a lab wipe and place it into the 

sample holder. Close the cover and use the light control knob to set the meter needle to 

"0" on the absorbance scale. 

5. Remove the reference tube, wipe off the first sample or standard tube, insert it and close 

the cover. Read and record the absorbance, not the transmittance. 

6. Remove the sample tube, readjust the zero, and recalibrate if necessary before checking 

the next sample. 
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Components of a spectrophotometer 

 

Principle of Atomic Absorption /Emission Spectroscopy 

  

Atomic Emission Spectrophotometry   

When a small amount of a solution of a metal ion is placed in the flame of a Bunsen burner, 

the flame turns a color that is characteristic of the metal ion. A sodium solution gives a 

yellow color, a potassium solution results in a violet color, a copper solution gives a green 

color, etc.  Such an experiment, called the flame test, has been used in conjunction with 

other tests in many qualitative analysis schemes for metal ions. Whatever color our eye 

perceives indicates what metal ion is present. When more than one metal ion is present, 

viewing the flame through a colored glass filter can help mask any interference. Figure 1 

shows this experiment. 

The phenomenon just described is an "atomic emission" phenomenon. This statement may 

seem inappropriate, since it is a solution of metal ions (and not atoms) that is tested. The 

reason for calling it atomic emission lies in the process occurring in the flame. One of the 

steps of the process is an atomization step. That is, the flame converts the metal ions into 

atoms. When a solution of sodium chloride is placed in a flame, for example, the solvent 

evaporates, leaving behind solid crystalline sodium chloride. This evaporation is then 

followed by the dissociation of the sodium chloride crystals into individual ground state 

atoms -a process that is termed atomization. Thus sodium atoms are actually present in the 

flame at this point rather than sodium ions, and the process of light emission actually 

http://faculty.sdmiramar.edu/fgarces/LabMatters/Instruments/AA/AAS_Theory/AtomicLineOrigins.htm
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involves 

these 

atoms 

rather 

than the 

ions . 

 

  

 The flame test: observation of the flame color (a) without colored glass and (b) through 

prism 

  

 

The sequence of events occurring in the flame test. 

 

 

 

 

As with fluorescence, the atomic emission is a result of electrons dropping from an excited 

state to lower states. The difference is that (1) atoms are involved here, rather than 

molecules, and (2) light is not absorbed prior to this atomic emission. Following 

atomization, a small percentage of the atoms absorb sufficient energy from the flame (as 

opposed to a light beam) so as to be promoted to an excited state. As with molecules in 

fluorescence, these atoms quickly return to a lower state, and light corresponding to the 

energy that is lost in the process is generated. It is this light that our eye perceives. 

The discussion of the facts regarding atomic energy levels and molecular energy levels 

presented in the previous three chapters is applicable here. Since there are no vibrational 

levels in atoms, the energy of emission is a discrete amount of energy corresponding to the 

difference between two electronic levels. Also, since there are usually a number of 

electronic levels to which an electron in an atom can be promoted, there are a number of 

possible discrete energy jumps back to the lower energy states. These represent a number of 

distinct wavelengths of light to be emitted. What is actually emitted by the atoms in a flame 

is then a line emission spectrum.. When atoms fall back to lower energy states following the 

absorption of energy from a flame, a line spectrum is emitted which our eye perceives as a 

particular color of light. Each kind of atom is different in terms of the separation between 

energy levels and the line emission spectra are therefore different. Because of this, different 
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elements 

are found 

to emit the 

different 

colors 

noted 

earlier. 

 

 

The atomic emission phenomenon: (a) 

Allowed energy jumps back to lower 

levels. (b)  

A line spectrum representing the 

wavelengths of the emitted light 

corresponds to the jumps in (a). 
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FLAME PHOTOMETRY 

The transition from the simple flame test to an instrumental technique is easily described. In 

the instrumental technique of flame photometry (FP), a monochromator replaces the colored 

glass filter, and a photocell detector/readout replaces our eye. Also, the burner design is 

more sophisticated in that the sample is continuously fed into the flame by aspiration.  

 
 A schematic diagram of a flame photometer.  

Since each element emits its own characteristic line spectrum, qualitative analysis can be 

performed here by observing what wavelengths are emitted and comparing these with 

various standards. However, since the detector is capable of measuring light intensity, 

quantitative analysis, as well as qualitative analysis, is possible. The intensity of the emitted 

light increases with concentration, and the relationship is usually linear:  

I = K c 

Thus, unknown concentrations can be determined by comparison with one or a series of 

standards in the same manner as described for the molecular techniques in UV-Vis 

Absorption spectroscopy. 
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A plot of intensity (I) vs 

concentration (C) 

representing quantitative 

analysis. 

In short, flame photometry (FP) is an atomic technique which measures the wavelength and 

intensity of light emitted by atoms in a flame resulting from the drop from the excited state 

(formed due to absorption of energy from the flame) to lower states. No light source is 

required since the energy imparted to the atoms comes from the flame. Thus, FP is different 

from atomic absorption spectroscopy (AA), which is described in the next section. 
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ATOMIC ABSORPTION SPECTROPHOTOMETRY 

As implied previously, only a very small number of the atoms in the flame are actually 

present in an excited state at any given instant. Thus there is a large percentage of atoms that 

are in the ground state and available to be excited by some other means, such as a beam of 

light from a light source. AA takes advantage of this fact and uses a light beam to excite 

these ground state atoms in the flame. Thus AA is very much like molecular absorption 

spectrophotometry in that light absorption (by these ground state atoms) is measured and 

related to concentration. The major differences lie in instrument design, especially with 

respect to the light source, the "sample container," and the placement of the monochromator. 

The basic AA instrument is shown in Figure 8. (A detailed discussion of the components 

will follow in the next section.) Below is a brief discussion of the essentials of each. 

 

The light source, called a hollow cathode tube, is a lamp that emits exactly the wavelength 

required for the analysis (without the use of a monochromator). The light is directed at the 

flame containing the sample, which is aspirated by the same method as in FP. The flame is 

typically wide (4-6 inches), giving a reasonably long pathlength for detecting small 

concentrations of atoms in the flame. The light beam then enters the monochromator, which 

is tuned to a wavelength that is absorbed by the sample. The detector measures the light 

intensity, which after adjusting for the blank, is output to the readout, much like in a single 

beam molecular instrument. Also as with the molecular case, the absorption behavior 
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follows Beer's Law and concentrations of unknowns are determined in the same way. All 

atomic species have an absorptivity, a, and the width of the flame is the pathlength, b. Thus, 

absorbances (A) of standards and samples are measured and concentrations determined as 

with previously presented procedures, with the use of Beer's Law (A = a b c ). 
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A question arises here as to how the detector can measure only the intensity of light that does not 

get absorbed (which is what a detector must do in any absorption experiment) and not measure 

the light emitted by the same atoms in the flame, since both sources of light are present and are of 

the same wavelength. The answer has to do with the light chopper in Figure 8. The light is 

"chopped" with a rotating half-mirror so that the detector sees alternating light intensities. At one 

moment, only the light emitted by the flame is read since the light from the source is cut off, 

while at the next moment, the light from both the flame emission and the transmission of the 

source's light is measured since the source's light is allowed to pass. The electronics of the 

detector is such that the emission signal is subtracted from the total signal and this difference 

then, which is T, is what is measured. Absorbance, A, however, is usually what is displayed on 

the readout. 

 

Double beam instruments are also in use in AA. In this case, however, the second beam does not 

pass through a second sample container (it's difficult to obtain two closely matched flames). The 

second beam simply bypasses the flame and is relayed to the detector directly. See Figure 9. This 

design eliminates variations due to fluctuations in source intensity (the major objective), but does 

not eliminate effects due to the flame (cuvette) or other components in the sample (blank 

components). These must still be adjusted for by reading the blank at a separate time. 
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INSTRUMENT COMPONENTS  

Hollow Cathode Lamp 

As indicated in the previous section, the light source in the AA instrument is called a hollow 

cathode lamp. As stated before, the light from this lamp is exactly the light required for the 

analysis, even though no monochromator is used. The reason for this is that atoms of the metal to 

be tested are present within the lamp, and when the lamp is on, these atoms are supplied with 

energy, which causes them to elevate to the excited states. Upon returning to the ground state, 

exactly the same wavelengths that are useful in the analysis are emitted, since it is the analyzed 

metal with exactly the same energy levels that undergoes excitation. Figure 10 is an illustration of 

this point. The hollow cathode lamp therefore must contain the element being determined. A 

typical atomic absorption laboratory has a number of different lamps in stock which can be 

interchanged in the instrument, depending on what metal is being determined. Some lamps are 

"multielement," which means that several different specified kinds of atoms are present in the 

lamp and are excited when the lamp is on.  The light emitted by such a lamp consists of the line 

spectra of all the kinds of atoms present. No interference will usually occur as long as the 

sufficiently intense line for a given metal can be found which can be cleanly separated from all 

other lines with the monochromator. 

 

The exact mechanism of the excitation process in the hollow cathode lamp is of interest. 

Figure 11 is a close-up view of a typical lamp and of the mechanism. The lamp itself is a sealed 

glass envelope filled with argon or neon) gas. When the lamp is on, argon atoms are ionized, as 

shown, with the electrons drawn to the anode (+ charged electrode), while the argon ions, Ar+, 

"bombard" the surface of the cathode (- charged electrode). The metal atoms, M, in the cathode 

are elevated to the excited state and are ejected from the surface as a result of this bombardment. 
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When the atoms return to the ground state, the characteristic line spectrum of that atom is emitted. 

It is this light, which is directed at the flame, where unexcited atoms of the same element absorb 

the radiation and are themselves raised to the excited state. As indicated previously, the 

absorbance is measured and related to concentration. 
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Flames 

All flames require both a fuel and an oxidant in order to exist. Bunsen burners and Meker 

burners utilize natural gas for the fuel and air for the oxidant. The temperature of such a 

flame is 1800 K maximum.  In order to atomize and excite most metal ions and achieve 

significant sensitivity for quantitative analysis, however, a hotter flame is desirable.  Most 

AA and FP flames today are air-acetylene flames-acetylene the fuel; air the oxidant. A 

maximum temperature of 2300 K is achieved in such a flame. Ideally, pure oxygen with 

acetylene would produce the highest temperature (3100 K), but such a flame suffers from 

the disadvantage of a high burning velocity, which decreases the completeness of the 

atomization and therefore lowers the sensitivity. Nitrous oxide (N20) used as the oxidant, 

however, produces a higher flame temperature (2900 K) while burning at a low rate. Thus, 

N2O-acetylene flames are fairly popular. The choice is made based on which flame 

temperature/burning velocity combination works best with a given element. Since all 

elements have been studied extensively, the recommendations for any given element are 

available from literature sources or reference books (see pages 451-453) or in applications 

literature from instrument manufacturers. Air-acetylene flames are the most commonly 

used. 

Burners 

There are two designs of burners for the flame atomizer that are in common use. These are 

the so-called "total consumption burner" and the “premix burner."  In the total consumption 

burner, the fuel, oxidant, and sample all meet at the base of the flame. The fuel (usually 

acetylene) and oxidant (usually air) are forced, under pressure, into the flame, whereas the 

sample is drawn into the flame by aspiration. The rush of the fuel and oxidant through the 

burner head creates a vacuum in the sample line and draws the sample from the sample 

container into the flame with a "nebulizing" or mixing effect. This type of burner head is 

used in flame photometry and is not useful for atomic absorption. The reason for this is that 

the resulting flame is turbulent and non-homogenous-a property that negates its usefulness 

in AA, since the flame must be homogeneous, for the same reason that different sample 

cuvettes in molecular spectrophotometry must be closely matched. One would not want the 

absorption properties to change from one moment to the next because of the lack of 

homogeneity in the flame. 
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The cross-

sectional view of 

a total 

consumption 

burner 

(nebulizer).  The 

fuel, oxidant 

and sample all 

meet at the base 

of the flame.   
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The premix burner does away with this difficulty and is the burner typically used in AA. 

The sample is nebulized and mixed with the fuel and oxidant prior to introduction into the 

flame, with the use of a series of baffles. Figure 13 is a diagram of this design. Here also the 

sample is drawn from the sample container via the vacuum created by the rushing fuel and 

oxidant (aspiration). A drain line is required in this design in order to remove sample 

solution droplets that do not make it all the way to the flame. See the section entitled 

"Important Experimental Considerations" for a discussion of a potential safety hazard 

associated with this. 

 

  

The cross-sectional view 

the premix burner 

(nebulizer).  The fuel, 

oxidant and sample all 

meet at the base of the 

flame ad is premixed prior 

to entering the flame.  

Most instruments are equipped to accept a variety of fuels and oxidants. As the gas 

combinations are varied (see previous discussion), it is usually necessary to change the 

burner head to one suitable for the particular combination chosen. A faster burning mixture 

would require a burner head with a smaller slot so as to discourage burning (explosion!) 

inside the head of a premix burner. 

Readout Components 

As with molecular spectrophotometry, the readout of the absorbance and transmittance data 

can consist of either a meter, a recorder or digital readout.  The meter can be calibrated in 

either % transmittance (or % absorption 100 %T) or absorbance, or possibly both. If %T or 

% absorption are displayed, these of course must first be converted to absorbance (-log T) 

before plotting.If a recorder is used, it is not the atomic spectrum that is recorded but rather 

the wavelength is fixed, and the absorbance (or %T or % absorption) is recorded vs. time as 

the various solutions are aspirated. Such a recording for a series of standards would have the 

appearance shown in Figure 14. The advantage of such a readout would be to make it easier 

to obtain a good average value for each solution when electrical (background) "noise" is a 
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problem, as indicated by serious fluctuations in the readings. This problem is very common 

in AA, especially when the sample concentration is low and the sensitivity is set at a high 

level. 

 
 Strip chart recording of the absorption values of a series of standard solution as 

measured by an AA instrument. 
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IMPORTANT EXPERIMENTAL CONSIDERATIONS 

Safety 

There are a number of important safety considerations regarding the use of AA equipment. 

First of all, the fuel that is used most often is acetylene. The flammability of acetylene itself 

poses a safety problem, as does the presence of combustion products in the laboratory. For 

this reason, an independently vented fume hood is placed above the burner to remove 

burned and unburned fuel from the area. This hood should be on at all times while the 

instrument is in use. (See Figure 15.) 

Also, the danger of so-called flashbacks is ever-present, especially with older instruments. 

Flashbacks are minor explosions due to improperly mixed fuel and air. These can occur for 

a variety of reasons, and therefore precautions are taken to prevent their effects as well as 

their causes. Thus, burner heads and other parts are securely fastened down with safety 

cables or shields. Some specific causes of flashbacks are: (1) air drawn back through the 

drain hole in the mixing chamber of the premix burner; (2) shutting off all air to the burner 

before the fuel has been shut off; and (3) improper proportioning of air and fuel while 

adjusting the fuel or air flow rates. The solution to these latter two points is proper operator 

or proper supervisor instruction. Air drawn back through the nebulizer drain hole is avoided 

by connecting a 6-foot long tube to the drain hole and forming the tube into a loop, which is 

then filled with water. The other end is then placed into a container of water. (See Figure 

15.) Because of the danger of flashbacks, safety glasses must be worn at all times while 

operating the instrument. 
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Interferences 

Interferences can be either chemical or instrumental. An instrumental interference is one in 

which the spectral line of the elements being determined overlaps with a spectral line (or band) 

from another element present in the sample. In such a case, the effect of the interfering element 

will also be measured and thus the results will be incorrect. The most common method of 

solving this problem is to tune the monochromator to a different spectral line for the element of 

interest so that there is no overlap. So-called secondary lines can be found in the literature. 

Chemical interferences usually result from incomplete atomization caused by an unusually 

strong ionic bond. An example is in the analysis of a sample for calcium. Calcium chloride 

completely atomizes, but calcium sulfate does not. Thus if both of these calcium salts are 

present in a sample, incomplete atomization would lead to useless absorption measurements. 

Possible solutions would be to (1) exactly match the sample and the standards in terms of 

chloride and sulfate content; (2) use the method of standard additions (see the next section); or 

(3) add a substance to the sample which would free calcium from the sulfate matrix. Solutions 

(1) and (2) are not useful if the effect is a concentration 

effect i.e., if the problem increases with increasing calcium concentration.  The Beer's Law plot 

would not be linear in that case.  In addition, the sensitivity is lessened due to the fact that that 

not all the calcium present is being measured. Alternative (3), however, is useful, and entirely 

possible. The perfect example of this added substance is the element lanthanum. It may seem an 

unusual application of this inner-transition metal, but lanthanum sulfates are more stable than 

calcium sulfates, and thus with lanthanum ions present in the solution, the sulfate binds with the 

lanthanum and calcium ions are free to atomize. Lanthanum is used in a significant number of 

determinations for this very reason. 

Method of Standard Additions 

Due to the effects of other constituents in a sample, such as we have just noted in the previous 

section and in previous chapters, it is always desirable to match the blank and standards to the 

sample as much as possible. With AA, the sample preparation is frequently so simple that 

samples to be tested are aspirated directly into the flame and measured. One can imagine, for 

example, an environmental water sample (from a well, creek, pond, etc.) being brought into the 

lab and aspirated directly into the flame. In a case such as this, one may have no quantitative 

idea as to what the total, or even partial matrix composition might be, and thus blank and 

standards compositions which do not match the sample matrix are prepared, and the analysis 

results cannot be considered reliable. 

The solution to this problem is to use the method of standard additions. In this method, small 

amounts of a standard solution of the element being determined are added to the sample and the 
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absorbance measured after each addition. In this way, the sample matrix is always present, and 

interfering sample components affect the observance equally with each measurement. Therefore 

there is no effect on the outcome and the total sample composition need not be known. 
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The plotting procedure and the use of the graph for obtaining the sample concentration is altered 

somewhat, however, The Beer's Law plot is a graph of A vs. concentration added.  Since the 

element being determined is present in the sample from the start, a bona fide absorbance reading 

is measured for the sample to which nothing has been added. As more and more analyte is 

added, the absorbance reading simply increases (linearly) so that a graph, which does not 

intersect zero (at zero added concentration) is plotted. (See Figure 16.) Extrapolation of the 

graph to zero absorbance, as shown, results in a length of x-axis, on the negative side of zero 

added, which represents the concentration in the unknown. 

 

Figure16.  

Sample data and graph for a “standard addition” experiment in AA. 

This method can be used in cases in which there is some sample preparation as well; for 

example, in cases in which lanthanum needs to be added. Once the pretreatment establishes the 

sample matrix, the standard additions can be performed and data obtained and graphed. 

Since some sample is consumed by the instrument during each aspiration, and since there can be 

a significant dilution effect when making the additions, the standard addition method could 

result in an error due to concentration changes that result. One way to partially compensate is to 

prepare a series of standard solutions using the sample matrix as the diluent. With either 

method, volumes of the highly concentrated solution of the analyte (e.g. 1000 ppm) can be quite 

small (on the order of microliters) so that the dilution effect is negligible. A correction factor for 

the dilution can also be calculated. 

A wide variety of sample matrices are acceptable to AA equipment. These include high 

concentration of acids as well as organic solvents. The method of standard additions aids in the 

nullification of any problems associated with such matrices, such as high viscosity or the highly 
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efficient burning of organic compounds. If the method of standard additions is not used, the 

importance of matching the sample to the standards in terms of organic solvents is paramount. 

Maintenance 

Finally, periodic cleaning of the burner head and nebulizer is needed to ensure minimal noise 

level due to impurities in the flame. Scraping the slot in the burner head with a sharp knife to 

remove carbon deposits and/or removing the burner head for the purpose of cleaning in an 

ultrasonic bath are two commonplace maintenance chores. 

The nebulizer should be disassembled and inspected and cleaned periodically to remove 

impurities that may be collecting there. 

  



166 
 

VARIATIONS OF BASIC AA AND FP 

The Graphite Furnace Atomizer 

A non-flame type of atomizer has been found acceptable for AA units and indeed offers 

some advantages. This is a small high-temperature furnace known as a graphite furnace. 

There are several different designs, but basically this furnace is a small cylindrically shaped 

furnace with a sample injection port at the top. The light to be absorbed enters one end of 

the cylinder and emerges through the other end. The sample solution (from 1-100 uL) is 

syringe-injected into the furnace through the injection port. The high temperature of the 

furnace (about 2500oC) is reached in stages, ultimately resulting in atomization as in the 

flame. The atomized metal species then absorbs the light, and the absorption is measured. 

One obvious difference between the furnace and the flame is that, contrary to the flame, the 

sample is not continuously fed into the furnace and the sample distribution is neither 

homogeneous nor reproducible. Thus, a furnace offers greater sensitivity (because more 

atoms can be placed in the path of the light) and requires less sample, but sometimes suffers 

from lack of accuracy and precision. Thus, the graphite furnace should be used only when 

the sample size is small and/or when the greater sensitivity is needed. 

Inductively Coupled Plasma (ICP) 

One atomic emission method that has received a great deal of attention recently is the 

Inductively Coupled Plasma method, better known as the ICP. As the name implies, an 

inductively coupled plasma is the source of the emission. This source consists of an 

induction coil and a plasma. 

An induction coil is a coil of wire that has an alternating (oscillating) current flowing 

through it. Quite simply, this current induces a magnetic field around and especially inside 

the coil, which can be quite strong under the right conditions, coupling a great deal of 

energy to charged particles inside the coil. 

In the ICP source, this coil is wrapped around a quartz tube through which flows a 

"plasma."  A plasma is a collection of charged particles capable, by virtue of their charge, of 

interacting with a magnetic field. 

Specifically, in this case, the plasma consists of a stream of argon gas that has been partially 

ionized by a "Tesla" coil prior to entering the tube. The interaction of the induced magnetic 

field with the argon plasma produces more argon ionizations and an extremely hot flame-

like emission that is the ICP. With respect to the measurement of sample solutions, the 

procedure is an aspiration procedure, similar to FP and flame AA, in which the solution is 

aspirated into the flowing argon prior to entering the quartz tube. The net result is an 

extremely high temperature (9,000-10,000 K) "flame" that is capable of producing very 
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intense emissions from atomized and excited atoms from the sample solution. 

Being an emission technique, it is very useful for qualitative analysis, especially given the 

greater intensity of emission lines compared to FP. However, its major advantages lie in 

quantitative analysis. The linear range for I vs. c plots is much greater and thus sample 

solutions can be analyzed accurately over broader concentration ranges. In addition, given 

the increase in the emission intensity at the higher temperature, the sensitivity is much 

greater. Finally, simultaneous "multielement" analysis of one sample is possible. A 

disadvantage, perhaps, is the high cost of the equipment compared to AA and FP. 

Atomic Fluorescence 

When atoms that have been elevated to higher energy levels return to the ground state, the 

pathway could take them to some intermediate electronic states prior to the final drop. Such 

a series of drops back to the ground state, if accompanied by light emission, is a form of 

fluorescence. We can it atomic fluorescence. As with molecular fluorescence, the intensity 

of this emitted light is measured at right angles to the incident light and related to 

concentration. 

Are or Spark Emission Spectrography 

The final atomic technique we will mention is spark or arc emission spectrography. In this 

technique, a high voltage is used to excite a solid sample held in an electrode in such a way 

that when a spark jumps from this electrode to another electrode in the arrangement, 

atomization, excitation, and emission occur, and the emitted light again is measured. The 

usual configuration is such that the emitted light is dispersed and then detected with the use 

of photographic film. The "picture" that results is that of a combined line spectrum of all the 

elements in the sample. Identification (qualitative analysis) is then possible by comparing 

the locations of the lines on the film to the locations of lines on a standard film. Figure 17 

shows the instrumental arrangement. 
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APPLICATIONS SUMMARY 

A discussion of specific applications of the variety of atomic techniques presented in this 

paper and the application of the various atomic techniques is briefly summarized here. 

The most important and obvious point to be made is that these techniques are 

indeed atomic. This means that they cannot be applied to analytes that are molecular in 

nature. Atomic techniques are limited to ions of metals-those species, which can be 

atomized. Ions of nonmetals can be analyzed too, but only by an indirect method. An 

example would be the determination of chloride by measuring the silver ion before and after 

precipitation of the chloride. Silver can be measured directly; chloride cannot. 

Flame AA 

This technique has been the most popular of all atomic techniques over the last 20 years, 

and continues to be so, given the expense of the improved techniques, such as ICP. The 

instrumentation technology has been in place for a long time and advantages, disadvantages, 

and sensitivities for particular metals are well known. 

Graphite Furnace AA 

This technique should be used only when the sample size is small and/ or when a greater 

sensitivity is needed. It should not be used when ordinary flame AA would do as well, since 

there are disadvantages relating to sample size and precision. 

Flame Photometry 

There is no real clear-cut advantage or disadvantage of this technique. In terms of 

sensitivity, some metals are better analyzed by FP than by AA. However, there is an equal 

number that are better analyzed by AA. Also, there are a number of metals that are analyzed 

with about equal sensitivity. 

ICP 

As previously stated, this technique offers many advantages over the others. Increases in 

sensitivity and linear range are the most important. The instruments, however, are more 

costly. 

Atomic Fluorescence 

This technique does offer some advantages, especially in terms of sensitivity, in a few cases 

but has not "caught on," since the other instruments are so available and popular. 



169 
 

Spark or Are Emission 

This technique requires a solid sample and is very useful for qualitative analysis. 

Quantitative analysis procedures, however, have been documented, but are less popular than 

the others, given the need for a solid sample and difficulties in preparing homogeneous solid 

standards. Also, reproducing excitation conditions for a series of standards and the samples 

is difficult. 

  

Colourimetry 

Colorimetry, measurement of the wavelength and the intensity of electromagnetic radiation in 

the visible region of the spectrum. It is used extensively for identification and determination of 

concentrations of substances that absorb light. Two fundamental laws are applied: that of a 

French scientist, Pierre Bouguer, which is also known as Lambert’s law, relates the amount of 

light absorbed and the distance it travels through an absorbing medium; and Beer’s law relates 

light absorption and the concentration of the absorbing substance. The two laws may be 

combined and expressed by the equation log I0/I = kcd, where I0 = intensity of the incident beam 

of light, I = transmitted intensity, c = the concentration of absorbing substance, d = the distance 

through the absorbing solution, and k = a constant, dependent upon the absorbing substance, the 

wavelength of light used, and the units used to specify c and d. 

A simple application of this expression is found in comparing intensities of radiation transmitted 

through layers of different thicknesses of two solutions of the same absorbing substance, one 

with a known concentration, the other unknown. If the same incident intensity is used and if the 

thicknesses of the two solutions are adjusted so that the transmitted intensities are equal, then the 

concentration of the unknown (c2) can be expressed by the ratio of the thicknesses of the two 

solutions, d1/d2, times the known concentration (c1). If a photoelectric cell instead of the eye is 

used to compare intensities, the instrument is called a photoelectric colorimeter. 

In colorimetry, frequently the entire visible spectrum (white light) is used, and consequently the 

complementary colour of the one absorbed is observed as transmitted light. If monochromatic 

https://www.britannica.com/science/electromagnetic-radiation
https://www.britannica.com/science/light
https://www.britannica.com/biography/Pierre-Bouguer
https://www.britannica.com/science/Lamberts-law
https://www.britannica.com/science/Beers-law
https://www.britannica.com/technology/photoelectric-cell
https://www.britannica.com/science/color
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light or a narrow band of radiation is used, the instrument is called a spectrophotometer. It is not 

limited to the visible spectrum and is often employed to make measurements in the ultraviolet 

and infrared regions. The spectrophotometer has largely replaced the colorimeter. 

Most of the chemical elements and a large number of compounds may be determined 

colorimetrically or spectrophotometrically, frequently at concentrations smaller than one part of 

the constituent in several hundred million parts of solution. 

 

 

 

 

 

 

 

 

Creatinine Clearance Test 

https://www.britannica.com/science/spectrophotometer
https://www.merriam-webster.com/dictionary/compounds
https://www.merriam-webster.com/dictionary/constituent
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A very simple, sensitive chemical method of assessing renal function is the creatinine clearance 

test.  This clearance test is an assessment of the glomerular filtration rate, which is an estimate of 

the amount of plasma that must have flowed through the kidney glomeruli per minute to account 

for the amount of creatinine appearing in the urine.  The test requires complete collection of 

urine formed during a specified period of time.  A serum sample must be obtained from the 

patient during the urine collection time period.  Both the serum and urine creatinine levels are 

determined in mg/dL.  The creatinine clearance is calculated as: 

urine creat. in mg/dl

serum creat. in mg/dl
x

urine vol. in ml

# of min. collected
x

1.73 (an average persons surface area)

pts surface area in sq. meters
 

Creatinine clearance is usually performed with 24 hour urine collections, although 12 hour and 4 

hour clearances are occasionally ordered. 

Methods of Determination 

Creatinine measurement serves as a test for normal glomerular filtration. Elevated levels are 

associated with acute and chronic renal insufficiency and urinary tract obstruction. Levels below 

0.6 mg/dL are of no significance. 

Jaffe Reaction; The most popular method for creatinine determinations is based on the reaction 

originally described by Jaffe. This method, which uses the Jaffe reaction, is based on the work of 

Popper, Seeling, and Wuest. In an alkaline medium, creatinine forms a yellow-orange-colored 

complex with picric acid. The rate of color formation is proportional to the concentration of 

creatinine present and may be measured photometrically.  

Creatinine reacts with picric acid under alkaline conditions to form a characteristic yellow-

orange complex.  Unfortunately, the Jaffe reaction is not specific and a number of substances 

including proteins in body fluids will interfere.  The color derived from creatinine as well as the 

non-specific substances, is measured.  Upon addition of acid, the color contributed by creatinine 

is destroyed, while that produced by non-specific substances remains.  The difference in color 

intensity measured at or near 500 nm before and after acidification is proportional to the 

creatinine concentration. 

 Reagents: 

1) Picric acid – 0.04M (9.16g/L) 

2) Sodium hydroxide – 0.75N 

3) Sodium tungstate – 10% 

4) 2/3 N H2 SO4 
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5) Creatinine standard stock – 100mg% 

6) Working standard – 3mg% 

7) Deproteinization 

Procedure: In a centrigure tube, take 2ml of serum with 2 ml of distilled water. Precipitate 

proteins by adding 2ml sodium tungstate and 2ml of 2/3 N sulphuric acid drop with constant 

shaking. Stand for 10 minutes and filter. 

 

Advantages 

•The Jaffé method is the most cost efficient test for  measuring Creatinine 

• Despite performance problems in different patient  sample types Jaffé is the most common 

method used in  laboratories 

•To keep costs to a minimum many laboratories use  the Jaffé method as a first line test followed 

by a  subsequent enzymatic creatinine test. 

• Liquid stable reagents 

Disadvantages 

• Suffers greatly from interferences, Bilirubin being the  major concern 

• Not suitable for neonatal samples 

• Imprecision and inaccuracy at low creatinine  concentrations can lead to unreliable eGFR 

results 

 

EnzymaticUVmethod. 

Principle 

Enzymatic UV method. Any endogenous ammonia present in the sample is removed by the 

presence of GLDH before the addition of creatinine deaminase. The reduction in absorbance at 

340 nm caused by the oxidation of NADPH is proportional to the ammonia concentration 

released by creatinine. 

Advantages 

• No known interferences from bilirubin, ascorbic acid,  

serum/plasma matrices or a wide range of drugs 
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• Highly Specific 

• No interferences from endogenous creatine as it is not  involved in the pathway 

• No sample blank required 

• Suitable for use with paediatric samples 

• Highly sensitive - 18µmol/l 

• Non-toxic reagents that will not stain analyser tubing or  cuvettes. 

• Application sheets available for a wide range of  automated analysers 

• Eliminates the requirement for urea determination 

• Working reagent stable for 30 days 

• Produces reliable eGFR results 

Expected Results 

Normal range = 0.5 - 1.5 mg/dl 

Urine =  0.8 - 2.0 gm/24 hours 

(800-2000 mg/24 hours) 

Clinical Significance 

The serum creatinine is elevated whenever there is a significant reduction in the glomerular 

filtration rate or when urine elimination is obstructed.  The kidney reserve is such, however, that 

about 50% of kidney function must be lost before a rise in serum creatinine can be detected.Low 

serum creatinine values have been associated with muscular dystrophy. 

 

Estimation of Uric Acid 

Uric acid is a metabolite of nucleic acids, purines, and nucleoproteins and is the end product of 

protein (purine) metabolism in man.  In most mammals, uric acid is oxidized in the liver to 

allantoin.  Higher apes and man appear incapable of destroying uric acid efficiently in this 

manner.  As a result, uric acid accumulates in the plasma (as sodium urate) and is excreted in the 

urine.  Occasionally some persons are afflicted with extensive deposits of uric acid (urates) in 

their tissues, causing a disorder termed gout.  Increased levels of uric acid have been observed in 

renal failure, chronic lead poisoning, polycythemia, some leukemias, and toxemia of pregnancy. 

Uric acid measurements are used in the diagnosis and treatment of numerous renal and metabolic 
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disorders, including renal failure, gout, leukemia, psoriasis, starvation or other wasting 

conditions and in the treatment of patients receiving cytotoxic drugs. 

Methods 

1. Phosphotungstic Acid Reduction; This is the classical chemical method for uric acid 

deter-mination.  In this reaction, urate reduces phospho¬tungstic acid to a blue phosphotungstate 

complex, which is measured spectrophotometrically. 

2. Enzymatic - Uricase Method;  

a. An added enzyme, uricase, catalyzes the oxidation of urate to allantoin, H2O2, and CO2.  The 

serum urate / uric acid  may be determined by measuring the absorbance before and after 

treatment with uricase.  (Uricase breaks down uric acid.) 

b.  Uric acid, which absorbs light at 293 nm, is converted by uricase to allantoin, which is 

nonabsorbing at 293 nm. 

Uric acid + 2H2O + O2  Uricase  >  Allantoin + H2O2 + CO2 

(Absorbs at 293 nm)                  (Nonabsorbing at 293 nm) 

c. Uric acid is oxidized by the specific enzyme uricase to form allantoin and H2O2. The H2O2 

reacts with 2,4,6-tribromo-3-hydroxybenzoic acid (TBHB) and 4-aminophenazone in the 

presence of peroxidase to form quinone-imine dye and hydrogen bromide (HBr). The intensity of 

the red color is proportional to the uric acid concentration.  

Estimation of Blood Urea  

Urea is the characteristic and most abundant nitrogenous end product of protein catabolism in 

mammals.  It is generated by the liver and excreted by the kidney.  Urea filters easily through the 

glomerulus into the ultrafiltrate.  It will diffuse passively into the blood as it passes down the 

renal tubules.  Under conditions of normal flow and normal renal function, about 40% of the 

filtered urea is reabsorbed; when the flow rate is decreased, the amount passively reabsorbed 

increases.  As with creatinine, the serum concen¬tration of urea nitrogen rises with impaired 

renal function. 

The serum concentration of urea is influenced by factors not connected with renal function or 

urine excretion as it is affected strongly by the degree of protein catabolism.  A marked change 

in dietary protein consumption will be reflected in blood urea values.  The injection or ingestion 

of steroids produces a rise in blood urea as do stressful situations that cause the adrenal gland to 

secrete additional cortisol.  For these reasons, the measurement of serum creatinine is a better 

indicator of kidney status than is that of blood urea although in many cases, they go up and down 

simultaneously.  The various prerenal, renal, and postrenal factors that affect creatinine also 

influence the blood urea. Urea is synthesized in the liver from ammonia produced as a result of 
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deamination of amino acids.  This biosynthetic pathway is the human body's chief means of 

excreting surplus nitrogen. BUN (Blood Urea Nitrogen) measurements are used in the diagnosis 

of certain renal and metabolic diseases. The determination of  serum urea nitrogen is the most 

widely used test for the evaluation of kidney function. The test is  frequently requested in 

conjunction with the serum creatinine test for the differential diagnosis of  prerenal, renal, and 

postrenal uremia. High BUN levels are associated with impaired renal function,  increased 

protein catabolism, nephritis, intestinal obstruction, urinary obstruction, metallic poisoning,  

cardiac failure, peritonitis, dehydration, malignancy, pneumonia, surgical shock, Addison's 

disease,  and uremia. Low BUN levels are associated with amyloidosis, acute liver disease, 

pregnancy, and  nephrosis. Normal variations are observed according to a person's age and sex, 

the time of day, anddiet, particularly protein intake. 

Kidney function tests: Since the kidneys perform a multitude of functions, a single test cannot 

give information about the entire range of renal functions. A group of tests is required to evaluate 

the different renal functions. Abnormal results may sometimes be obtained due to a temporary 

renal dysfunction. Hence the test should be performed repeatedly and interpreted on the basis of 

a series of results. Moreover, the results of renal function tests may some-times be affected by 

extra-renal factors. Therefore, the results must always be interpreted in conjunction with the 

clinical picture. 

A large number of tests have been introduced during the past decades to assess the renal 

functions. Only a few of them have stood the test of time. Urea is main end product of protein 

catabolism. It is formed in the liver and is excreted through urine. Urea represents about 45-50% 

of the non-protein nitrogen of blood and 80-90% of the total urinary nitrogen excretion. The urea 

concentration in the glomerular filtrate is same as that in plasma. Tublar reabsorption of urea 

varies inversely with the rate of urine flow and hence is not a useful measure of GFR. Blood urea 

nitrogen varies directly with protein intake and inversely with the rate of excertion of urea. 

Azotemia is a term used to refer to any significant increase in the plasma concentration of non-

protein nitrogenous compounds, principally urea and creatinine. 

Clinical Significance 

After considering the effects of high protein diet, administration of cortisol-like steroids and 

stressful situations, increased blood urea is seen in the prerenal, renal, and postrenal factors as 

described for creatinine.  The blood urea concentration is low in late pregnancy when the fetus is 

growing rapidly and utilizing maternal amino acids, in starvation, and in patients whose diet is 

grossly deficient in protein. 
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The most commonly employed methods of blood urea determination are: 

1. Berthelot Reaction: This method is currently one of the most widely used.  Urea is split 

into ammonia and carbon dioxide by the action of urease, an enzyme obtained from Jack Bean 

meal.  The ammonia then reacts with alkaline hypochlorite and phenol in the presence of a 

catalyst-sodium nitroprusside. The resulting product is indophenol (a blue color) and the 

concentration of ammonia is directly proportional to the absorbance of indophenol. 

2. Fearon Reaction: This method is also very widely used in automated instruments.  Urea 

is heated with diacetyl monoxime in an acid solution to form a yellow diacetyl compound.  This 

color is stabilized by adding an arsenic-sulfuric acid mixture.  As a result of the need for critical 

timing, and the presence of strong acids and oxidizing reagents, this method is not well-suited for 

manual testing. Colorimetric Method: Diacetyl Monoxime Method 

Principal: Urea reacts with diacetyl monoxime in acidic conditions at nearly 100oC to give a red 

coloured product which is measured colorimetrically at 520nm. Thiosemicarbazide and ferric 

ions are added to catalyze the reaction and increase the intensity of colour. This method is linear 

only up to 300mg% urea. For higher values if expected, the blood sample should be diluted. 

Reagents 

1) Reagent A: Dissolve 5g of ferric chloride in 20ml of water. Transfer this to a graduated 

cylinder and add 100ml of orthophosphoric acid (85%) slowly with strring. Make up the volume 

to 250ml with water. Keep in brown bottle at 4oC. 

2) Reagent B: Add 200 ml conc, H2SO4 to 800 ml water in 2L flask slowly with stirring and 

cooling. 

3) Acid Reagent: Add 0.5 ml of reagent A to 1 L of reagent B. keep in brown bottle at 4oC. 

4) Reagent C: Diacetyl monoxime 20g/L of water. Filter and keep in brown bottle at 4oC. 

5) Reagent D: Thiosemicarbazide 5g/L of water. 

6) Colour Reagent: Mix 67 ml of C with 67 ml of D and make up the volume to 1000 ml with 

D.H2O keep in brown bottle at 4oC. 

7) Stock urea standard: 100mg/100 nl water. 

8) Working urea standard: Dilute 1 ml stock to 100ml with DH2O so conc. is 1 mg/100ml. 

3. Dialdehyde Method: In this procedure, urea combines with a dialdehyde derivative of 

benzene.  The product of this reaction is then acted upon by a dihydroxynapthalene compound 

and results in an intensely colored chromophore which can be measured photometrically. 
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4. Urease-Nessler Method of Karr:  To a protein-free filtrate, a buffer solution and urease 

are added.  Upon incubation, urea is split by urease and releases ammonia.  Ammonium 

carbonate is formed.  The ammonia in the ammonium carbonate is estimated as dimercuric 

ammonium iodide (yellow) after adding Nessler's reagent (alkaline potassium iodide and 

mercuric iodide). ) Neseler's Method: Urea is converted to ammonia by the enzyme urease. 

Ammonia is made to react with Neseler's reagent 

(Potassium mercurie iodide) giving rise to a brown coloured compound which is read at 450nm 

the enzyme acts optimally at 55oC pH 7.0 to 8.0 and is inhibited by ammonia and fluoride. 

Disadvantages are turbidity, colour instability and nonlinear, calibration beside susceptibility to 

contamination with NH3 from the laboratory and endogenous ammonia in the specimen.  

5. Use of Electrode: The blood urea  Chemistry Module determines blood-urea by means 

of the enzymatic conductivity rate method employing a Beckman Conductivity Electrode. 

6. Utilization of NH3  by enzyme glutamate dehydrogenase (GLDH): 

Urease specifically hydrolyzes urea to form ammonia and carbon dioxide.  The ammonia is 

utilized by the enzyme glutamate dehydrogenase (GLDH) to reductively aminate α-ketoglutarate 

(α-KG) with simultaneous oxidation of reduced nicotinamide-adenine dinucleotide (NADH). 

Urea is hydrolyzed by urease to form CO2 and ammonia. The ammonia formed then reacts with 

α- ketoglutarate and NADH in the presence of glutamate dehydrogenase (GLDH) to yield 

glutamate and NAD+.  The decrease in absorbance due to consumption of NADH is measured 

kinetically. 

Urea + H2O  ------urease  ---->  2NH3 + CO2 

NH3 + α -KG + NADH(+H+)  -------GLDH  ------>  L-glutamate + NAD+ 

The change in absorbance at 340 nm due to the disappearance of NADH over a 17.07-second 

measurement period is directly proportional to the BLOOD UREA concentration in the sample. 

Interpretation: 

Normal blood urea in adults is 15-50 mg% when expressed as blood urea nitrogen (BON) it is 7-

25 mg%. It is somewhat higher in men than women and there is gradual rise with age. The urea 

concentration varies with the amount of protein in the diet. 

Serum urea is lower in pregnancy probably due to hoemodilution, usually between 15-

20mg/100ml. Increase in urea is significant as a measure of renal function. The causes may be 

Pre Renal: When there is reduced plasma volume it leads to decreased renal blood flow and 

hence GFR leading to urea retention. Seen in 
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Reduced plasma volume: 

- Acute intestinal obstruction – prolonged vomiting. 

- Severe diarrhoea. 

- Pyloric stenosis. 

- Ulcerative colitis. 

- Diabetic Keloacidosis. 

- Shocks, severe burns and haemorrhage. 

Increased protein catabolism: 

- Fevers 

- Thyrotoxicosis 

Cardiac failure 

Renal Disease: Blood urea is increased in all forms of renal diseases like; 

- Acute glomerulonephritis. 

- Renal failure 

- Malignant hypertension 

- Chronic pyclonephritis 

- Congenital cystic kidneys 

Post renal: Due to obstruction to flow of urine there is retention and so reduction in effective 

filteration pressure at the glomeruli 

- Enlargement of prostrate. 

- Stones in urinary tract. 

- Urethral strictures. 

Methodology of its teaching: demonstration of its estimation using kits. 

Evaluation of the session: Asking to demonstrate the test. 

Estimation of Total and Direct Bilirubin  
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Introduction 

Like so many other substances measured in clinical chemistry laboratories, bilirubin is a waste 

product. Bilirubin, the principle pigment in bile, is derived from the breakdown of hemoglobin. 

After several degradation steps, the free bilirubin becomes bound by albumin and is transported 

through the blood to the liver. This bilirubin is not soluble in water, and is referred to as 

insoluble, indirect, or unconjugated. In the liver, bilirubin is rendered soluble by conjugation 

with glucuronide. The water-soluble bilirubin, called direct or conjugated, is transported along 

with other bile constituents into the bile ducts, then to the intestines. In the intestines, bacterial 

enzyme action converts bilirubin to several related compounds, collectively referred to as 

urobilinogen. 

Early methods for bilirubin estimation were based on measurement of its oxidation product, 

biliverdin or on assessment of the icteric index. Introduction of the diazo reaction for bilirubin by 

van den Bergh in 1918 led to its widespread adoption for quantitating the pigment in serum. Van 

den Bergh and Muller found that bilirubin in normal serum reacted with Ehrlich's diazo reagent 

(diazotized sulfanilic acid) when alcohol was added. Their observation that bile pigment reacted 

with the diazo reagent without the addition of alcohol led to the recognition that some change in 

bilirubin had been affected by the liver. Bilirubin that reacts with the diazo reagent without the 

addition of alcohol is called “direct” or conjugated while the form that reacts only in the presence 

of alcohol is called “indirect” or unconjugated. A low concentration of bilirubin is found in 

normal plasma, almost all of which is indirect. The sum of the direct and indirect forms (or 

conjugated and unconjugated) is termed total bilirubin. Routine analytical procedures exist for 

the determination of total bilirubin and for the measurement of direct bilirubin. The indirect 

fraction is obtained by subtracting the direct value from the total value. The determination of 

direct as well as total bilirubin is used in differentiating certain types of jaundice. 

 

Jaundice 

Jaundice is yellow discoloration of the skin or sclera, this is due to the presence of bilirubin in 

the plasma and is not usually detectable until the concentration is greater than about 1.1 mg/dl. 

Normally the bilirubin concentration in serum ranges from 0.2-1.1 mg/dl. Biliburin is derived 

from the terapyrrole prosthetic group found in haemoglobin and the cytochromes. It is normally 

conjugated with glucuronic acid to make it more soluble, and excreted in the bile there are three 

main reasons why bilirubin levels in the blood may rise: 

 • Haemolysis. The increased haemoglobin breakdown produces bilirubin which overloads the 

conjugating mechanism. 

• Failure of the conjugating mechanism within the hepatocyte. 
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• Obstruction in the biliary system. 

Both conjugated bilirubin and unconjugated bilirubin may be present in plasma. Conjugated 

bilirubin is water soluble. Unconjugated bilirubin is not water soluble and binds to albumin from 

which it may be transferred to other proteins such as those in cells membranes. It is neurotoxic, 

and if levels rise too high in neonates, permanent brain damage can occur. 

Biochemical tests 

Bilirubin metabolities are responsible for the brown coloration of faeces. If bilirubin does not 

reach the gut, stools become pale in colour. Bilirubin in the gut is metabolized by bacteria to 

produce stercobilinogen. And may be detected by simple biochemical tests. When high levels of 

conjugated bilirubin are being excreted, urine may be a deep orange colour, particularly if 

allowed to stand. 

Biochemical test (LFTs) include measurement of serum AST and ALT as markers of 

hepatocellular damage, as well as bilirubin and alkaline phosphatase which are indicators of 

cholestasis. 

Most of bilirubin is formed in reticule-endothelial system from breakdown of red blood cell 

precursors. This bilirubin is unconjugated and is almost insoluble in water. Bilirubin is 

transported to serum albumin mainly and is not filtered through glomerulus. Bilirubin is actively 

taken up by carrier mediated process and binds to intracellular proteins eg. Ligandin and Z 

protein. At the endoplasmic reticulum, UDP-glucuronyl transferase conjugates bilirubin forming 

mainly bilirubin onide with some monoglucuronide. This conjugated bilirubin is water soluble 

and when present can be filtered through glomerulur appearing in urine. Secretion of conjugated 

bilirubin in biliary canalicular membrance is rate limiting process and is sensitive to liver 

damage. Bile is stored in gall bladder from where it passes into-duodenum via cystic and 

common bile duct. Bilirubin is an organic compound formed by the reticuloendothelial system 

during the normal and abnormal destruction of red blood cells. Elevated levels are associated 

with hemolytic jaundice, paroxysmal hemoglobinuria, pernicious anemia, polycythemia, icterus 

neonatorum, internal hemorrhage, acute hemolytic anemia, malaria, and septicemia. Low 

bilirubin levels are associated with aplastic anemia, and certain types of secondary anemia 

resulting from toxic therapy for carcinoma and chronic nephritis. 

Any increase in formation or retention of bilirubin by the body may result in jaundice, a 

condition characterized by an increase in the bilirubin level in the serum and the presence of a 

yellowish pigmentation in the skin. 

Jaundice may be classified as prehepatic, hepatic, or post-hepatic. In prehepatic jaundice, excess 

bilirubin production (hemolysis) is responsible. Hepatic jaundice occurs when either the removal 

of bilirubin from the blood or conjugation of bilirubin by the liver is defective. This can 

haveorganic or genetic causes. Hemolytic jaundice is caused by overproduction of bilirubin due 
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to excessive hemolysis and the inability of the liver to adequately remove this pigment from the 

blood. This condition is usually associated with elevated values of serum indirect bilirubin. The 

most common causes of jaundice are liver disease and blockage of the common bile duct. It is 

necessary to distinguish between the causes of jaundice early in the disease prior to the onset of 

complications, as the course of treatment is dependent on the cause of the jaundice. Obstructive 

jaundice, caused by a post-hepatic blockage of the larger bile passages, particularly the common 

bile duct, results in a reflux of bilirubin into the blood. This condition, when uncomplicated, is 

associated with elevated serum bilirubin only of the direct type. Measurement of total bilirubin 

and determination of the direct and indirect fractions is important in routine screening for and the 

differential diagnosis of jaundice. Cirrhosis of the liver and infectious or toxic hepatitis are 

caused by some type of intrahepatic obstruction, where production of bilirubin is not increased, 

but accumulates and is discharged back into the blood. In these conditions, the indirect form of 

bilirubin predominates in the early phase, but as liver damage progresses the direct form also 

becomes elevated 

Methods of Bilirubin estimation 

Principle of Reactions 

a. Bilirubin is coupled with diazotized sulfanilic acid to form azobilirubin. The color of this 

derivative is pH dependent, occurring as pink in acid or neutral medium and blue under 

alkaline conditions. Direct (conjugated) bilirubin couples with diazotized sulfanilic acid (p-

diazobenzenesulfonic acid), forming a blue color at alkaline pH.  

b. Direct bilirubin (conjugated) + diazotized sulfanilic acid -------alkaline pH---- > blue color 

azobilirubin. 

c.  Indirect (unconjugated) bilirubin is diazotized only in the presence of an “accelerating” 

agent, caffeine-benzoate-acetate mixture. Thus, the blue azobilirubin produced in mixtures 

containing “accelerating” agent originates from both the Direct and Indirect fractions and 

reflects the Total bilirubin concentration.  

d. Total bilirubin + caffeine-benzoate-acetate mixture + diazotized sulfanilic acid ------- 

azobilirubin 

e. Total bilirubin is coupled with diazonium salt DPD (2,5-dichlorophenyldiazonium 

tetrafluoroborate) in a strongly acidic medium (pH 1-2). The intensity of the color of the 

azobilirubin produced is proportional to the total bilirubin concentration and can be 

measured photometrically.  

Methods of Determination 

1. Van den Bergh, Malloy and Evelyn Reaction — In an aqueous solution, Ehrlich's diazo 

reagent reacts with the direct bilirubin in the serum to form a pink to reddish-purple 
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colored compound (azobilirubin). It is read at one minute. In a 50% methyl alcohol 

solution, Ehrlich's diazo reagent reacts with the total bilirubin in the serum to form a pink 

to reddish-purple colored compound. (Read at 30 minutes.) 

2. Estimation by method of Malloy and Evelyn, 1937, Modified.): When reacted with 

diazotized sulfanilic acid (Ehrlich's Reagent), bilirubin is converted to azobilirubin 

molecules which give a red purple colour in acid the intensity of which is read 

colorimetrically. Both conjugated and unconjugated bilirubins give purple azobilirubins 

with diazotized acid. Conjugated bilirubin can react in aquous solution (Direct Reaction), 

whereas unconjugated requires an accelerator or solubiliser , such as methanol (Indirect 

Reaction-which gives total bilirubin i.e. conjugated + unconjugated bilirubin). 

Reagents : 

1. Diazo reagent : Make freshly before use the mixing 10ml of solution 

A and 0.3ml of solution B. 

Solution A : 1g of sulphanilic acid and 15ml of concentrated HCL per litre in water. 

Solution B : 0.5g of sodium nitrite/100ml in water. This solution should be kept in 

refrigerator renewed monthly. 

2. Diazo Blank : 15ml of conc. HCL/litre in water. 

3. Methanol 

4. Bilirubin standard : Dissolve 10mg bilirubin in a minimum (about 

5ml) of 0.1N sodium solution, as quickly as possible (since it is 

unstable in alkaline solution) and make volume with human citrated 

plasma (obtained from blood bank from outdated bottles. Plasma is 

left in sunlight for some hours before use to destroy bilirubin present). 

To be kept frozen in small fractions (for practicals methanol may 

replace plasma for making volume) 

 

3. Methods of Jendrassik and Grof — Serum or plasma is added to a solution of sodium 

acetate and caffeine-sodium benzoate. The sodium acetate buffers the pH of the diazo reaction, 

while the caffeine-sodium benzoate accelerates the coupling of bilirubin with diazotized 

sulfanilic acid. The azobilirubin color develops within 10 minutes. (An accelerating agent 

facilitates the coupling of albumin-bound bilirubin with the diazo reagent.) 
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4. Conjugated Bilirubin – Conjugated bilirubin reacts with DSA under acid conditions to form 

a red chromophore. The absorbance due to the chromophore is directly proportional to the 

conjugated bilirubin in the sample and is measured using a two-filter (540-600 nm) end point 

technique. 

Conjugated bilirubin + DSA + H 6 Red chromophore + (non-absorbing at 540 nm) (absorbs at 

540 nm).  Total Bilirubin – Total bilirubin reacts with DSA under acid conditions to form a red 

chromophore. Lithium dodecyl sulfate (LDS)is employed to solubilize the unconjugated 

bilirubin. The absorbance due to the chromophore is directly proportional to the bilirubin in the 

sample and is measured using a two-filter (540-600 nm) end point technique. 

5. Bilirubin + DSA + H Red chromophore + LDS  (non-absorbing at 540 nm) (absorbs at 540 

nm) 

6. Neonatal bilirubin (up to 21 days) – The absorbance of the sample, measured using a two-

filter (452-540 nm) differential technique is directly proportional to the bilirubin concentration. 

Absorbance at 452 nm is due to the bilirubin concentration, and, if present, hemoglobin. At 540 

nm, bilirubin does not absorb, while hemoglobin exhibits the same absorbance as it does at 452 

nm. The use of 540 nm as the blanking wavelength thus eliminates any hemoglobin contribution 

from the total absorbance at 452 nm. 

Bilirubin in newborn babies can be read in this direct spectrophotometric procedure in part due 

to the fact that the normal range is much higher than for adults. In addition, carotene and other 

dietary pigments prevent adult and specimens from older children from being suitable.  

Specimen Collection and Storage 

Fresh serum is recommended, but heparinized plasma is also acceptable. Specimens must be 

protected from both artificial light and sunlight during processing and storage as bilirubin will 

undergo auto-oxidation to biliverdin.. The use of a serum blank eliminates interference from 

hemolysis and lipemia. 

Interpretations: 

Normal serum bilirubin is less than 1 mg/dL. Hyperbilirubinaemia of more than 3 mg/dL results 

into clinical jaundice. 

Hyperbilirubinaemia may be due to: 

I. Unconjugated Hyperbilirubinaemia (Retention Jaundice): Due to retention in circulation 

of increased amount of unconjugated bilirubin. 

(A) Haemolytic (Pre-hepatic Jaundice) due to: 
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i) Increased haemolysis: increased breakdown of haemoglobin to bilirubin at a rate exceeding the 

ability of normal liver cells remove it from circulation. 

- abnormal R.B.C. e.g. in spherocytocis, haemoglobinopathies, 

G-6-p dehydrogenase deficiency etc. 

- Antibodies eg. Incompatible blood transfusion. 

- Organisms e.g. Plasmodium in malaria etc. 

ii) Inteffective eryghropoiesis eg. in pernicious anaemia. 

(B) Non haemolytic Hepatie: due to 

i) Impaired hepatic uptake eg. in Gilbert's syndrome. 

ii) Impaired glucuronyl transferase activity in conditions such 

as: 

- Crigler_Najjar Syndrome 

- Gilbert's syndrome (in addition to impaired uptake) 

- Physiological jaundice of new born. Particularly in premature infants not having fully 

developed microsomal conjugating enzyme syste. 

II Conjugated Hyperbilirubinaemia (Regurgitation Jaundice): 

Due to regurgitation into circulation of conjugated Bilirubin which would normally pass along 

the bilirubin system. 

LIPID PROFILE 

Estimation of Lipids 

Lipid profile: For lipid profile estimation following tests are performed 

1) TOTAL LIPIDS: Principle lipids react with sulphuric acid, phosphoric acid and vanillin to 

form pink colour complex. Normal values 400-1000 mg/dl 

2) PHOSPHOLIPIDS: It is a fully enzymatic method which uses three different 

enzymes- phospholipase D, Choline oxidase and per oxidase to developed colour which is 

measured at 500 nn. Normal range 160-270 mg/dl 

3) TRIGLYCERIDES 
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Triglyceride measurements are used in the diagnosis of diabetes mellitus, nephrosis, liver 

obstruction, and other diseases involving lipid metabolism and various endocrine disorders and 

in the treatment of patients with these diseases. 

Elevated levels of triglycerides in plasma have been considered as risk factors related to 

atherosclerotic diseases. The hyperlipidemias can be inherited trait or they can be secondary to a 

variety of disorders of diseases including nephrosis, diabetes mellitus, biliary obstruction and 

metabolic disorders associated with endocrine disorders. 

a. Acetyl-acetone method. 

Principle: 

The serum lipids are extracted by isopropanol, which also precipitates serum proteins. The 

interfering phospholipids, containing glycerol as integral part, are removed by adsorption on 

alumina. Filtrate is used for saponification and glycerol is separated from triglycerides. Action of 

metaperiodase converts glycerol into glyceraldehydes, which forms a yellow coloured complex 

with acetyl acetone. The intensity of the coloured complex is measured at 410nm. (violet filter). 

Normal range 

10-190 mg/dl 

Reagents: 

1) Alumina: (active grade : 1, for chromatography): It is washed with distilled water & dried in 

an oven overnight at 100oC. 

2) Isopropanol: AR, grade. 

3) Alcoholic KOH: It is prepared by dissolving 50 g of potassium hydroxide in 600 ml of 

distilled water and 400 ml of isopropanol. 

4) Metaperiodate: It is prepared by dissolving 77 g of ammonium acetate & 650 mg of sodium 

metaperiodate in 940 ml of distilled water and 60 ml of glacial acetic acid. 

5) Acetyl-acetone: It is prepared by mixing 7.5 ml of acetyle acetone and 200 ml of isopropanol 

in 800 ml of distilled water. 

6) Triglyceride standard: 100 mg/dl (It is prepared by dissolving 

tripalmitine (or triolein) in chloroform. 

Stability of the reagents 

Reagents 1, 2, 3, 4 & 5 are stable at room temperature. Reagent 6 i.e. standard is stable at 2-8oC. 
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Procedure limitations: 

The method is linear up to 300 mg/dl. For values higher than 300 mg/dl, dilute the specimen in 

saline and repeat the test. Consider appropriate dilution factor for the calculation of final result. 

b. Hydrolysis of triglycerides: 

This method uses microbial lipase to promote rapid and complete hydrolysis of triglycerides to 

glycerol with subsequent oxidation to dihydroxyacetone phosphate and hydrogen peroxide. The 

peroxide reacts with 4-aminophenazone and 4-chlorophenol in a Trinder reaction to a 

colorimetric endpoint.  

4) CHOLESTEROL 

Estimation of Serum Cholesterol (Total) 

Cholesterol is a fat-like substance that is found in all body cells. The liver makes all of the 

cholesterol the body needs to form cell membranes and to make certain hormones.The 

determination of serum cholesterol is one of the important tools in the diagnosis an classification 

of lipemia. High blood cholesterol is one of the major risk factors for heart disease. 

Sackett's Method: 

Principle: Proteins are precipitated by and cholesterol extracted in an alcoholether mixture. The 

extract is evaporated and the residue dissolved in chloroform. By Liebermann-Burchard reaction, 

a green colour is developed and measured colorimetrically. 

Reagents 

(i) Alcohol-ether mixture – Ethyl alcohol (95%) and ether are mixed in a ratio of 3:1. 

(ii) Chloroform-This should be of a high purity and absolutely anhydrous. 

(iii) Acetic anhydride-sulphuric acid mixture-Acetic anhydride and conc. sulphuric acid are 

mixed in a ration of 20:1 just before use. 

(iv)Stock standard cholesterol solution 200 mg of chemically pure cholesterol is dissolved in and 

diluted to 100 ml with chloroform. 

 (v) Working standard cholesterol solution – 1 ml of stock standard cholesterol solution is diluted 

to 25 ml with chloroform. 5 ml of this solution contains 0.4 mg of cholesterol. 

Procedure: Pipette 12 ml of alcohol-ether mixture in a dry centrifuge tube. 

Add 0.2 ml of serum slowly. Cork the tube and shake vigorously for one minute. Keep the tube 

in a horizontal position for half an hour. Centrifuge it at 1,500 r.p.m. for 5 minutes. Pour off the 
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supernatant fluid completely in a small breaker, and evaporate it on a steam-bath or a hot plate. 

Make up to 5 ml with chloroform. Label the tube 'Unknown'. 

Label two other test tubes 'Standard' and 'Break', and pipette respectively 5 ml of working 

standard cholesterol solution and 5 ml of chloroform the three tubes. Mix and keep in dark for 15 

min. 

Adjust the wavelength of the photometer to 680 nm or put in a red filter. Set the photometer to 

100% transmittance (or zero obsorbance) with 'Blank' and read 'Unknown' and 'Standard'. 

Calculations 

Au 0.4 

Serum Cholesterol (mg/100ml) = x x 100 

As 0.2 

Au = x 200 

As 

Interpretation 

Serum cholesterol varies from 150-240 mg/100 ml in healthy ng adults. The level rises with age 

and may go upto 300 mg/100 ml in the elderly. An increase in serum cholesterol 

(hypercholesterolaemia) is found in diabetes mellitus, nephritic syndrome, obstructive jaundice, 

hypothyroidism, xanthomatosis and during ether anaesthesia. An idiopathic 

hypercholesterolaemia of unknown actiology occurs in some families. Hypercholesterolaemia, 

from any cause, predisposes to atherosclerosis. 

A decrease in serum cholesterol (hypocholesterolaemia) is found in hyperthyroidism, 

hepatocellular damage, anaemia (except haemorrhagic), acute infections, wasting disease, 

intestinal obstruction and terminal states of a variety of disease. 

Enzymatic method based on the action of Cholesterol oxidase on cholesterol 

Recently, an enzymatic method based on the action of cholesterol oxidase on cholesterol has also 

been developed. Some commercial kits based on the enzymatic method are available in the 

market, and should be used according to the instructions of the manufacturers. All cholesterol 

esters present in serum or plasma are hydrolyzed quantitatively into free cholesterol and fatty 

acids by microbial cholesterol esterase. In the presence of oxygen, free cholesterol is oxidized by 

cholesterol oxidase to cholest-4-en-3-one. The H2O2 reacts in the presence of peroxidase (POD) 

with phenol and 4-aminophenazone to form an o-quinone-imine dye. The intensity of the color is 

proportional to the cholesterol concentration and is measured photometrically.  
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Cholesterol esters are hydrolysed by cholesterol ester hydrolase to free cholesterol & fatty acids. 

The free cholesterol produced and pre-existingh one are oxidised by cholesterol oxidase to 

Cholestenone-4-en-3-one and hydrogen peroxide. Peroxidase acts on hydrogen peroxide and 

liberated oxygen reacts with the chromogen (4-amino phenazone/phenol) to form a red coloured 

compound which is read at 510 nm (505-530 nm). 

 

An elevated cholesterol level is associated with diabetes, nephrosis, hypothyroidism, biliary 

obstruction, and those rare cases of idiopathic hypercholesterolemia and hyperlipemia; low levels 

are associated with hyperthyroidism, hepatitis, and sometimes severe anemia or infection. 

1. ESTIMATION OF SERUM HDL CHOLESTEROL 

Colorimetric (Watson) 

In the presence of phosphotungstic acid and magnesium chloride, LDL, VLDL & chylomicrons 

are precipitated. Centrifugation leaves only the HDL in the supernatant. Cholesterol in the HDL 

fraction can be tested by the usual methods for total cholesterol. 

Normal range 

Men: 30-60 mg/dl. 

Women: 40-70 mg/dl. 

Method: 

Precipitating reagents: 

1) Phosphotungstie acid reagent (P.T.A.): It is prepared by dissolving 2.25 g. of phosphotungstie 

acid in 8.0 ml of IN sodium hydroxide and 42.0 ml of distilled water. 

2) Magnesium chloride reagent: 20.34 g of magnesium chloride in distilled water. It is diluted to 

50 ml. 

Procedure: 

Pipette in the centrifuge tubes labeled as follows: 

Test 

1) Serum, ml 0.5 

2) P.T.A. reagent, ml 0.05 

3) MgCl2 reagent, ml 0.02 
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Mix well, centrifuge at 3000 R.P.M. for 20 minutes Separate the supernatent by using a pipette. 

The clear supernatent is treated in the similar way as for method for cholesterol and the 

absorbance is measured at 500 nm. 

Additional Information: 

Heparin and manganese chloride are also used as precipitating reagents for HDL-Cholesterol 

determination. 

6) LDL: Cholesterol – HDL + VLDL 

7) VLDL: TG/5 

Estimation of blood Glucose  

The accurate measurement of glucose in serum or plasma is important in the diagnosis and 

treatment of carbohydrate metabolism disorders such as diabetes mellitus, neonatal 

hypoglycemia and idiopathic hypoglycemia. 

High levels of glucose in the blood usually indicate diabetes however levels can be raised in 

many other disorders including kidney disease, hyperthyroidism, pancreatitis and pancreatic 

cancer. 

Glucose is often measured in conjunction with various tolerance tests after the administration of 

doses of leucine, insulin, glucagon or glucose. 

Most commonly used method determines Glucose  after the  enzymatic oxidation in the presence 

of glucose oxidase. The hydrogen peroxide formed reacts, under catalysis of peroxidase, with 

phenol and 4-aminophenazone to form a red - violet quinoneimine dye as indicator. 

Diabetes Mellitus: It is a chronic disease due to disorder of carbohydrate metabolism, cause of 

which is either deficiency or diminished level of insulin resulting in hyperglyeemia (increased 

blood glucose level) & glucose (presence of glucose in urine). Secondary metabolic defect is also 

seen. Such as metabolism of proteins & fats. 

1. Primary or Idiopathic or Essential Diabetes 

(a) Juvenile Diabetes or. Type I Diabetes or Insulin dependent 

Diabetes Mewlitus (IDDM) 

 Less Frequent 

 Occures before the age of 15 years. 

 Due to less production of insulin from β-cells of Langerhans (Pancrea) 

(b) Maturity onset diabetes or. Type II diabetes or Non-insulin dependent Diabetes melitus 

(NIDDM) 
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 More frequent in population. 

 Occurs at middle age. 

 Ketoacidosis is rare. 

  Β- cell is degenerated to some extent but response to glucose load is seen. 

2. Secondary 

It is secondary to some other main disease 

(a) Pancreatic Diabetes. 

 Pancreatitis 

 Hemochromatosis 

 Malignancy of Pancreas. 

 (b) Inereased level of antagonistic hormone 

 Hyperthyrodism 

  Hypercorticism – Cushings disease 

 Hyperpitnatarism 

Clinical Biochemical findings in diabetes 

1) Presence of large amount of glucose in urine. 

2) Large volume of urine & increased frequency of micturition (Polyuria) 

3) Polyphagia i.e. eats more frequently. 

4) Increased catabolisim of fat so there is increase in free fatty acid level in blood & liver. 

5) Increased acetyl coA is seen which further lead to increase formation of cholesterol & hence 

at formation of atherosclerosis. 

6) Increased ketone bodies in blood & its apperance in urine leads to acidosis. 

7) Increased catabolism of tissue protein for energy requirement lead to loss of weight & 

increased level of amino acid in blood & more formation of urea by deamination of amino acid. 

Estimation of glucose in blood was one of the first biochemical tests to be applied 

clinically and now it has become a routine in clinical biochemistry lab. 

In blood quantitative estimation of glucose is done with either whole blood, plasma or serum and 

several methods have been in use. Whole blood values are 10-15% lower than plasma. Arterial 

blood values are higher than venous values. 
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The term Blood Sugar is used synonymously with blood glucose but certain other substance like 

glutation, glucuronic acid, threonine, uric acid, ascorbic acid, fructose etc. give erroneously high 

values (5-20%) when any reduction method is adopted. 

a) Fasting blood Sugar (FBS): The blood sample is collected after the patient fasts for 12 hours 

or overnight. 

b) Post-Prandial Blood Sugar (P P B S): After the patient fasts for 12hours, a meal is given 

which contains starch and sugar (approx. 100 gms). Blood is collected 2 hours after the ingestion 

of the meal. 

c) Random Sample: Blood is collected any time without prior prepration of the patient. 

Collection of Blood Sample: Blood is usually collected from a vein and kept in a bottle 

containing sodium fluoride (NaF) and potassium oxalate mixed at proportion of 1 : 3 Usually 4 

mg. of the mixture is required. Both the substances act as anticoagulant and NaF prevents 

glycolysis in RBC's by inhibiting the enzyme 'enolase'. 

Methods of Estimation: 

1. Enzymatic: Measure only glucose in blood. 

a) Glucose Oxidase Method: 

Colorimetric method without deproteinisation: Glucose is determined after enzymatic oxidation 

in the presence of glucose oxidase. The hydrogen peroxide produced, reacts with phenol and 4-

aminophenazone to form a red - violet quinoneimine dye. The intensity of the final color is 

directly proportional to the glucose concentration and is measured at 505 nm. This method is 

used in various autoanalyzers. 

b. Hexokinase Method:  

Hexokinase catalyzes the phosphorylation of glucose by adenosine triphosphate (ATP). G-6-PD 

is oxidized to 6-phosphogluconate in the presence of NAD by the enzyme glucose-6-phosphate 

dehydrogenase. No other carbohydrate is oxidized.  

The glucose hexokinase method, based on the work of Schmidt, Peterson, and ng, has long been 

recognized as the most specific method for the determination of glucose. Glucose measurements 

are used in the diagnosis and treatment of pancreatic islet cell carcinoma and of carbohydrate 

metabolism disorders, including diabetes mellitus, neonatal hypoglycemia, and idiopathic 

hypoglycemia.   

In this glucose + ATP----- hexokinase------------- glu-6-P+ADP 

G – 6 – P + NAD--------G6PD--------> 6 phosphogluconate + NADH + H + 
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The rate of formation of NADH is followed spectrophotometrically at 

340mn. 

 

 

UV Method  for the analysis of Food and Wine. 

 Not for  use in diagnostic procedures. 

Glucose is measured enzymatically utilizing both hexokinase and  glucose - 6- phosphate 

dehydrogenase.  The total sugar content (glucose + fructose) is determined by  converting the 

fructose - 6- phosphate (F-6-P) to glucose-6-phosphate (G-6-P) by phosphoglucose  isomerase 

(PGI). The G-6-P is then converted to gluconate-6- phosphate and the NADH formed is 

stoichiometric with the  amount of total sugars. Fructose content = Total sugar - glucose content. 

REACTION PRINCIPLE 

D - Glucose + ATP--------Hexokinase   G-6-P + ADP 

hexokinase 

D -Fructose + ATP------Hexokinase-- F-6-P + ADP 

F-6-P ------ PGI----------G-6-P 

G-6-P+ NAD+--------G-6-PDH- D-gluconate-6-Phosphate + NADH + H+ 

 

SAMPLE 

Red wine, white wine, beer or fruit juices. Decolourisation of red wine is not necessary. Fruit 

juices can also be assayed but  must be filtered first if turbid. Strongly coloured juices with  

suspected low values should be decolourised with 0.1 g  polyamide powder, gelatine or 

polyvinylpolypyrrolidone (PVPP)  to approximately 10 ml of juice. Stir for 1 minute and filter. 

The  clear filtrate can then be used in the assay undiluted. Carbonic  acid should be removed 

from beer by filtering or stirring with a  glass rod for 30 seconds. 

c. Ortho toludine method: O-Toludine reacts quantitatively with the aldehyde group of 

glucose. Glucose condense with Ortho- Toluidine in an acidic medium (using glacial 

acetic acid to acidify the medium) and at a boiling temperature to give a green clour 

complex. The intensity of the colour complex is measured on spectrophotometer and it is 

directly proportional to the concentration of glucose in the sample. 
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d.  Alkaline Copper Reduction Methods. 

• Asatoor & King's method 

• Folin & Wu method 

The colour development is rapid and stable. 

Estimation of Blood Glucose by method of Asatoor and King (modified) 

Principle: Reducing sugars in hot alkaline medium produce cnediols which are strong reducing 

agents that convert Cu ++ ions Cu+ ions combine with OH ion to form yellow CuOH which on 

heating gives red Cu2O, Cu2O produced is proportional to the amount of reducing sugar 

Phosphemolybdic: acid is added so that oxidation of Cu+ to Cu++ is coupled with reduction of 

acid to molybdenum blue which can be estimated colorimetrically. 

Modified method gives values close of true glucose. This is achieved by diluting blood with 

isotonic CuSO4 Na2SO4 solution to prevent hemolysis of RBC. The glucose diffuses out of cells 

and is estimated while various non-glucose reducing substance remain in the intact cells and are 

precipitated during deproteinisation and removed by centrifugation. 

So method used is modification by Asatoor and King in 1954 and involves: 

- Precipitation of blood proteins. 

- Reduction of alkaline CuSo4 solution to cuprous oxide by glucose. 

- Estimation of extent of reduction of blue coloured complex by colorimetric measurement at 

6.10 nm. 

Reagents: 

i) Isotonic copper sulphate solution: 

Na2SO4. 10H2O – 30 gm and CuSO4 5H2 0-6 gm per 1 litre of solution. 

ii) Sodium tungstate 10%. 

iii) Alkaline Tratrate solution. 

Dissolve 25g NaHCO3, 20gm anhydrous Na3CO3 and 18 gm Pot. 

Oxalate in about 500 ml of water. Add 12 gm of sodium potassium tartrate and make up the 

volume to 1 L. 
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iv) Phosphomolybdic acid solution : To 35 gm of molybdic acid add 5 gm. Of sodium tungsta'e, 

and 200 ml of 10% NaOH. Boil for 30- 40 mins to remove ammonia. Cool. Dilute to about 

350ml and add 125 ml of conc. (85%) phosphoric acid. Make volume upto to 500ml. 

v) Stock glucose Standard solution: 1 gm% in saturated benzoic acid. 

vi) Working glucose standard solution: Dilute stock 1 ml to 100 ml so conc. Is 10 mg% with 

isotonic CuSo4 solution. 

Interpretation: The normal fasting blood glucose varies from 60-100 mg/dl and post prandial 

from 100-140 mg/dl. The appear limit increase with age and during pregnancy. 

Hyperglycagmia 

Causes are: 

1. Diabetes mellitus – Fasting blood sugar rises. Value of 140 mg/dl on more than one occasion 

or post prandial level of 200 mg/dl confirms the diagnosis. If the value is below 100 mg/dl it 

excludes diabetes mellitus Values in uncertain range between these figures calls for oral GTT to 

diagnose the condition. 

2. Hyperactivity of thyroid, pituitary, or adrenal gland. 

3. Surgical removal of pancrease, pancreatitis, carcinoma of pancrease, fibrocystic disease or 

baemachromatosis of pancrease. 

4. Intracranial diseases like meningitis, encephalitis, tumors and haemorrhage show a moderate 

hyperglycaemia. 

5. Drug induced e.g: thiazide diuretics, steroids, ACTH, thyroid extracts. 

Diabetes mellitus is the commonest cause of hyperglycaemia and its early detection is of vital 

importance. 

Hypoglycaemia: When blood glucose falls below 60 mg/dl. 

1. Most commonly seen due to overdosage of insulin in treatment of diabetes mellitus. 

2. Hypothroidism – cretinism, myxoedema. 

3. Insulin secreting tumours of pancrease – rare. 

4. Hypoadrenahsm (Addison's disease) 

5. Hypopitruitism. 

6. Severe exercise. 
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7. Starvation. 

8. Chronic alcoholism 

9. Congenital disease like – glycogen storage disorders normally the blood sugar levels are well 

maintained due to action of various hormones. 

Along with estimation of blood glucose levels urine must be tested for: 

1. Reducing Sugar – Commonly in diabetes mellitus. 

2. Albumin – Diabetic nephropathy. 

3. Ketone bodies – Diabetes ketoacidosis. 

Recently quick measurement of blood glucose can be done by using only drop of blood from a 

finger prick using glucometer or dextrostix. 

Glucose Tolerance Test 

Introduction: 

Glucose Tolerance is defined as the capacity of the body to tolerate an extra load of glucose. 

Normally the blood glucose level remains relatively constant the fasting being 63-100mg% 

which returns to normal within 2 hours. The definitive diagnostic test for DM is the G.T.T. 

Oral G.T.T 

 Procedure: After an overnight fast of 12-16 hrs. fasting blood sample is taken. Then 75gm of 

glucose dissolved in 250-300ml of water is given orally. Blood samples are collected at 30 mins 

interval for 2-3 hours but 2 hours sample is most important for interpretation of result according 

to WHO criteria. Corresponding urine samples can also be collected and presence of reducing 

sugar tested by Benedicts qualitative test. Blood sugar in each sample is estimated by King and 

Asatoor method. A curve between time and blood glucose concentration, is plotted. 

Precautions: 

1) The patient should be on a diet of 300 gm of carbohydrate per day for at least last 3 days. 

2) Fasting should not be less than 10 hrs. and not more than 16 hours. 

Only water is permitted after dinner. 

3) The patient should not be taking drags that affect carbohydrate metabolism. 

4) Durings the test patient activity should be normal (mild to moderate) and he should abstain 

from smoking. The patient should be at rest mentally. 
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Factors affecting GTT: 

1) Starvation/Ingestion of high fat diet. 

2) Exercise. 

3) Pregnancy-tolerance is decreased. 

4) Illness-stress causes decreased tolerance, so patient recovered from surgery, burns or child 

birth should be allowed 2 weeks time before the test is carried out. 

5) Physiologically decreased tolerance with age. 

6) Endocrine disorders. 

7) Drugs-certain drugs must be withdrawn before the test e.g-Oral contraceptives, thiazide 

diuretics, insulin, oral hypoglyan mic agents, salicylates etc. 

8) Liver diseases. 

Interpretation: 

The following important types of response are commonly seen: 

a) Normal Response: Fasting blood sugar is normal. After 1 hour level rises, but remain below 

the renal threshold of 180%. It returns to normal fasting level within 2 hours. 

b) Diabetic curve: Fasting level are 7.8 mmol/L (140mg dL) and 2 hour venous blood glucose of 

200mg/dl (11lmmol/L) or more are diagnostic of diabetes. Glycosuria is usually seen. 

c) Impaired GTT: 2 hours values of blood glucose between 140mg/dl and 200mg/dl are not 

abnormal and must be followed up for DM. 

d) Renal Glycosuria: Curve is normal Due to lowered renal threshold one or more samples of 

urine contain glucose. 

e) Lag storage/Alimentary Type: Fasting blood glucose is normal. Due to rapid absorption, 

maximum level is found at 30 mins which crosses 180mg/dl (80glycosuria seen) and 

hypoglycaemic levels may be reached at end of 2 hours. 

f) Flat curve of enchanced glucose tolerance : the fasting blood glucose level is normal. 

Throughout the test the level does not vary + 20mg%. 

Extended GTT: 
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In this blood samples are taken for 4-5 hrs after giving glucose to see how the curve behaves 

below the normal fasting glucose limits. Done in some conditions causing hypoglycaemia. 

Cortisone Stressed GTT: 

Can be used for detecting latent Diabetes mellitus. 

Intrevenous GTT: 

In is done if oral glucose is not tolerated or oral GTT curve is flat. In these cases 20% glucose as 

0.5g glucose/Kg body weight is infused. Blood samples are collected hourly. Usually peak 

occurs within 30 mins after infusion and returns to normal after 90 mins. 

Glycated hemoglobin 

Human Hemoglobin inside erythrocytes undergoes a non enzymatic chemical reaction with 

glucose. The rate and extant of this reaction are thought to be depended on the average blood 

glucose concentration during the life time of the erythrocytes there are several reaction 

procedure, “Glycated hemoglobin”, which collectively Hb A1. The most abundant of these is Hb 

A1c the ratio of Hb A1c or HbA1 to the total HbA concentration has been suggested as a reliable 

measure of the degree of metabolic control in diabetic patients. 

Principle and procedure: 

1. Using kit of Glycated Hemoglobin and its measurement by semi autoanalyser:   

A hemolysed preparation of whole blood is mixed continuously for 5 minutes with a weak 

binding cation-exchange resin during this time the non glycated hemoglobin, which consists of 

the bulk of the hemoglobin (HbA0) binds to the resin. After the mixing period a filter is used to 

seprate the supernatant containing the glycohemoglobin from the resin. The percent 

glycohemoglobin is determined by measuring the absorbance at 415 nm (405-420nm acceptable) 

of the glycohemoglobin fraction and the total hemoglobin fraction. The ratio of 40 the two 

absorbances gives the percent glycohemoglobin. Normal range is 6.0% to 8.3% 

2. Using GHb analyser. 

It uses low pressure cation exchange chromatography in conjunction with gradient elution to 

separate human hemoglobin sub types and variants from hemolysed whole blood. The separated 

hemoglobin fraction are monitored by means of absorption of light at 415nm the chromatogram 

obtained is recorded and stored by the onboard computer. The analyser performs the analysis of 

the chromatogram and generates a printed report. 

Expected range of Hb A1c 

Sugar – 90-150 5-0% to 7.0% 
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Sugar – 150-180 7.0% to 8.0% 

Sugar – 180-360 9.0% to 14.0%. 

 

Estimation of Serum  Iron  

Iron (Fe3+) is separated from transferrin by means of guanidinium chloride in the weakly acidic 

pH range and reduced to Fe2+ with ascorbic acid. Fe2+ then forms a colored complex with 

ferrozine. Ingested iron is absorbed primarily from the intestinal tract and is temporarily stored in 

the mucosal cells as Fen3+-ferritin, a complex of ferric hydroxide-ferric phosphate attached to 

the protein apoferritin. On demand, iron is released from the mucosal cells into the blood as 

Fe23+-transferrin in equilibrium with a very small amount of free Fe3+. Transferrin is the 

plasma iron transport protein that binds iron strongly at physiological pH levels. Iron (non-heme) 

measurements are used in the diagnosis and treatment of diseases such as iron deficiency anemia, 

chronic renal disease, and hemochromatosis (a disease associated with widespread deposit in the 

tissues of two iron-containing pigments, hemosiderin and hemofuscin, and characterized by 

pigmentation of the skin) . The concentration of serum iron reflects principally the concentration 

of ferric iron bound to serum transferrin, a protein responsible for transporting iron from the 

intestine to the cells were it is needed. 

Iron deficiency is one of the most prevalent human disorders. In adults iron deficiency is often 

symptomatic of chronic blood loss. Iron measurements are particularly beneficial when 

determining if anemia is due to iron deficiency or long term illness. Serum iron concentrations 

also appear to be decreased in acute or chronic inflammatory disorders such as acute infection, 

immunization or myocardial infarction. 

Elevated levels of serum iron are present in hemochromatosis a genetic condition where too 

much iron is present in the body. Higher than normal levels of iron are also known to occur as a 

result of blood transfusion, hepatic disease, renal disease and lead poisoning. 

Quantitative determination of iron in serum. 

a. Atomic absorption Spectrophotometry 

b. Colourimetric assay 

c. Ion Selective Electrode 

Chromophore Ferene method. 

Principle: Under acidic conditions (pH 4.5), iron bound to the protein transferrin is released in 

the presence of the reducing agent, ascorbic acid. The resulting product, Fe++, forms a blue 

complex with 3-(2-pyridyl)-5,6-bis-2-(5-furyl sulfonic acid)-1,2,4-triazine, disodium salt 

(Ferene). The absorbance of the complex, measured using a bichromatic (600, 700 nm) endpoint 

technique, is proportional to the concentration of transferrin-bound iron in the serum. 
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Estimation of Total Protein  

In alkaline solution, a colored chelate forms between cupric ions and compounds containing at 

least two -CONH2, -CSNH2, -CH2NH2 or similar groups, joined directly or through a carbon or 

nitrogen atom. In proteins, the chelate is formed between one cupric ion and about six nearby 

peptide bonds. The intensity of the color is proportional to the total number of peptide bonds 

undergoing reaction and thus to the total amount of protein present. This is similar to the biuret 

reaction. Although compounds undergoing the biuret reaction give colors ranging from pink to 

purple, the violet colors given by serum albumins and globulins are essentially the same. 

Peptides of low molecular weight are present in serum, but their concentration is too low to 

cause interference. Serum proteins perform a number of different functions in the body. In 

addition to being major structural components of cells, proteins are involved in transport, 

enzymatic catalysis, homeostatic control, hormonal regulation, blood coagulation, immunity, 

growth and repair, and heredity. Total protein measurements are used in the diagnosis and 

treatment of a variety of diseases involving the liver, kidney, or bone marrow, as well as other 

metabolic or nutritional disorders.  

Serum contains a large variety of proteins. More than hundred different proteins have been 

identified so far, and perhaps many more are yet to be identified. Albumin and the various 

globulins constitute the bulk of the total amount of proteins present in serum. The most widely 

used method is still the biuret method. (The name derives from the reaction between biuret and 

cupric ions in an alkaline medium. 

Biuret Method 

Principle: Cupric ions form chelates with the peptide bonds of proteins in an alkaline medium. 

Sodium potassium tartrate keeps the cupric ions in solution. The intensity of the violet colour 

that is formed is proportional to the number of peptide bonds which, in turn, depends upon the 

amount of proteins in the specimen. 

Reagents 

(i) Biuret Reagent – 3 mg of copper sulphate is dissolved in 500 ml of water. 9 gm of sodium 

potassium tartrate and 5 gm of potassium iodide are added and dissolved. 24 gm of sodium 

hydroxide, dissolved separately in 100 ml of water is added. The volume is made up to 1 litre 

with water. The reagent is stored in a well-stoppered polythene bottle. 

 (ii) Biuret blank – this is prepared in the same way as the buiret reagent with the difference that 

copper sulphate is not added. 

(iii) Standard protein solution – the best way is to determine the total protein concentration in 

pooled human serum by Kjeldahl method, dilute it to bring the protein concentration to the 



200 
 

desired level, say 6gm/100 ml and use it as standard. Alternatively, a 6 gm/100 ml solution of 

bovine albumin in water may be prepared and used as standard. 

Procedure: label 3 test tubes 'Unknown', 'Standard' and 'Blank', Measure 5 ml of biuret reagent 

into each. Wash 0.1 ml of serum into 'Unknown', 0.1` ml of standard protein solution into 

'Standard' and 0.1 ml of water into 'Blank'. Mix and allow to stand for 30 minutes. 

Read 'Unknown' and 'Standard' against 'Blank' at 540 nm or using a green filter. 

Note. The above procedure gives reliable results with clear and unhaemolysed specimens. If the 

serum specimen is lipaemic, icteric or haemolysed, an additional tube (Serum Blank) should be 

prepared. 0.1 ml of serum should be mixed with 5 ml of biuret blank in this tube and read after 

30 minutes against 'Blank'. Absorbance of 'Serum Blank; should be subtracted from that of 

'Unknown before calculations. 

Interpretation 

The normal range of serum total proteins is 6-8 gm/100 ml in adults. The values. Are lower in 

neonates, rise gradually in infancy and reach the adult levels in early childhood. The level 

decreases in pregnancy. A slight change occurs with posture also. The level is a little higher in 

upright posture than in recumbent posture due to shift of water from the vascular compartment 

into the interstices. 

An increase in serum total proteins occurs in dehydration due to haemoconcentration. An 

increase may also occure in multiple myeloma, macroglobulinaemia, chronic infections, chronic 

liver disease and autoimmune diseases. 

A decrease in serum total proteins may results from heavy losses of proteins in urine as in 

nephritic syndrome. Protein undernutrition, intestinal malabsorption and protein losing 

enteropathy may also lower the serum total proteins. A decrease may also occur in shock, burns, 

crush injuries, haemorrage etc. due to haemodilution. Increased breakdown of proteins, as in 

hyperthyroidism, un-treated diabetes mellitus, wasting diseases etc. may also lower the level of 

proteins in serum. 

Estimation of Serum Albumin and Globulin 

Albumin  

At the reaction pH, the bromcresol purple (BCP) in the Roche Diagnostics (RD) albumin system 

reagent binds selectively with albumin. This reaction is based on a modification of a method 

described by Doumas (4). Although BCP is structurally similar to the conventional bromcresol 

green (BCG), its pH color change interval is higher (5.2–6.8) than the color change interval for 

BCG (3.8–5.4), thus reducing the number of weak electrostatic dye/protein interactions. The 

BCP system eliminates many of the nonspecific reactions with other serum proteins as a result of 
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the increased pH. In addition, the use of a sample blank eliminates background spectral 

interferences not completely removed by bichromatic analyses.  

Albumin constitutes about 60% of the total serum protein in normal, healthy individuals. Unlike 

most of  the other serum proteins, albumin serves a number of functions which include 

transporting large  insoluble organic anions (e.g., long-chain fatty acids and bilirubin), binding 

toxic heavy metal ions, transporting excess quantities of poorly soluble hormones (e.g., cortisol, 

aldosterone, and thyroxine),  maintaining serum osmotic pressure, and providing a reserve store 

of protein. Albumin measurements are used in the diagnosis and treatment of numerous diseases 

primarily involving the liver or kidneys.  

Bromocresol Green Method 

Principle : The method is based on the protein error of indicators. Biding of a protein to an 

indicator changes its colour. Among serum proteins, only albumin binds to BCG this binding 

produces a change in the colour of BCG which is measured colorimetrically. The pH is 

maintained during the reaction by a buffer. 

Reagents 

(i) Succinate buffer - 11.8 gm of soccinic acid is dissolved in about 800 ml of water. The pH is 

adjusted to 4.0 with 0.1 N sodium hydroxide. 

The volume is made up to 1 litre with water. This solution should be stored in refrigerator. 

(ii) BCG solution - 419 mg of bromocresol green is dissolved in 10 ml of water. The solution is 

stored in refrigerator. 

(iii) Buffered BCG solution – 250 ml of BCG solutions is mixed with 750 ml of succinate buffer. 

The pH is adjusted to 4.2 with 0.1 N sodium hydroxide solution. 4 ml of Brij – 35 solution (30%) 

is added. 

(iv) Standard albumin solution – an aqueous solution of human albumin with a concentration of 

4 gm/100 ml can be prepared and used as a standard. Sodium azide should be included in this 

solution (50 mg in every 100 ml) as a preservative. Pooled human serum (preserved with sodium 

azide) or a control serum having an albumin concentration of 4 gm/100 ml can also be used as a 

standard. 

Procedure: Level 3 test tubes 'Unknown', 'Standard' and 'Blank'. Measure 4 ml of buffered BCG 

solution into each. Wash 0.02 ml of serum into 'Unknown', 0.02 ml of standard albumin solution 

into 'Standard' and 0.02 ml of water into 'Blank'. Mix and allow the tubes to stand for 5 minutes. 

Read 'Unknown' and 'Standard' against 'Blank' at 630 nm or using a red filter. 

Interpretation: 
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The normal range of serum albumin is 3.7-5.3 gm/100 ml. Serum 

globulin ranges from 1.8 to 3.6 gm/100 ml. the A:G ratio is roughly 2:1 though it may range 

from 1.2:1 to 2.5:1. Decrease in serum albumin may occur in protein undermutrition, intestinal 

malabsorption, protein-losing enteropathy, liver disease, wasting diseases, nephritic syndrome 

and haemodilution. A severe decrease or near – absence may be seen in analbuminaemia which 

is a genetic disease with autosomal recessive in-heritence. A rise in serum albumin may occur in 

dehydration due to haemoconcentration. 

Serum globulin may decrease due to haemodilution in shock, burns, haemorrhage etc. serum 

globulin increases in multiple myeloma, macroglobulinaemia, chronic liver disease, chronic 

infections and autoimmune diseases. A:G ratio may be decreased or reversed in these conditions. 

Since the colorimetric measurement of albumin is much simpler than that of globulin, the 

concentrations of total proteins and albumin are measured in serum, and globulin is obtained by 

difference. 

Estimation of Aminotransferases (Transaminases) 

1. Asparate Aminotransferase (AST) SGOT 

2. Alanine Aminotransferase (ALT) SGPT 

ALT most commonly associated with the liver.  

ALT catalyzes the transfer of an amino group from L-alanine to α-ketoglutarate, the products of 

this reversible transamination reaction being pyruvate and L-glutamate. 

AST catalyzes the interconversion of aspartate and α-ketoglutarate to oxaloacetate and 

glutamate. 

The aminotransferases are a group of enzymes that catalyse the inter conversions of the 

aminoacids and α-Keto acids by transfer of amino groups. Distinct isoenzymes of AST are 

present in the cytoplasm and mitochondria of cells. 

Method for the estimation of AST and ALT: 

Colorimatric Methods: 

Reitman & Frankel (1957), Tietz (1970), Bergmeyer & Brent (1974 b) 

Modified Reitman & Frankel Method: 

Principle: 

The amount of oxaloacetate or pyruvate produced by transamination is reacted with 2,4 

dinitrophenyl hydrazine (DNPH) to form a brown coloured hydrazone, the colour of which in 

alkaline solution is read at 520nm. 
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Reagents: 

1. Buffer substrate – For both enzymes, 100 mmol/L phosphate buffer and 2 mmol/L 2-

oxoglutarate jwith 100 mmol/L L-asparate for AST and 200 mmol/L-DL alanine for ALT. 

a. for AST-add 15.7g L-asparate monosodium salt or 13.2g Laspartic acid. 

b. for ALT-add 17.8g of DL-alanine. 

Adjust pH to 7.4 with NaOH and make up the volume to 1 Litre with distilled water. 

2. 2,4 Dinitrophenylhdrazine (DNPH)-1 mmol (200 mg)/L in lmol/L HCL. 

3. Sodium hydroxide solution 400 mmol (16g)/L. 

4. Pyruvate solution – 2 mmol/L (22mg of sodium pyruvate in 100 ml of distilled water). 

The normal range of AST = 7-21 IU 

ALT = 6-20 IU. 

Transaminases are widely distributed in human tissues. Both AST and ALT are normally present 

in human plasma, bile cerebrospinal fluid and saliva. 

Other methods of the estimation of Alanine Aminotransferase (ALT)  

α-Ketoglutarate reacts with L-alanine in the presence of ALT to form L-glutamate plus pyruvate. 

The pyruvate is used in the indicator reaction for a kinetic determination of the reduced form of  

nicotinamide adenine dinucleotide (NADH) consumption.  

The International Federation of Clinical Chemistry (IFCC) has now recommended standardized 

procedures for ALT determination, including 1)  optimization of substrate concentrations, 2) the 

use of Tris buffers, 3) preincubation of a combined  buffer and serum solution to allow side 

reactions with NADH to occur, 4) substrate start (α- ketoglutarate), and 5) optimal pyridoxal 

phosphate activation.  As a group, the transaminases catalyze the interconversion of amino acids 

and α-keto acids by transferring the amino groups. The enzyme ALT been found to be in highest 

concentration in the liver,  with decreasing concentrations found in kidney, heart, skeletal 

muscle, pancreas, spleen, and lung  tissue. Alanine aminotransferase measurements are used in 

the diagnosis and treatment of certain liver diseases (e.g., viral hepatitis and cirrhosis) and heart 

diseases. Elevated levels of the transaminases can indicate myocardial infarction, hepatic disease, 

muscular dystrophy, or organ damage. Serum elevations of ALT activity are rarely observed 

except in parenchymal liver disease, since ALT is a more liver-specific enzyme than asparate 

aminotransferase (AST). 

Elevated serum levels of AST & ALT  
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1. Liver disease: associated with hepatic necrosis, viral hepatitiselevated 

levels of AST and ALT are found even before the clinical signs and symptoms appear. 20-25 

fold elevation are encountered. 

Peak values are seen between the 7th and 12th day and values return to normal levels by 3rd to 

5th week. AST characteristically is us high or higher than AST and the ALT/AST (De Rites) 

ration which normally is <1 approaches or becomes >1. 

2. Extrahepatic cholestasis-moderate increase in the levels of AST and ALT activities is seen. 

3. Cirrhosis-Levels vary with the status of the cirrhosis. AST activity is higher than ALT activity. 

4. Primary metastatic carcinoma of the liver. 

ALT is the more liver specific enzyme although both AST and ALT are raised in liver diseases. 

II Myocardial infarction-Elevated AST level begins 3-8 hrs after the onset of the attack and 

returns to normal within 3-6 days peak is seen 24 hrs after the onset. ALT levels are within 

normal limits or only marginally increased. ALT increases in liver damage secondary to heart 

disease. 

AST raised levels are seen in 

- Dermatomyositis 

- Pulmonary emboli 

- Acute pancreatitis 

- Crushed muscle injuries. 

- Gangrene 

- Haemolytic diseases 

Others-Both AST and ALT levels may be elevated following 

- Intake of alcohoal 

Delirium tremens and after administration of drugs such as opiates, salicylates or ampicillin. 

Estimation of Serum Alkaline Phosphatase 

Enzymatic Method (Hydrolysis of p-nitrophenylphosphate) 

In the presence of magnesium ions, p-nitrophenylphosphate is hydrolyzed by phosphatases to 

phosphate and p-nitrophenol. The rate of p-nitrophenol liberation is proportional to the ALP 
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activity and can be measured photometrically. Increased ALP activity is associated with two 

groups of diseases: those affecting liver function and those involving osteoblastic activity in the 

bones. In hepatic disease, an increase in ALP activity is  generally accepted as an indication of 

biliary obstruction. An increase in serum phosphatase activity is associated with primary 

hyperparathyroidism, secondary hyperparathyroidism owing to chronic renal disease, rickets, and 

osteitis deformans juvenilia due to vitamin D deficiency and malabsorption or renal tubular 

dystrophies. Increased levels of ALP are also associated with Von Recklinghausen's disease with 

bone involvement and malignant infiltrations of bone. Low levels are associated with  

hyperthyroidism, and with the rare condition of idiopathic hypophosphatasia associated with 

rickets  and the excretion of excess phosphatidyl ethanolamine in the urine. 

King & King Method 

Alkaline phosphatase is present in practically all tissues of the body. It occurs at high levels in 

the intestinal epithelium, kidney tubules, bone (osteoblasts), liver and placenta. The relative 

contributions of bone and liver isoenzymes to the total activity are makedly age-dependent. 

There is also a significant difference in levels of serum alkaline phosphatase between different 

sexes of same ages. 

Principle: The serum is incubated with the buffer substrate under optimum, conditions of 

temperature and pH to release phenol. This reacts with 4- 

animoantipyrine in alkaline medium to give a red coloured compound which is estimated at 

520nm against a reagent blank. Colour development is rapid and is stable for at least an hour 

sodium hydroxide is added immediately after incubation to raise the pH and stop the reaction. 

Potassium ferricyanide is the oxidising agent. Sodium Bicarbonate provides the alkaline 

medium. 

Reagents: 

1. Substrate (Disodium phenyl phosphate – 100 mmol/L): Dissolve 

2.18g (or 2.541g of the dehydrate) in water and make the volume to a liter. Bring quickly to boil; 

cool; add 4ml of chloroform and keep in the refrigerator. 

2. Buffer (Sodium carbonate-sodium bicarbonate, 100 mmol/L): 

Dissolve 6.36g anhydrous sodium carbonate and 3.36 g of sodium bicarbonate in water and make 

the volume to a liter. 

3. Buffer substrate for use-Mix equal volumes of Reagent 1 and Reagent 

2. This has a pH of 10. 
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4. Stock standard phenol solution (1 g/L) – Dissolve 1 g of pure crystalline phenol in 100 

mmol/L of HCL (8.4ml in 1 litre of d. water) and make to a liter with the acid. Keep in a brown 

bottle at 4oC. 

5. Working standard phenol solution (1mg/100ml) Dilute the stock standard – 1 to 100. 

6. Sodium hydroxide solution – 500 mmol/L (20 g/L) 

7. Sodium Bicarbonate solution – 500 mmol/L (42 g/L) 

8. 4-Aminoantipyrine – 6 g/L. in water. Store in a brown bottle. 

9. Potassium Ferricyanide – 24 g/L in d. water. Store in a brown bottle. 

Interpretations: 

The normal range of serum alkaline phosphatase activity is 3-13 KA units in adults and is up to 

about two and a half times greater in children particularly during periods of active growth. 

1. Increase in levels of serum alkaline phosphatase: 

Physiological: 

i. Children – during periods of bone growth. 

ii. Puberty 

iii. Pregnancy – third trimester-due to the isoenzyme of placental origin. 

Pathological: 

(A) Bone Diseases:Activity is increased when osteoblasts are more actively laying down osteoid. 

i. Rickets – marked increase upto 100 KA units is seen. Levels fall upon treatment with Vitamin 

D. 

ii. Osteomalacia – there is an increase but not as marked as in case of rickets. 

iii. Paget's disease (Osteitis deformans)- The highest levels of serum alkaline phosphatase 

activity are encountered. Values range from 10-25 times the upper limit of normal. 

iv. Osteogenic Sarcoma 

v. Secondary deposits in bone- particularly in the case of carcinoma of the prostate. Small 

increases may sometimes be seen in breast cancer and secondaries from thyroid, pancress and 

stomach. 

vi. Healing of bone fractures = Transient elevation seen. 
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(B) Liver Disease :- The response of the liver to any form of biliary obstruction is t) synthese 

more alkaline phosphatase. The main sites of new enzyme synthesis are the hepatocytes. 

d. Aspartate Aminotransferase (AST)  α-Ketoglutarate reacts with L-aspartate in the presence of 

AST to form L-glutamate plus oxaloacetate. The indicator reaction uses the oxaloacetate for a 

kinetic determination of NADH consumption. The International Federation of Clinical 

Chemistry (IFCC) has now recommended standardized procedures  

for ALT determination, including 1) optimization of substrate concentrations, 2) the use of Tris 

buffers, 3) preincubation of a combined buffer and serum solution to allow side reactions with 

NADH to occur,  4) substrate start (α-ketoglutarate), and 5) optimal pyridoxal phosphate 

activation.  

As a group, the transaminases catalyze the interconversion of amino acids and α-keto acids by 

transferring the amino groups. The enzyme AST has been demonstrated in every animal and 

human tissue studied. Although the enzyme is most active in the heart muscle, significant 

activity has also been seen in the brain, liver, gastric mucosa, adipose tissue, skeletal muscle, and 

kidneys of humans.  

AST measurements are used in the diagnosis and treatment of certain types of liver and heart 

disease. AST is present in both the cytoplasm and mitochondria of cells. In cases involving mild 

tissue injury, the predominant form of serum AST is from the cytoplasm, with smaller amounts 

from the mitochondria. Severe tissue damage results in more of the mitochondrial enzyme being 

released.  

Elevated levels of the transaminases can signal myocardial infarction, hepatic disease, muscular 

dystrophy, or organ damage.  

Estimation of Enzymes in diagnosis of Myocardial infraction 

Three enzymes are commonly used in the diagnosis and follow-up of the MI. these are: 

• Creatinine kinase (CK) 

• Aspartate aminotransferase (AST) 

• Lactate dehydrogenase (LDH). 

Creatinine kinase levels rise rapidly in serum peaking at 24h., with slower rises being shown by 

AST and LDH. 

Creatine kinase 

CK is also released from damaged skeletal muscle. Although the predominant isoenzyme in 

cardiac muscle cells is the same as that in skeletal muscle (CK-MM), heart cells contain another 
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CK isoenzyme, CK-MB. This isoenzyme is a more specific indicator of cardiac muscle damage, 

and is increasingly used (rather than total CK) in the investigation of MI. 

Aspartate and alanine aminotransterases 

AST release is not specific to MI. but is also found in many acute pathologies affecting the liver 

and skeletal muscle. The enzyme alanine aminotransferase (ALT) is sometimes measured as part 

of the 'cardiac enzyme' profile of test ALT is found in high concentration in liver rather than 

muscle, and normal ALT in the face of a raised AST confirms that liver pathology is not 

contributing to the raised enzyme levels. 

Approximately 25% of patients with pulmonary embolus, which features in the differential 

diagnosis of MI and which may or may not cause chest pain, show a raised AST concentration, 

and most also show an elevated LDH. 

Lacate dehydrogenase 

Like the other enzymes used in the diagnosis of MI. LDH. Is not specific to cardiac muscle, 

being found in liver and red cells. Although there is a measurable difference between the LDH1. 

Iosenzyme in heart and the LDH5, isoenzyme in liver, the red cells can also release LDH1. blood 

for LDH measurement must therefore not be allowed to remain unseparated before analysis, or in 

vitro haemolysis will invalidate the LDH measurements. 

Commercially available kits are now available for the detection of these enzymes which can be 

assessed by semi and fully automatic analysers.This enzyme converts lactate and NADH to 

pyruvate and NADH respectively. The rate at which NADH is formed is determined by the rate 

of absorbance and is directly proportional to enzyme activity. LDH measurements are used in the 

diagnosis and treatment of liver diseases such as acute viral hepatitis, cirrhosis, and metastatic 

carcinoma of the liver; cardiac diseases such as myocardial infarction; and tumors of the lungs or 

kidneys. 

Gamma Glutamyltransaminase (γ-GT)  

In this rate method, L-γ-glutamyl-3-carboxy-4-nitroanilide is used as a substrate and 

glycylglycine as a acceptor. The rate at which 5-amino-2-nitrobenzoate is liberated is 

proportional to γ-GT activity and is measured by an increase in absorbance. γ-GT measurement 

is principally used to diagnose and monitor hepatobiliary disease. It is currently the most 

sensitive enzymatic indicator of liver disease, with normal values rarely found in the presence of 

hepatic disease. It is also used as a sensitive screening test for occult alcoholism. Elevated levels 

are found in patients who chronically take drugs such as phenobarbital and phenytoin.  

 

Estimation of Serum Calcium 
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Calcium is present in serum in three forms – calcium bound to proteins, calcium bount to other 

organic substances, e.g. citrate, and ionized calcium. 

Most of the physiological functions of calcium depend upon the ionized fraction, but for routine 

work only total calcium in serum is estimated. 

Calcium is the fifth most abundant element in the body. Most of the calcium in the human adult 

is extracellular and 99% of it exists as crystalline hydroxyapatite in bones and teeth where it 

confers rigidity. Calcium exists in the serum in three forms: protein-bound (45%); ionized (45%) 

and 10% is complexed with small diffusable ligands such as citrate, lactate, phosphate and 

bicarbonate. 

It plays a major role in the mechanisms of nerve impulse transmission, muscular contraction and 

blood coagulation. Calcium is also involved in regulating the activity of adenylate cyclase and 

phosphodiesterase through reversible combination with calmodulin. Secretion from the 

parathyroid glands, thyroid C cells and pancreatic B cells is controlled by the extracellular 

ionized calcium concentration at the cell surface. 

Calcium levels in the blood are useful in monitoring and diagnosing several conditions relating 

to the bones, heart, nerves and kidneys. Elevated levels of serum calcium (hypercalcemia) are 

usually caused by hyperparathyroidism and cancer especially if the cancer has spread to the 

bones. Elevated levels are also seen in kidney transplant patients, in cases of vitamin D overdose, 

tuberculosis, hyperthyroidism and are of diagnostic value in detecting chronic renal disease and 

acute pancreatic disease. Measurement of calcium is used in the diagnosis and treatment of 

parathyroid disease, a variety of bone diseases, chronic renal disease and tetany (intermittent 

muscular contractions or spasms).  

Although more than 99% of body calcium exists in bones and teeth, it is the calcium in blood 

which is of most concern clinically. The bones serve as a reservoir to maintain relative constancy 

of serum calcium by releasing calcium when required to prevent hypocalcemia and trapping 

calcium to prevent excessively high levels of serum calcium. The uptake and release of calcium 

from bone is under the control of parathyroid hormone.  

The percentage of ingested calcium absorbed decreases as the dietary calcium content increases, 

and so the amount absorbed can remain relatively constant. The slight increase in absorption that 

occurs on a high-calcium diet is reflected in an increased renal excretion.  

Serum calcium exists in three forms: 1) free calcium ion, Ca2+, 50%, 2) protein bound calcium, 

45% and 3) complexed calcium, mainly with citrate, 5%. The ionized calcium is physiologically 

most significant but has proven difficult to assay directly. It may be estimated from total calcium 

given knowledge of the protein content and pH of the blood which strongly affect the level of 

ionized calcium. Levels of calcium are roughly inversely proportional to phosphorus levels.  
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Calcium ions are important in the transmission of nerve impulses, as a cofactor in several 

enzyme reactions, in the maintenance of normal muscle contractility, and in the process of 

coagulation. A significant reduction in calcium ion concentration results in muscle tetany. A 

higher than normal  concentration of calcium ions produces lowered neuromuscular excitability 

and muscle weakness along with other more complex symptoms.  

In disease, calcium concentration may be either higher or lower than normal. Normal levels are 

highest in children and decline gradually throughout life. Variations in serum calcium may be 

due to disease of the parathyroid gland, bone disease, defective absorption of calcium from the 

intestine, kidney disease, multiple myeloma and various other abnormalities.Low levels of serum 

calcium (hypocalcemia) are associated with hypoparathyroidism, vitamin D deficiency, low 

protein levels, magnesium deficiency, bone disease, alcoholism, malnutrition and renal failure. 

Calcium reacts with o-cresolphthalein complexone in the presence of 8-hydroxyquinoline-5-

sulfonic acid to form a purple complex. The intensity of the final reaction color is proportional to 

the amount of  calcium in the specimen.  

Elevated total serum calcium levels are associated with idiopathic hypercalcemia, vitamin D 

intoxication, hyperparathyroidism, sarcoidosis, pneumocystic carinii pneumonia and blue diaper  

syndrome. Low calcium levels are associated with hypoparathyroidism, 

pseudohypoparathyroidism,  chronic renal failure, rickets, infantile tetany, and steroid therapy.  

Quantitative determination of calcium in serum  using o-cresolphthalein complexone 

(OCPC) reaction originally reported by Schwartzenbach, et al. 

Methodology/Principle 

The calcium method is a modification of the calcium o-cresolphthalein complexone (OCPC) 

reaction originally reported by Schwartzenbach, et al. Stern and Lewis later adapted this reaction 

to a colorimetric calcium assay. Connerty and Briggs demonstrated the use of 8-quinolinol to 

reduce magnesium interference, and Sarkar and Chauhan reported the use of this procedure for 

serum calcium without protein precipitation. This method incorporates the use of 8-quinolinol to 

reduce magnesium interference and glycine buffer for pH control. 

This Calcium oCPC procedure is based on calcium ions (Ca2+) reacting with o-cresolphthalein 

complexone in an alkaline solution to form an intense  violet colored complex which maximally 

absorbs at 577 nm.2,38-Hydroxyquinoline is added to remove interference by magnesium and 

iron. In this method the absorbance of the Ca-oCPC complex is measured bichromatically at 

570/660 nm. The resulting increase in absorbance of the reaction mixture is directly proportional 

to the calcium concentration in the  sample.  

Reagents 

Final concentration of reactive ingredients:  
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Ethanolamine (pH 10.6) 0.375 mol/L 

o-Cresolphthalein-complexone 82.0 µmol/L 

8-Hydroxyquinoline 7.16 mmol/L 

Hydrochloric acid 27.75 mmol/L 

 Method of Clark and Collip 

A convenient and commonly used 

Principle: 

Serum is treated with ammonium oxalate to precipitate calcium as calcium oxalate. The 

precipitate is washed with ammonia to remove excess oxalate and then treated with sulphuric 

acid to convert calcium oxalate into oxalic acid. The latter is titrated with standard potassium 

permanganate. 

Reagents: 

1) Ammonium oxalate, 4% - 4 gm of ammonium oxalate is dissolved in water and diluted to 100 

ml. 

2) Ammonia, 2% - 2 ml of conc. ammonia (S.G. 0.880) is diluted to 100ml with water. 

3) Sulphuric acid, 1 N-28 ml of conc. sulphuric acid is diluted to 1,000ml with water. 

4) Stock potassium permanganate, 0.1 N-3.158 gm of potassium 

permanaganate is dissolved in water and diluted to 1,000 ml. This is allowed to stand for one 

week and then filtered through asbestos. 

5) Potassium permanganate, 0.01 N-10 ml of 0.1 N potassium permanganate is diluted to 100 ml 

with water and standardized against 0.01 N sodium oxalate. 1 ml of 0.01 N potassium 

permanaganate is equivalent to 0.2 mg of calcium. 

6) Sodium oxalate, 0.01 N-0.67 gm of sodium oxalate is dissolved in water. 5 ml conc. sulphuric 

acid is added. The volume is made up to 

1,000 ml with water (1 ml of 0.01 N sodium oxalate = 1 ml of 0.01 N potassium permanganate. 

 

Principle of Operation of the Calcium Ion Selective Electrode 
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A Calcium ISE has a PVC membrane which is impregnated with an organic molecule which 

selectively binds and transports Ca2+ ions, and contains an internal solution with a fixed 

concentration of calcium chloride - added to the KCl / AgCl solution of the internal reference 

system. (Note that in modern all-solid-state ISEs the internal "solution" is in a solid form). 

Initially when this electrode is immersed in a sample solution containing Ca2+ ions, the potential 

difference across the membrane is zero - because there are, on both sides of the membrane, 

solutions where the electrical charges are balanced (i.e. they contain equal numbers of cations 

and anions). But very soon after immersion, calcium ions will start to diffuse across the 

membrane, from the side with the higher calcium concentration to the side with the lower 

calcium concentration. (NB: for the purposes of this explanation it is convenient to assume that 

the flow of ions is from the test solution into the ISE.) 

 

As the positive calcium ions are transported across the membrane by the diffusion pressure, there 

is a build up of positive charge (cations) on the inside of the membrane and a corresponding 

increase in negative charge (anions) outside. These charges on the membrane surface mean that 

an electrical potential difference is established across the membrane. This potential difference 

causes the calcium ion migration to slow down and finally stop when the diffusion pressure due 

to the difference in concentration is exactly balanced by the electric field effects due to the fact 

that similarly charged particles repel one another. The potential difference at equilibrium is 

called the membrane potential. 

 

Inside the ISE, the build up of positive charge at the membrane surface causes silver ions in the 

internal reference system to lose their charge (by receiving electrons from the silver wire) and be 

deposited on the wire. Thus electrons are drawn through the external wiring from the meter and 

thence from the external reference electrode. Here, chloride ions are attracted to the silver 

chloride-coated wire and give up their electrons by combining with silver atoms in the wire, and 

potassium ions flow out into the sample solution through the porous frit (labelled liquid junction 

in the diagram) to compensate for the positive charge deficiency caused by the loss of calcium. 

 

At equilibrium, the electron flow ceases, i.e. there is no current, - but there are residual voltage 

differences at each metal-liquid, solid-liquid, solid-solid and liquid-liquid junction - in addition 

to the membrane potential and the reference electrode stable voltage. The measured potential 

difference, (in millivolts) is the sum of all these potentials. In theory, during calibration with 

standard solutions of known concentration, and during sample measurement, only the membrane 

potential is changed so that the other voltages can be ignored. In practice some of these vary a 

little - particularly at the porous frit (liquid junction) of the reference electrode - and are one of 

the sources of error in ISE measurements. 
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Interpretation: 

Serum calcium varies from 9 – 11 mg/100 ml in healthy persons. The product of serum calcium 

and serum inorganic phosphorus is around 40 in adults and 50 in children. A change in the 

concentration of one is usually accompanied by an opposite change in the concentration of the 

other. 

A rise in serum calcium is seen in hyperparathyroidism, hypervitaminosis D, multiple myeloma, 

extensive metastatic involvement of bones, sarcoidosis, idiopathic infantile hypercalcaemia, milk 

and alkali syndrome, and polycythaemia. Serum calcium decreases in hypoparathyroidism, 

rickets, osteomalacia, steatorrhoea, nephritic syndrome, renal failure, acute pancreatitis and 

starvation. In rickets, the product of serum calcium and phosphorus decreases, usually bellow 30. 

Evaluation: Giving exercise of serum Calcium. 

Estimation of Serum Phosphorus (Inorganic) 

Phosphorus is present in blood as inorganic phosphate and in combination with several organic 

compounds including carbohydrates, lipids and nucleotides. Inorganic phosphorus is present 

mainly in serum. Two methods are described below for its estimation.. More than 80% of the 

body's phosphorus is present in the bones as calcium phosphate. The remainder is involved in the 

intermediary metabolism of carbohydrates and is a component of such physiologically important 

substances as phospholipids, nucleic acids, and ATP. Phosphorus is present in blood as inorganic 

and organic phosphates, nearly all the latter residing in the erythrocytes. The small amount of 

extracellular organic phosphate exists almost exclusively in the form of phospholipid; the 

remainder of serum phosphorus is present as inorganic phosphate. There is a reciprocal 

relationship between serum calcium and inorganic phosphorus. Any increase in the level of 

inorganic phosphorus causes a decrease in the calcium level by a mechanism not clearly 

understood. Hyperphosphatemia is associated with vitamin D hypervitaminosis, 

hypoparathyroidism, and renal failure. Hypophosphatemia is associated with rickets, 

hyperparathyroidism, and Fanconi syndrome. Measurements of inorganic phosphorus are used in 

the diagnosis and treatment of various disorders, including parathyroid gland and kidney diseases 

and vitamin D imbalance.  

 

a. Method of Fiske and Subbarow 

Principle: 

Serum is deproteinized with trichloracetic acid. Protein-free filtrate is treated with acid 

molybdate which combines with phosphate to form phosphomolybdic acid. This is reduced by 1, 

2, 4-aminonaphtholsulphonic acid to blue coloured phosphomolybdous acid (molybdenum blue). 

The intensity of the colour is measured colorimetrically. 
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Reagents: 

1) Trichloracetic acid, 10% - 10 gm of trichloracetic acid is dissolved in water and dilute to 100 

ml. 

2) Molybdate reagent – 25 gm of ammonium molybdate is dissolved in 200ml of water and 

added to 300 ml of 10 N sulphuric acid. The volume is made up to 1,000ml with water. 

3) Aminonaphtholsulphonic acid – 59.5 gm of sodium bisulphate and 2 gm of anhydrous sodium 

sulphite are dissolved in water and dilute to 

250ml. 1 gm of recrystallized 1, 2, 4-aminonaphtholsuphonic acid is dissolved in the above 

solution and dilute to 400 ml with water. 

4) Stock standard phosphorus solution – 0.351 gm of potassium dihydrogen phosphate is 

dissolved in water. 10 ml of 10 N sulphuric acid is added. The volume is made up to 1,000 ml 

with water. 5 ml of this solution contains 0.4 mg of phosphorus. 

5) Working standard phosphorus solution – 5 ml of the stock standard phosphorus solution is 

dilute to 100 ml with 10% trichloracetic acid. 5ml of this solution contains 0.02 mg of 

phosphorus. 

Procedure: 

Measure 9 ml of 10 % trichloracetic acid in a test tube. Add 1 ml of serum drop by drop with 

constant shaking. Filter. Transfer 5 ml of the filtrate to a tube labeled 'Unknown'. Pipette 5 ml of 

the working standard phosphorus solution into a tube labeled 'Standard' and 5 ml of 10% 

trichloracetic acid into a tube labeled 'Blank'. To each tube, and 3.6 ml of water. Mix after each 

addition. Let the tubes stand for 5 minutes. 

Read 'Unknown' and 'Standard' against 'Blank' at 680 nm or using a red filter. 

Interpretation: 

The normal range of serum inorganic phosphorus is 2.5 – 4.5 mg/100 ml in adults and 4 – 6 

mg/100 ml in children. Serum inorganic phosphorus rises in hypervitaminosis D, 

hypoparathyroidism, renal failure and during healing of fractures. Serum inorganic phosphorus 

falls in rickets, osteomalacia, steatorrhoea, hyperparathyroidism, fanconi syndrome, renal tubular 

acidosis and after injection of insulin. 

b. UV Method of estimation of Inorganic phosphorus 

Inorganic phosphorus reacts with ammonium molybdate in an acidic solution to form ammonium 

phosphomolybdate with a formula of (NH4)3, PO4 (MO3). The ammonium phosphomolybdate is 
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quantified in the ultraviolet range (340 nm), through the use of a sample-blanked endpoint 

method 

Blood Gas Analysis 

The homeostatic mechanism of the body is governed largely by the acid base and electrolyte 

balance Blood gases and pH are determined electrochemically by the blood gas analyzer. The 

clinical significance PO2 determination is to assess the oxygen carrying capacity of the Hb. An 

elevated PO2 may be related to decreased oxygen affinity of Hb, low plasma pH and high PCO3. 

The blood gas analyser is designed to quantitatively determine 125 μl of blood sample for pH, 

PCO PO2 and Hb by means of electrode and a potentiometer. On the basis of these it can 

(calculate addition parameters i.e. plasma HCO2. Std HCO2 actual base excess, std. base excess, 

total CO2 oxygen saturation and oxygen content in the blood so pH or blood gas parameters of 

whole blood, plasma or expired is calculated. In some instruments a single blood sample is in 

contact with pH, PCO2 and PO2 electrodes simultaneously. In others the electrodes are in contact 

with separate sub samples. 

Capillary samples in addition to arterial blood samples are suitable. 

Sample required in 50 μl More accurate results are obtained using arterial blood collected with 

small amount of heparin (1 mg/ml) as anticoagulant and read as soon as possible. If necessary 

blood is stored at 0.4oC. 

Calibration: Primary stds. for pH measurement are phosphate buffers of pH 6/8 and pH 7.3—

PCO2 the primary calibrating standards are gas mixture of known CO2 content after 5% of 10% 

PO2 electrolytes is also calibrated using two gases of known composition. An oxygen mixture of 

12% or 20% is commonly used for higher level and nitrogen (oxygen free) for the others. Again 

the gases must humidified and the PO2 calculated. PO2 electrodes respond differently to 

dissolved and gaseous O2. 

a) Actual Bicarbonate: this can be calculated for pH and PCO2 using Henderson Hasselbach 

equation. 

b) Standard Bicarbonate: It is HCO3 in plasma from whole blood which has been equilibrated at 

37oC at PCO2 of 40mm Hg and with O2 to give full saturation of Hb. 

c) Base exess: Is defined as titrable base on titration to normal pH (7.4) at normal PCO2 (40mm 

H and normal temperature (37oC) and is expressed in mmol/L. It is positive if there is actual 

excess base or defecit of acid. 

d) Total CO2: Total Co2 is that liberated from dissolved CO2 and HCO3 present in plasma when 

blood drawn anaegrobically and not further treated. This method relies on the colour change of 
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an indicate in a carbonate-bicarbonate buffer following the release of CO2 on acidification of the 

sample. 

Reference Values: 

Base excess of the blood is – 2.3 to 2.3mmol/L. 

Actual bicarbonate 24-32 mmol/L. 

Std. bicarbonate 22 4-25.8 mmol/L. 

Arterial PCO3=34-45mmol Hg Or 1.02-1.35mmol/Lt 

pH=7.36-7. When the sample light turns on open the flap and inject the sample by pressing the 

aspirator button. The ready light turns on and flapis closed. Details of sample are fed with the 

help of key board i.e. Body temp in centigrades, arterial/venous blood and identification of 

patient. Wait for the machine to get results on the screen. 

Bicarbonate (HCO3) by Phosphoenolpyruvate method 

Bicarbonate reacts with phosphoenolpyruvate (PEP) in the presence of PEPC to produce  

oxaloacetate and phosphate. This reaction occurs in conjunction with the transfer of a hydrogen 

ion from NADH to oxaloacetate using MDH. The resultant formation of NAD causes a decrease 

in absorbance in the UV range (320–400 nm). The change in absorbance is directly proportional 

to the concentration of bicarbonate in the sample being assayed.  Bicarbonate is the second 

largest fraction of the anions in plasma. Included in this fraction are the bicarbonate (HCO3) and 

carbonate (CO3-2) ions and the carbamino compounds. At the pH of blood, the ratio of 

carbonate to bicarbonate is 1:1000. The carbamino compounds are also present, but are  

generally not mentioned specifically. The bicarbonate content of serum or plasma is a significant  

indicator of electrolyte dispersion and anion deficit. Together with pH determination, 

bicarbonate  measurements are used in the diagnosis and treatment of numerous potentially 

serious disorders  associated with acid-base imbalance in the respiratory and metabolic systems. 

Precautions : 

1. Arterial blood is to be used. Capillary blood is similar to arterial. 

However, it cannot be assumed to be so if circulation is poor. If hands are cold warm them to 45-

50oC for at least 4 minutes, before taking the sample. 

2. Blood must not be exposed to air. This can be avoided when 

collecting directly into capillary tubes. 

3. Fear and painful arterial puncture may induce hyperventilation. 
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4. In hyporthermia a correction can be made for low body temp. the 

measurements are made at 37oC then, if T is the actual body temp. 

pH at ToC = pH at 37oC + 0.014 (37-T) 

 

Type of possible acid base disturbances : 

(b) Metabolic acidosis :- Primary decrease in HCO3 arise either from 

increased production of acids or decreased removal of acids which 

deplete HCO3. 

- Common causes are : 

- Deabetic Ketoaoido is. 

- Mild Ketoacidosis. 

- Lactic Acidosis. 

- Chronic renal failure and renal tubular acidosis Type I 

- Ingestion of NH4Cl produces acidosis since NH3 gets coverted to urea 

liberating H+ which neutralize HCO3. 

- In watery diarrehoea and in patients with intestinal billiary or 

pancreatic fistula and renal tubular acidosis type II direct loss of 

HCO3 Is there. 

Respiratory acidosis :- Increased PCO2 arises when there is impaired 

excretion of CO2 or form breathing and rebreathing air containing CO2. 

- It may occur in chronic lung disease that may be primary or secondary 

to some heart condition. Common causes are chronic bronchitis, 

pulmonary fibrosis or acute form of bronchial asthama. 

Metabolic alkalosis : Primary increase in plasma HCO3 is due to 

accumulation of base or loss of acid other than H2CO3. This can occur if, 
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excessive dose of NaHCO3 is given in the treatment of metabolic acidosis or 

with massive blood tansfusion with blood containing sodium citrate. 

Respiratory alkalosis :- The primary decrease in PCO2 is due to excessive 

ventilation. This occurs physiologically at high altitude. The stimulus is 

oxygen lack but it can be produced by excessively rapid and deep respiration 

in normal persons. Clinically seen in patients with 

- Encephalitis 

- Hysterical attacks 

- Fevers with septicaemia 

- Cerebral tumors 

- Salicylate poisoning 

Tetany may also develop in alkalosis and when there is reduced ionized Ca3 

+ 

proportion of ionized Ca2 

+ falls as pH rises. 

Combined respiratory and Metabolic acidosis causes are : 

- Cardiac failure 

- Sever barbiturate poisoning 

- Respiratory distress in new borne. 

This occurs when there is profound circulatory failure leading to severe 

hyposia. PCO3 increases because of depressed respiration while formation 

of latic acid in tissue neutralizes HCO3. 

Combined respiratory and metabolic alkalosis: 

Salicylates may cause vemitting and sufficient acid may be lost from stomach to produce 

alkalosis which has both respiratory and metabolic component. It may develop during treatment 

of primary respiratory acidosis. In salicylate poisoning poisoning respiration is stimulated so that 
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PCO3 falls while an accompanying primary metabolic acidosis produces a fall in HCO3. the two 

changes may counteract each other causing little change in pH if at all. 

Examination of Cerbrospinal Fluid (CSF) 

CSF is formed as an ultra filterate of the plasma by the choroids plexuses of the brain. The 

process is not one of simple filtration since active secretory processes are involved. The normal 

fluid is watery clear, with a specific gravity of 1.003 to 1.008. the chemical determinations most 

frequently of value in the examination of CSF are those of protein, chloride and sugar. 

Physical Examination 

1) Colour - Normally CSF is colourless 

2) Appearance - Note the appearance of CSF i.e. turbidity, suspension etc. 

Chemical Examination – 

 Estimation of Protein in CSF 

 Estimation of chlorides in CSF 

 Estimation of sugar in CSF 

The CSF sample is treated directly like protein free filterate of blood. 

Rinse all the glass ware with distilled water. Take CSF 1ml. in a test tube. Dish add 5% 

potassium chromate 5 drops. Titrate against std. AgNo3 (0.29%) End point Lemon Yellow to 

Bolt Red coloured precipitate Reading in ml. x 1000 = mg% chloride. CSF chloride estuation can 

also be done directly as other tests using standard units by calorimetric estuation. 

Clinical Interpretation: 

Constituents 'ormal range Clinical condition in with variations may be found. 

Sugar 60-65 mg/100 ml Raised in encephalitis CNS syphilis, abscesses, tumors, diabetes, 

Lowered in purulent meningitis. 

Protein 

Conditions 20-40 mg/100 ml Raised in inflammatory meningitis, syphilitic Froin's Syndrome, 

various diseases of the brain (Neurosyphillus encephalitis, abscess, tumors) 

Chlorides 700-750 mg/100 ml 

(Expressed as NaCl)  

or 120-127 mEq/L. 

Raised in nephritis, Lowered in meningitis particularly 
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tuberculous meningitis. 

Colour 

In pathological conditions it tums to various colours 

i) In severe obstructive jaundice – Yellow colouration 

ii) Due to obstruction and hemorrhage in subarachnoid space – Yellow 

colouration due to conversion of Hb to bilirubin. 

iii) Yellow colouration of CSF is called as Xanthochromia. 

iv) In pueumococal meningitis – greenish colouration. 

v) Reddish colouration of CSF obtained due to traumatic injury of subarachnoid space. 

vi) Obstruction and spinal tumour – erythrochromia (reddish colour) 

Appearance – 

In various of meningitis, due to tremendous increase in cells, CSF turns 

coloudy, turbid is possibility of presence of fibrinogen which turns into fibrin clot on standing. 

All these estimations can be done by using kits. 

Serum Amylase 

Method : Caraway 

Amylase is a hydrolytic enzyme which hydrolyses starch into maltose. If present in saliva and 

pancreatic juice where it is secreted by parotid glands and pancreas respectively. Small amounts 

of leak into circulation due to where and tear of cells in these glands. The circulating enzyme is 

excreted by the kidneys into urine. Therefore, only a small amount of amalyse in present in 

serum normally. 

Principle: 

Serum is incubated with starch substrate. The amylase in the serum hydrolyses the starch to 

simpler units with a resulting increase in reducing groups. In the method presented here iodine is 

added which reacts with the starch molecules not hydrolysed by the amylase. The iodine-starch 

complex is blue in colour and is measured in the spectrophotometer. The degree of loss in colour 

is proportional to the amount of starch hydrolysed and hence to the activity of the amylase in the 

serum. A substrate control is carried though the procedure to give a reference value for the 

amount of starch substrate present before hydrolysis. 
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103 

Procedure 

1. Pipette 5 ml of substrate into two 50 ml volumetric flasks. 

2. Place the 'test' flask into a 34oC water bath for 5 minute to warm the contents. 

3. Using a pipette that deviloers between two marks add 0.1 ml of serum to the 'test' flask and 

mix. Do not use blow out pipettes as the smallest amount of saliva can give a large error. 

4. Time the addition of serum using a stop watch. 

5. After exactly 7.5 minutes add 5 ml or working iodine solution, mix and immediately remove 

from the water bath. 

6. Similarly add 5 ml of the working iodine solution to the flask containing the 'substrate control', 

which has not been incubated. 

7. Dilute the contents of both flasks to the 50 ml mark with distilled water and mix the flasks 

well. 

8. Read the absorbance of both against water using the large (19 mm) cuvettes at 660 nm. 

Calculation 

Absorbance of substrate control – absorbance of test x 800 

Absorbance of control = units of amylase activity per 100 ml of serum. 

In the result is greater than 400 units per 100 ml, repeat the test using 0.1 ml of a 1 in 5 dilution 

of the serum or 0.02 ml of undiluted serum. 

An amylase units is defined as the activity that catalyses the conversion of 10 mg of starch 

substrate to non-iodine reacting product in 30 minutes under the condition of the assay. 

(a) Since the test is incubated for 7.5 minutes multiply by '4' to estimate for 30 minutes. 

(b) Since the 5 ml of starch substrate solution added only contain 2 mg of starch divide by '5' to 

estimate the activity that would be indicated if 

10 mg of starch were present. The activity would be less if there was more substrate to work 

upon, thus the need to divide. 

(c) Only 0.1 ml or serum is used in the assay but the activity is reported per 100 ml. thus 0.1 

must be multiplied by 1000 to give 100 
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i.e. 4/5 x 1000 = 800 

Precautions and sources of error. 

1. SALIVA. 

Saliva has a very high content of amylase. Even the slightest contamination of the test with 

saliva will give large errors. As a precaution special care must be taken during pipetting. Never 

use blow out pipettes. If possible use automatic pipettes or dispensers or cotton plugs in the 

pipettes. When the same sample is for other test, that for amylase must be taken first since 

pipetting for the other tests could give salivary contamination. 

2. SUBSTRATE 

Unless the starch substrate is carefully prepared and stored, mold of fungus may glow. If the 

temperature is too low the starch may come out of 'solution' giving cloudiness. Contamination 

with saliva is a common cause of substrate unsuitability. Any of these defects show up by 

variation in the 'substrate control' reading. 

3. E'ZYMES 

The precautions which apply to enzyme assays in general with regard to time, pH, temperature, 

substrate concentration etc. apply to this assay for amylase activity. 

4. PRECIPITATE 

The final blue colour is really due to a fine suspension of blue particles in water rather than a true 

solution. Care must be taken upon dilution to 50 ml to mix well to prevent a precipitate forming, 

which would distort its absorbtion from closely obeying beer's Law, as it can under optimal 

conditions. 

5. URINE 

Amylase in urine can be measured exactly the same as in serum, though a 24 hr. sample would 

be best, a random sample may also be used. 

6. OTHER BODY FLUIDS 

Peritoneal and duodenal fluids are sometimes analysed for amylase. As the content is high. These 

fluids should be diluted 1 in 1000 by adding 0.1 ml of fluid to 9.9 of distilled water. 0.1 ml of 

this dilution is used for the test as described above. 

Clinical interpretation 

Amylase is normally secreted by the pancreas into the pancreatic juice which enters the intestine. 

Amylase is involved in the digestion of the polysaccharides of the diet. If pancreatitis the 
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inflammation of the tissue results in the amylase seeping out into the blood. Thus high levels of 

serum amylase indicate acute pancreatitis. The amylase molecule is a relatively small protein of 

low molecular weight, and this allows it to be filtered by the kidney. As a result the amylase is 

rapidly removed from the serum and may return to normal within 24 hours of the onset of acute 

pancreatitis. 

Urinary amylase estimation is carried out to try and 'catch' the high levels after they have left the 

blood. 

Serum amylase is the main basis on which severe abdominal pain can be diagnosed as 

pancreatitis. It is important that pancreatitis be diagnosed before surgery is attempted. 

A patient with pancreatitis would suffer sever shock if surgery was carried out with fatal or near 

fatal consequences. Amylase is usually requested 'stat' as the decision to operate or not cannot be 

made until the result is known. 

Chronic pancreatitis will show normal or slightly raised serum amylase levels. Mumps or other 

diseases of the salivary glands also cause high levels. Ulcers, intestinal or pancreatic duct 

obstruction will similarly cause the amylase to spill over into the blood giving raised similarly 

cause the amylase to spill over into the blood giving raised levels. None of these conditions give 

levels as high as these usually associated with acute pancreatitis. 

Estimation of Serum Electrolytes 

Sodium and potassium are the principle cations of clinical interest. Chloride and bicarbonate 

being the anions. Other electrolytes in serum include; Calcium, Magnesium cations, phosphate, 

sulphate, organic acids and protein as anions. When allowance is made for these other ions a the 

relationship 

between the principle ions can be considered as follows :- ( Na + K ) – ( Cl + HCO3 ) = 16 + 2 

this relationship holds true in most clinical states except when major alterations occur in that the 

other ions of the serum if in sharp rapid change in the concentration of one of the ions of the 

equation above. This relationship is a convenient check in laboratory estimation of electrolytes. 

Sodium is the major cation of extracellular fluid. It plays a central role in the maintenance of the 

normal distribution of water and the osmotic pressure in the various fluid compartments. 

Hyponatremia (low serum sodium level) is associated with a variety of conditions, including 

severe polyuria, metabolic acidosis, Addison's disease, diarrhea, and renal tubular disease. 

Hypernatremia (increased serum sodium level) is associated with Cushing's syndrome, severe 

dehydration due to primary water loss, certain types of brain injury, diabetic coma after therapy 

with insulin, and excess treatment with sodium salts. Potassium is the major intracellular cation. 

Hypokalemia (low serum potassium level) is associated with body potassium deficiency, 

excessive potassium loss caused by prolonged diarrhea or prolonged periods of vomiting and 
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increased secretion of mineralocorticosteroids. Hyperkalemia (increased serum potassium level) 

is associated with oliguria, anuria, and urinary obstruction. Chloride is the major extracellular 

anion. Low serum chloride values are associated with salt-losing nephritis, Addisonian crisis, 

prolonged vomiting, and metabolic acidosis caused by excessive production or diminished 

excretion of acids. High serum chloride values are associated with dehydration and conditions 

causing decreased renal blood flow, such as congestive heart failure. 

Laboratory determination 

Sodium and potassium: Earlier determined by precipitation of their salts and subsequent 

calorimetery. The procedures were very time consuming, laborious and open to many errors. 

Flame photometry (Flame omission spectroscopy) is the method most commonly used for their 

determination. 

Principle of flame photometry: 

Alkali metals, when raised to a sufficiently high temperature will absorb energy form the source 

of heat and be raised to an excited state in their atomic form. As each atom cools to its original 

unexcited state it will reemit the absorbed energy by way of radiation at specific wavelength, 

some of which is in the visible region. Therefore, if an alkali metal in solution is aspirated into a 

low temperature flame in an aerosol form, it will alter excitation by the flame, emit a discrete 

frequency which is isolated by an optical filter. The emission is proportional (for low 

concentrations only) to the number of atoms returning to the ground state, which is, in turn, 

proportional to the number of atoms excited i.e. the concentration of the sample. Photodetector 

placed behind the filter converts it to an electric current of the proportional amount which is 

measured. 

Type of Flame Photometers: 

1. Direct reading instruments: Here the intensity of the emitted light is compared to that obtained 

from standards treated similar to the sample. 

2. Internal Standard Instruments: The light intensity emitted from the element under 

investigation is compared with that from an element which acts as an internal standard. 

Other methods in use for serum electrolyte determinations include atomic absorption 

spectrophotometry and the use of ion specific electrodes. As with many methods the introduction 

of automation has improved the speed and accuracy of each of the methods. 

1. Atomic absorption spectroscopy: It is a modification of the flame photometer in that it 

measures the amount of light absorbed by the nebulized sample while moving from ground state 

to excited state. 
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2. Ion selective electrodes: The potentometric techniques measure the potential difference 

between two electrodes. Specific electrodes are used for the determination of sodium, potassium 

and chlorides. The 109 requirement is for an ion selective membrane to separate the soluation of 

known activity from the detecting system. The membrane consists of special glass, a disk of 

crystalline material or an organic ion exchanger saturating a water-immiscible solvent held in a 

gel or plastic. The sodium electrode is sensitive to changes in sodium ion concentration and 

potassium electrode is sensitive to changes in potassium ion concentration. 

Normal range of electrolytes: 

Sodium: 135 - 145 mMol/L 

Potassium: 3.5 – 4.5 mMol/L 

Chloride: 95 – 105 mMol/L 

Determination of Serum Chloride 

The chloride ion is one of four ions commonly measured in serum . The other three ions are Na+, 

K+ and HCO3. These four ions are important are measured together because of important 

relationship with respect to acid - base and cation - anion balance, and they are included in term 

of serum electrolytes. Although there are many other electrolytes in serum such as Mg2+, Ca2+, 

PO33- and SO42-, but these are present in lower concentration and serve different functions. The 

chloride ion like the sodium ion is largely limited to extracellular fluids and  there is very little of 

either of these ions inside body cells or the Cl ion is the major extra cellular  anion, constituting 

about 103 mmol / L  of the total anion concentration of approximately 154 mmol/1, this is 

significantly involved  in maintaining proper water distribution , osmotic pressure , and normal 

acid-base balance in the  extracellular fluid compartment The concentration of chloride ion in 

RBCS fluid is 49-54 mmol/1  and that of a whole blood is 77-87 mmol/1.  The excessive amounts 

of HCO3- accumulate in plasma, the chloride ions falls. Likewise when Na+ concentration 

increase, the chloride ions also increase. Most plasma protein carries a negative charge and they 

are serves as anions. Extracellular fluids other than plasma (e.g.  CSF) are protein-free.  

Therefore in these fluids the anionic contribution of protein was replaced by chloride ions. Thus 

the chloride ion concentrations in CSF is higher than plasma. Increases the concentration of 

organic acids (ketonebodies, lactate will displace the chloride ions, then the chloride ion  

concentration will decrease in ketosis .  

Principle: 

The earliest classical method for determining the chloride ion concentration was that of  Volhard 

(1878) , which is based on precipitation of Cl-  as AgCL followed by measurement of  the excess 

Ag +  with standardized thiocyanate solution which reported by Van Slyke in (1923) ,  and it is 

used for the estimation of chloride ion concentration in blood and tissues . The electrometric 
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method is based on the exposure of a chloride solution to an electrodes that  emit Ag+  ions in an 

acid medium , The time required for Cl-  ions precipitation as AgCl is  recorded and is directly 

proportional to chloride ion concentration. This method was rapid, accurate and sensitive in the 

estimation of chloride ions in biological samples (1958).  The sample is titrated with a 

standardized mercuric nitrate solution in the presence of the indicator. Chloride ions in the 

sample combine with mercuric ion (Hg++) to form mercuric chloride (HgCl2), a colorless, soluble 

but only slightly ionized compound.  As long as Cl- is present, Hg++ reacts with them. At the end 

point, when all the Cl- have been complexes, the excess Hg++ produced a violet color in the 

presence of diphenyl  carbazone.  

1. Hg++ + 2Cl ----HgCl2 

2. Hg++ + Diphenyl carbazone --------Violet color (excess)  

Bilirubin or hemoglobin may obscure the end point. Therefore protein free supernatant should be 

prepared form hemolyzed specimens.  The chloride ion concentration can be determined in 

plasma, CSF or urine by using this method. Extremely hemolyzed serum should be avoided, 

because the CL- content of RBCs is about half that of serum and will yield low results. Many 

laboratories titrate the sample directly with Hg (NO3)2without preparing a protein free. This 

direct method yield rapid results, but has a disadvantage in which a positive error of 

approximately 2% owing to the reaction of Hg2+ with –SH group of protein.  

Precipitation Titration: Determination of Chloride by the Mohr Method 

Titration is a process by which the concentration of an unknown substance in solution is 

determined by adding measured amounts of a standard solution that reacts with the unknown. 

Then the concentration of the unknown can be calculated using the stoichiometry of the reaction 

and the number of moles of standard solution needed to reach the so called end point. 

Precipitation titrations are based upon reactions that yield ionic compounds of limited solubility. 

The most important precipitating reagent is silver nitrate. Titrimetric methods based upon silver 

nitrate are sometimes termed argentometric methods. Potassium chromate can serve as an end 

point indicator for the argentometric determination of chloride, bromide and cyanide ions by 

reacting with silver ions to form a brick-red silver chromate precipitate in the equivalence point 

region. The Mohr method uses chromate ions as an indicator in the titration of chloride ions with 

a silver nitrate standard solution. After all the chloride has been precipitated as white silver 

chloride, the first excess of titrant results in the formation of a silver chromate precipitate, which 

signals the end. By knowing the stoichiometry and moles consumed at the end point, the amount 

of chloride in an unknown sample can be determined. The well known Mohr’s method in which 

alkaline or alkaline earth chlorides react with silver nitrate in the presence of a few drops of 

potassium chromate solution as indicator is a simple, direct and accurate method for chloride 

determination. 

Determination of Chloride Ion Concentration by Titration N(Volhard’s Method) 
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Lab coats, safety glasses and enclosed footwear must be worn at all times in the laboratory.  

Silver nitrate solution causes staining of skin and fabric (chemical burns). Any spills should be 

rinsed with water immediately. 

Concentrated nitric acid is very corrosive: take great care using the 6molL-1 solution. 

Introduction 

This method uses a back titration with potassium thiocyanate to determine the concentration of 

chloride ions in a solution. Before the titration an excess volume of a silver nitrate solution is 

added to the solution containing chloride ions, forming a precipitate of silver chloride. The term 

‘excess‘ is used as the moles of silver nitrate added are known to exceed the moles of sodium 

chloride present in the sample so that all the chloride ions present will react. 

Ag+ (aq) + Cl–(aq) → AgCl(s) 

The indicator Fe3+ (ferric ion) are then added and the solution is titrated with the potassium 

thiocyanate solution. The titrate remains pale yellow as the excess (unreacted) silver ions react 

with the thiocyanate ions to form a silver thiocyanate precipitate. 

Ag+
(aq) + SCN–

(aq) → AgSCN(s) 

 

Once all the silver ions have reacted, the slightest  excess of thiocyanate reacts with Fe3+ to form 

a dark red complex. 

Fe3+ 
(aq) + SCN– 

(aq) → [FeSCN]2+
(aq) 

 

The concentration of chloride ions is determined by subtracting the titration findings of the moles 

of silver ions that reacted with the thiocyanate from the total moles of silver nitrate added to the 

solution. This method is used when the pH of the solution, after the sample has been prepared, is 

acidic. If the pH is neutral or basic, Mohr’s method or the gravimetric method should be used. 

The method is illustrated below by using the procedure to determine the concentration of 

chloride (from sodium chloride) in cheese. 

Equipment Needed 

Boiling chips 

500 mL volumetric flask 

10 mL and 100 mL measuring cylinders 
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Conical flasks 

Bunsen burner, tripod and gauze 

Burette and stand 

50 mL pipette (if possible) Solutions Needed 

Concentrated nitric acid (see safety notes): (6 mol L-1) 

Silver nitrate solution: (0.1 mol L−1). If possible, dry 5 g of  

AgNO3 for 2 hours at 100°C and allow to cool. Accurately weigh about 4.25 g of solid AgNO3 

and dissolve it in 250 mL of distilled water in a conical flask. Store the solution in a brown 

bottle. 

Potassium thiocyanate solution: (0.1 mol L−1). Weigh 2.43 g of solid KSCN and dissolve it in 

250 mL of distilled water in a volumetric flask. 

Potassium permanganate solution: (5%) Add 1.5 g KMnO4 to 30 mL of distilled water. 

Ferric ammonium sulfate solution: (saturated) Add 8g of NH4  

Fe (SO4)212H2O to 20 mL of distilled water and add a few drops of concentrated nitric acid (see 

safety notes) 

Method 

Sample Preparation 

The salt sodium chloride is added during the manufacture of cheddar cheese. In this method, the 

cheese is ‘digested’ to release this salt to obtain the concentration of chloride ions. To carry out 

this digestion, the cheese is reacted with nitric acid and potassium permanganate. The chloride 

ions are then ‘free’ to form a precipitate with the added silver ions. 

1. Cut or grate the cheese into fine pieces and accurately weigh about 6 g into a 500 mL conical 

flask. 

2. Precisely add 50 mL of 0.1 mol L−1 silver nitrate solution (by pipette if possible), 20 mL of 

concentrated nitric acid, (very carefully – see safety notes), 100 mL of distilled water and a few 

boiling chips, and heat the solution to boiling in a fumehood. 

3. As the solution boils add 5 mL of 5% potassium permanganate solution. This addition will 

cause a very smelly reaction so done in the fumehood. Keep boiling until the purple colour 

disappears, then add another 5 mL of potassium permanganate solution.  
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Continue this process until 30 mL of potassium permanganate solution has been added and the 

cheese particles are completely digested (or as close as possible). To find out when digestion is 

complete, remove the flask from heat and allow it to stand for a few moments. Undigested 

cheese particles will float upon the surface of the clear liquid, while the white precipitate of 

silver chloride will sink to the bottom. If there is still too much undigested cheese, the boiling 

and addition of 5 mL of potassium permanganate should be continued, checking each time until 

there is a satisfactory level of digestion. 

4. Cool the solution and filter it. Wash the solid residue with a few mL of distilled water. 

5. Make the filtrate up to 500 mL in a volumetric flask 

Titration 

1. Use a volumetric cylinder to measure 100 mL of the cheese extract solution (be as precise as 

possible) and pour it into a conical flask. 

2. Add 1 mL of saturated ferric ammonium sulfate solution as indicator. 

3. Titrate the unreacted silver ions with the 0.1 mol L−1potassium thiocyanate solution. The end 

point is the first appearance of a dark red colour due to the ferricthiocyanate complex. 

4. Repeat the titration with 100 mL samples of the cheese extract solution until  obtain 

concordant results (titres agreeing within 0.1 mL). 

Result Calculations 

1. Determine the average volume of potassium thiocyanate used from the concordant titres. 

2. Calculate the moles of potassium thiocyanate used. 

3. Use the equation of the reaction between silver ions and thiocyanate ions 

Ag+
(aq) + SCN–

(aq) → AgSCN(s) to calculate the moles of unreacted silver nitrate in 100 mL of 

cheese extract, and multiply the figure by five to determine the total moles of unreacted silver 

nitrate (the excess) in the 500 mL volumetric flask. 

4. Calculate the moles of silver nitrate in the 50 mL of solution that was added during the sample 

preparation to the cheese. 

5. Calculate the total moles of silver nitrate that reacted with the salt from the cheese by 

subtracting the moles of unreacted silver nitrate (the excess) from the total moles of silver nitrate 

added to the cheese. 

6. Use the equation of the reaction between the silver ions and the chloride ions to calculate the 

moles of sodium chloride in the sample of cheese. 
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Ag+
 (aq) + Cl–

(aq) → AgCl(s) 

7. Calculate the concentration of sodium chloride in the cheese as grams of salt per 100 g cheese 

(% salt). 

Additional Notes: 

1. Residues containing silver ions and precipitate are usually saved for later recovery of silver 

metal. Check this with the teacher or the laboratory supervisor. 

2. A ‘blank’ titration substituting sucrose (sugar) for the cheese should be carried out to see if 

there are any ‘contaminating’ chloride ions present in the reagent solutions used. If any are 

found, the figure should be subtracted from the titration results. 

3. For greatest accuracy it is a good idea to standardise the thiocyanate solution by titrating 

several samples against the standardised silver nitrate solution (once again using ferric 

ammonium sulfate indicator). The concentration of SCN– determined by this titration should 

then be used in all calculations. 

Clinical Significance: 

Decreased value of serum chloride is called hypochloremia, which is associated with the 

following cases:  

 l. Hypoventilation: Inadequate removal of CO2 from the blood by the lungs. This result in the 

accumulation of ionized carbonic acid in blood, therefore increase in HCO3 - cone, which cause a 

decrease in chloride ion concentration. (It is excreted into the urine). 2. Diabetic Ketoacidosis: 

Uncontrolled diabetes results in the accumulation of ketonebodies in serum, which are strong 

organic acids, so that they displace both Cl- and HCO3
-.  

3. Lactic acidosis.  

4. Chronic diarrhea: Intestinal secretion are also high in CI- concentration, the loss of intestinal 

secretions over long periods will reduce the total body chloride ions.  

5. Vomiting: Gastric secretion is high in chloride ions and large volumes (over 2 liters) are 

produced and reabsorb daily. Continuous vomiting over long periods results in the loss of 

chloride ions from the body.  

6. Adrenal disease: Both hypo-and hyper-adrenalism is associated with low serum chloride level, 

because the adrenal gland produces hormone which control fluid and electrolyte balance.  

7. Renal failure: Failing kidneys results in the accumulation of PO4
3- and SO4

2- which displace 

serum chloride.  

8. Pneumonia.  
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9. Hypokalemic alkalosis.  

Increased serum chloride levels are called hyperchloremia which are associated with:  

1. Hyperventilation: due to a fall in bicarbonate ion concentration.  

2. Effect of drugs: Large doses of ammonium or KCL may produce hyperchloremia.  

3. Dehydration: Decrease in plasma water caused an increase in serum chloride level.  

4. Arterial hypertension.  

5. Sulfonamyl diuresis. 

Determination of magnesium in serum and urine 

Magnesium is one of the major intracellular cations in the body; its action is closely related to 

that of calcium. 

Magnesium deficiency, hypomagnesemia can result in various neuromuscular disorders, 

weakness, tremors, tetany and convulsions. Low levels in the blood are often associated with 

hypocalcemia, intravenous therapy, diabetes mellitus, and gastrointestinal disorders such as 

Crohn’s disease, hyperparathyroidism, alcoholism, dialysis and pregnancy. 

Increased serum magnesium levels are associated with dehydration, severe diabetic acidosis, 

Addison's disease, hypothyroidism and hyperparathyroidism. Conditions that interfere with the 

glomerular filtration as in renal failure result in retention of magnesium and hence elevation of 

serum levels. 

Principle 

The magnesium method is a modification of the methylthymol blue (MTB) complexometric 

procedure described by Connerty, Lau, and Briggs.(1) The barium salt of ethylenebis 

(oxyethylenenitrilo) tetraacetic acid (Ba-EGTA) is used to reduce interference due to calcium 

which also reacts with MTB.(2) 

MTB forms a blue complex with magnesium. Calcium interference is minimized by forming a 

complex between calcium and Ba-EGTA (chelating agent). The amount of MG-MTB complex 

formed is proportional to the magnesium concentration and is measured using a bichromatic (600 

and 510 nm) endpoint technique. 

Estimation of Fibrinogen 

In-vitro quantitative determination of Fibrinogen by the clotting method of Clauss.  
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Fibrinogen is a soluble plasma glycoprotein that is synthesized by the liver and is the most 

abundant clotting factor in plasma. 

Fibrinogen is often used to assess whether or not fibrinogen levels are adequate to allow normal 

blood clotting, to determine if an individual has an inherited deficiency, to evaluate unexplained 

or prolonged bleeding and to evaluate the risk of both cardiovascular and heart disease. 

 

Pathological changes in the concentration of Fibrinogen are found in many disease states. 

Decreased levels are associated with Hypofibrinogenemia, Afibrinogenemia, Disseminated 

Intravascular Coagulation (DIC), Liver diseases, viral hepatitis and Fibrinogenolysis. Increased 

Fibrinogen concentration is seen in chronic inflammatory illness, malignancy, surgery, trauma 

and cardiovascular disorders. 

Principle 

The Fibrinogen assay is based on the Clauss method. In the presence of a high concentration of 

Thrombin the time required for clot formation in diluted plasma is inversely proportional to 

Fibrinogen concentration. 

Urinalysis 

Examination of the urine as an aid to diagnosis of many diseases has been carried out for 

centuries by medical practitioners. Some of the current methods of examination are still 

traditional, such as noting the appearance and odor of the specimen and making a 

microscopic examination of the urinary sediment. The main advances have been in 

providing dipsticks or strips for the semi quantitation of a group of constituents and in 

measuring urine osmolality as an indication of total solute concentration, Visual and 

microscopic examination may yield useful clinical information and must not be neglected 

because it is not "quantitative." A routine urinalysis usually consists of an examination of a 

morning specimen (upon arising) for color, odor, specific gravity, or osmolality; the per-

formance of some qualitative or semiquantitative tests for pH, protein, glucose or reducing 

sugars, ketones, blood and perhaps bilirubin, urobilinogen, and leukocyte esterase and 

nitrite. Some hospitals routinely perform a microscopic examination of the urinary sediment, 

but others do so only when both the nitrite and leukocyte esterase tests are positive. 

Physical Examination  

Volume 

Knowledge of the daily urinary output may be of value in the study of rena: disease, but this 

test requires a timed specimen and a good collection, The daily output of urine depends 

largely upon the fluid intake and many other factors such as degree of exertion, temperature, 
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salt (NaCl) intake, and hormonal control, but a good figure to remember is that the average 

excretion of a normal adult is approximately 1 mL/min or about 1400 ± 800 mL/24h. A 

decreased urinary output is called oliguria; an increased output is referred to as polyuria 

Oliguria may be caused by prerenal (low blood pressure, shock, hemorrhage, fluid 

deprivation), renal (acute tubular necrosis, certain poisons, renal vascular disease, 

precipitation of certain compounds in nephrons), or postrenal (calculi, tumors compressing 

ureters, prostatic hypertrophy) factors. Polyuria may be caused by the excretion of a large 

amount of solutes, with obligatory excretion of water (after excessive salt intake, in 

diabetes mellitus with glycosuria), by a deficiency or depression of the antidiuretic 

hormone (ADH), or by the excessive ingestion of fluids or diuretic substances.  

Colour 

It is important to call attention to abnormally colored urine even though this does not occur 

frequently. Fresh blood or hemoglobin may impart a reddish color, whereas old blood 

makes the urine look smoky; both are indications of bleeding in the genitourinary tract. Bile 

pigments produce a green, brown, or deep yellow color signifying liver or biliary tract 

disease. A dark brown urine may be caused by homogentisic acid excreted in a rare genetic 

disease, alkaptonuria. Some drugs or dyes may also contribute color to the urine. 

Odour 

Fresh urine has a characteristic odor that may be affected by foods, such as asparagus. In 

diabetic acidosis, there may be a fruity odor caused by the ketoacids and acetone. In maple 

syrup disease, a rare genetic defect, the urine has the odor of caramelized sugar or maple 

syrup. When urine specimens are old, or when there is a Proteus infection, there is usually 

a strong odor of ammonia. A putrid odor usually means that the urine has undergone 

bacterial decomposition because it stood around too long without refrigeration. 

Specific Gravity 

The specific gravity of the urine varies directly with the grams of solutes excreted per liter. 

It provides information on the ability of the kidney to concentrate the glomerular filtrate. 

The physiologic range of specific gravity varies from 1.003 to 1.032, but the usual range 

for a 24-h specimen varies from 1.015 to 1.025. Tile most concentrated specimen is 

obtained on arising in the morning. In renal tubular disease, the concentrating ability of the 

kidney is among the first functions to be lost.  

The specific gravity of urine may be determined directly with a urinometer or indirectly 

through measurement of its refractive index.  

Measurement by Urinometer (Hydrometer). The urinometer is a hydrometer designed to fit 

into and float in a narrow cylinder filled with urine. The urinometer has a slender neck, 

with a specific gravity scale wrapped around it that usually covers the range from 1.000 to 

1.040. The urinometer should be calibrated by testing it with a solution of known specific 

gravity.  
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Procedure  

1. Fill the cylinder about three fourths full with specimen and place on a level surface.  

2. Insert the urinometer into the cylinder and spin slightly so that it floats freely.  

3.Read the specific gravity directly from the scale on the stem at the lowest point of the 

meniscus of the urine surface.  

4. Temperature correction: If the urine is not at the urinometer temperature, add 0.001 to the 

specific gravity for every 3oC that the urine temperature is above this value and subtract 

0.001 for every 3o that it is below this temperature. 

Measurement By Refractometry. The refractive index of a solution also  varies with the 

amount of dissolved substances, and hence is related to the specific gravity. Because the urine 

must be clear for this measurement usually carried out upon a centrifuged specimen. Commercial 

refractometers are available with a scale that gives a direct readout in specific gravity. 

Procedure  

1. Place a small drop of clear urine on the glass surface of the refractometer and close the lid.  

2. Look through the meter directly toward a light source.  

3. Record the specific gravity at the point where the line separating the light area from the 

dark crosses the specific gravity scale.  

 Measurement By Dipstick. A dipstick that estimates specific gravity able as part of a multiple 

test strip (N-Multistix-SG by Ames). The strip uses a polyelectrolyte and an indicator 

(bromthymol blue) that changes colouras H+ is displaced by Na+ or K+ in the patient's urine. 

The test is good for screening but the two previously discussed methods are more accurate.  

Osmolality  

Osmolality is a measure of the moles of dissolved particles (undissociated molecules as well 

as ions) contained in a kg of sol vent; it reflects the total concentration of solutes.  

When substances are dissolved in a solvent, they affect some of the properties of the solvent and 

cause some physical changes that can be measured. These are a lowering of the freezing point, a 

decrease in the vapor pressure, and an increase in the boiling point of the pure solvent. Commercial 

instruments are available that make use of the first two properties for the measurement of the 

osmolality of body fluids. The most commonly used ones make use of the freezing point 

depression whereby one mole of each ionic species and each nonionized solute per kg of water 

lowers the freezing point by 1.86oC. 

Procedure  

1. Follow the manufacturer's directions for the particular instrumentavailable to .  

2. Calibrate the instrument with known standards.  

3. Centrifuge the specimen well to eliminate suspended matter.  
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4. Measure the freezing point lowering or the vapor pressure lowering, as the case may be.  

5.Record the osmolality 

Reference Values  

 Serum:    278 to 305 mosm/kg 

Urine-random specimen:    40 to 1350 mosm/kg 

On normal fluid intake, 24-hour specimen:    500 to 800 mosm/kg 

During maximal urine concentration:     850 to 1350 mosm/kg 

 

Note: The osmolality is a more accurate reflection of the concentration of dissolved 

substances than is the specific gravity because in various diseases the urine may contain 

relatively large amounts of glucose or protein. These substances have a much higher 

molecular weight than the salts commonly found in urine, and hence affect the specific 

gravity much more than they affect the osmolality. The receptors in the body respond to 

osmolality or changes in solute concentration.  

PCR (Polymerase Chain Reaction) 

PCR is based on using the ability of DNA polymeraset o synthesize new strand of DNA 

complementary to the offered template strand. Because DNA polymerase can add a nucleotide 

only onto a preexisting 3'-OH group, it needs a primer to which it can add the first nucleotide. 

This requirement makes it possible to delineate a specific region of template sequence that the 

researcher wants to amplify. At the end of the PCR reaction, the specific sequence will be 

accumulated in billions of copies (amplicons). 

PCR is used to amplify a specific region of a DNA strand (the DNA target). Most PCR methods 

typically amplify DNA fragments of between 0.1 and 10 kilo base pairs (kbp), although some 

techniques allows for amplification of fragments up to 40 kbp in size. The amount of amplified 

product is determined by the available substrates in the reaction, which become limiting as the 

reaction progresses.  

A basic PCR set up requires several components and reagents. These components include: 

 DNA template that contains the DNA region (target) to be amplified. 

 Two primers that are complementary to the 3' (three prime) ends of each of the sense and 

anti-sense strand of the DNA target. 

 Taq polymerase or another DNA polymerase with a temperature optimum at around 70 °C. 

 Deoxynucleoside triphosphates (dNTPs, sometimes called "deoxynucleotide 

triphosphates"; nucleotides containing triphosphate groups), the building-blocks from which 

the DNA polymerase synthesizes a new DNA strand. 

http://www.ncbi.nlm.nih.gov/probe/docs/glossary#DNApol
http://www.ncbi.nlm.nih.gov/probe/docs/glossary#primer
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http://en.wikipedia.org/wiki/Kilo_base_pair
http://en.wikipedia.org/wiki/Primer_(molecular_biology)
http://en.wikipedia.org/wiki/Complementarity_(molecular_biology)
http://en.wikipedia.org/wiki/Directionality_(molecular_biology)
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http://en.wikipedia.org/wiki/Taq_polymerase
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 Buffer solution, providing a suitable chemical environment for optimum activity and stability 

of the DNA polymerase. 

 Bivalent cations, magnesium or manganese ions; generally Mg2+ is used, but Mn2+ can be 

utilized for PCR-mediated DNAmutagenesis, as higher Mn2+ concentration increases the 

error rate during DNA synthesis 

 Monovalent cation potassium ions. 

The PCR is commonly carried out in a reaction volume of 10–200 μl in small reaction tubes 

(0.2–0.5 ml volumes) in a thermal cycler. The thermal cycler heats and cools the reaction tubes 

to achieve the temperatures required at each step of the reaction (see below). Many modern 

thermal cyclers make use of the Peltier effect, which permits both heating and cooling of the 

block holding the PCR tubes simply by reversing the electric current. Thin-walled reaction tubes 

permit favorable thermal conductivity to allow for rapid thermal equilibration. Most thermal 

cyclers have heated lids to prevent condensation at the top of the reaction tube. Older 

thermocyclers lacking a heated lid require a layer of oil on top of the reaction mixture or a ball of 

wax inside the tube. 

Procedure 

Typically, PCR consists of a series of 20-40 repeated temperature changes, called cycles, with 

each cycle commonly consisting of 2-3 discrete temperature steps, usually three (Figure below). 

The cycling is often preceded by a single temperature step at a high temperature (>90 °C), and 

followed by one hold at the end for final product extension or brief storage. The temperatures 

used and the length of time they are applied in each cycle depend on a variety of parameters. 

These include the enzyme used for DNA synthesis, the concentration of divalent ions and dNTPs 

in the reaction, and the melting temperature (Tm) of the primers.  

 Initialization step(Only required for DNA polymerases that require heat activation by hot-

start PCR.): This step consists of heating the reaction to a temperature of 94–96 °C (or 98 °C 

if extremely thermostable polymerases are used), which is held for 1–9 minutes. 

 Denaturation step: This step is the first regular cycling event and consists of heating the 

reaction to 94–98 °C for 20–30 seconds. It causes DNA melting of the DNA template by 

disrupting the hydrogen bonds between complementary bases, yielding single-stranded DNA 

molecules. 

 Annealing step: The reaction temperature is lowered to 50–65 °C for 20–40 seconds allowing 

annealing of the primers to the single-stranded DNA template. This temperature needs to be 

low enough to allow for hybridization of the primer to the strand, but high enough in order 

for the hybridization to be specific, i.e. the primer should only bind to a perfectly 

complementary part of the template. If the temperature is too low, the primer could bind 

imperfectly. If it is too high, the primer might not bind. Typically the annealing temperature 

is about 3–5 °C below the Tm of the primers used. Stable DNA–DNA hydrogen bonds are 

only formed when the primer sequence very closely matches the template sequence. The 

polymerase binds to the primer-template hybrid and begins DNA formation. 

 Extension/elongation step: The temperature at this step depends on the DNA polymerase 

used; Taq polymerase has its optimum activity temperature at 75–80 °C,[12][13] and 

commonly a temperature of 72 °C is used with this enzyme. At this step the DNA 

polymerase synthesizes a new DNA strand complementary to the DNA template strand by 

adding dNTPs that are complementary to the template in 5' to 3' direction, condensing the 5'-
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phosphate group of the dNTPs with the 3'-hydroxyl group at the end of the nascent 

(extending) DNA strand. The extension time depends both on the DNA polymerase used and 

on the length of the DNA fragment to be amplified. As a rule-of-thumb, at its optimum 

temperature, the DNA polymerase will polymerize a thousand bases per minute. Under 

optimum conditions, i.e., if there are no limitations due to limiting substrates or reagents, at 

each extension step, the amount of DNA target is doubled, leading to exponential 

(geometric) amplification of the specific DNA fragment. 

 Final elongation: This single step is occasionally performed at a temperature of 70–74 °C 

(this is the temperature needed for optimal activity for most polymerases used in PCR) for 5–

15 minutes after the last PCR cycle to ensure that any remaining single-stranded DNA is 

fully extended. 

 Final hold: This step at 4–15 °C for an indefinite time may be employed for short-term 

storage of the reaction. 

 

http://en.wikipedia.org/wiki/Phosphate_group
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Ethidium bromide-stained PCR products after gel electrophoresis. Two sets of primers were used 

to amplify a target sequence from three different tissue samples. No amplification is present in 

sample #1; DNA bands in sample #2 and #3 indicate successful amplification of the target 

sequence. The gel also shows a positive control, and a DNA ladder containing DNA fragments 

of defined length for sizing the bands in the experimental PCRs. 

To check whether the PCR generated the anticipated DNA fragment (also sometimes refered to 

as the amplimer oramplicon), agarose gel electrophoresis is employed for size separation of the 

PCR products. The size(s) of PCR products is determined by comparison with a DNA ladder (a 

molecular weight marker), which contains DNA fragments of known size, run on the gel 

alongside the PCR products 

Limitations of PCR and RT-PCR 

The PCR reaction starts to generate copies of the target sequence exponentially. Only during the 

exponential phase of the PCR reaction is it possible to extrapolate back to determine the starting 

quantity of the target sequence contained in the sample. Because of inhibitors of the polymerase 

reaction found in the sample, reagent limitation, accumulation of pyrophosphate molecules, and 

self-annealing of the accumulating product, the PCR reaction eventually ceases to amplify target 

sequence at an exponential rate and a "plateau effect" occurs, making the end point quantification 

of PCR products unreliable. This is the attribute of PCR that makes Real-Time Quantitative RT-

PCR so necessary. 

 

Immobilized enzyme 

An immobilized enzyme is an enzyme that is attached to an inert, insoluble material such as 

calcium alginate (produced by reacting a mixture of sodium alginate solution and enzyme 

solution with calcium chloride). This can provide increased resistance to changes in conditions 
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http://en.wikipedia.org/wiki/Polymerase_chain_reaction
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such as pH or temperature. It also allows enzymes to be held in place throughout the reaction, 

following which they are easily separated from the products and may be used again - a far more 

efficient process and so is widely used in industry for enzyme catalysed reactions. An alternative 

to enzyme immobilization is whole cell immobilization. 

Use of immobilized enzymes as biosensors: Biosensors are electrical, optical, chemical or 

mechanical devices with the capability to detect biological species selectively. 

USE OF IMMOBILIZED ENZYMES IN MEDICINE 

Presently, immobilized proteins/enzymes are used routinely in the medical fields, for the 

diagnosis and treatment of various diseases. Immobilized proteins as antibodies, enzymes, 

receptors have revolutionized the medical fields in terms of time, manpower, accuracy and 

reliability.Enzyme-based electrodes represent a major application of immobilized enzymes in 

medicine. The high specificity and reactivity of an enzyme towards its substrate are properties 

being exploited in biosensor technology 

USE OF IMMOBILIZED ENZYMES FOR ANTIBIOTIC PRODUCTION 

Competition with well established, fine tuned chemical processes for antibiotics production is a 

major challenge for the industrial implementation of the enzyme synthesis of biologically 

important antibiotics such as β-lactam. 

USE OF IMMOBILIZED ENZYMES IN FOOD INDUSTRY 

Immobilized enzymes are of great value in the processing of food samples and its analysis. The 

extent of lactose hydrolysis whey processing, skimmed milk production, etc. has been greatly 

enhanced by using respective enzymes as immobilized forms. The production of high fructose 

corn syrups has been greatly facilitated by the use of immobilized glucose isomerase. 

USE OF IMMOBILIZED ENZYMES FOR BIODIESEL PRODUCTION 

Biodiesel has gained importance in the recent past for its ability to replace fossil fuels which are 

likely to run out within a century.  

USE OF IMMOBILIZED ENZYMES FOR BIOREMEDIATION 

There are >100,000 commercially available dyes with over 7x105 ton of dyestuff produced 

annually worldwide and used extensively in textile, 

 

Biological/Clinical trial 

Clinical trials are prospective biomedical or behavioral research studies on human subjects that 

are designed to answer specific questions about biomedical or behavioral interventions (novel 

vaccines, drugs, treatments, functional foods, dietary supplements, devices or new ways of using 

known interventions), generating safety and efficacy data. They are conducted only after 

satisfactory information has been gathered that satisfies health authority/ethics 

committee approval in the country where approval of the therapy is sought. 

Depending on product type and development stage, investigators initially enroll volunteers 

and/or patients into small pilot studies, and subsequently conduct progressively larger scale 
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comparative studies. As positive safety and efficacy data are gathered, the number of patients 

typically increases. Clinical trials can vary in size, and can involve a single research entity in one 

country or multiple entities in multiple countries. 

A full series of trials may cost hundreds of millions of dollars. The burden of paying is usually 

borne by the sponsor, which may be a governmental organization or 

a pharmaceutical, biotechnology or medical device company. When the required support exceeds 

the sponsor's capacity, the trial may be managed by an outsourced partner, such as a contract 

research organization or an academic clinical trials unit. 

Clinical trials often involve healthy subjects with no pre-existing medical conditions but 

sometimes pertain to patients with specific health conditions who seek otherwise unavailable 

treatments. In early phases, participants are healthy volunteers who receive financial incentives. 

During dosing periods, study subjects typically remain under supervision for one to 40 

nights.Usually pilot experiments are conducted to gain insights for design of the clinical trial to 

follow.In medical jargon, effectiveness is how well a treatment works in practice and efficacy is 

how well it works in a clinical trial.In the US, the elderly constitute only 14% of the population, 

while they consume over one-third of drugs. Seniors are often excluded from trials because their 

greater health issues and drug use complicate data interpretation. Women, children and people 

with unrelated medical conditions are also frequently excluded. The sponsor designs the trial in 

coordination with a panel of expert clinical investigators, including what alternative/existing 

treatments to compare to the new agent and what type(s) of patients might benefit. If the sponsor 

cannot obtain enough subjects at one location, investigators at other locations are recruited to 

join the study.During the trial, investigators: recruit patients with the predetermined 

characteristics, administer the treatment(s) and collect data on the patients' health for a defined 

time period. Subjects are volunteers who are not paid for participating.Data include 

measurements such as vital signs, concentration of the study drug in the blood and/or tissues, 

changes to symptoms and whether health outcomes. The researchers send the data to the trial 

sponsor, who then analyzes the pooled data using statistical tests. 

Examples of clinical trial goals include assessing the safety and (relative) effectiveness of a 

medication or device: 

 On a specific kind of patient (e.g., patients who have been diagnosed with Alzheimer's 

disease) 

 At a different dose (e.g., 10-mg dose instead of 5-mg dose) 

 For a new indication 

 Is more effective for the patient's condition than the standard therapy 

 Relative to two or more already approved/common interventions for that disease (e.g., 

device A vs. device B, therapy A vs. therapy B) 

While most clinical trials test one alternative to the novel intervention, some expand to three or 

four.Except for small, single-location trials, the design and objectives are recorded in a document 

called a clinical trial protocol. The protocol is the trial's 'operating manual' and ensures that all 

researchers perform the trial in the same way on similar patients and that the data is comparable 

across all patients. 
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Because the trial is designed to test hypotheses and rigorously monitor and assess outcomes, they 

can be seen as an application of the scientific method, specifically the experimental step. 

The most common clinical trials evaluate new drugs, medical devices (such as a 

new catheter), biologics, psychological therapies, or other interventions. Clinical trials may be 

required before a national regulatory authority approves marketing of the innovation. 

 

Dipstick  Technology 

The state-of-the-art technology uses a dipstick to detect biochemical substances in a 

convenient way. Many companies are now manufacturing test strips based on the 

basic wet chemistry reactions of the respective biochemical substances. 

Although easily adaptable manual methods are available for urine analysis, not all 

intermediary-level laboratories have facilities to prepare their own reagents. Sugar, 

albumin, urobilinogen, and bilirubin are the four biochemical substances tested in a 

random urine sample. Although the heat and acetic acid test detect the presence of 

proteins such as albumin, yet only a semi quantitative test will be really useful. 

In the same way, Benedict's test, which is commonly used, detects only the total 

reducing substance and does not predict the amount of glucose present. The state-of-

the-art technology is the use of dipstick to detect biochemical substances in a 

convenient way.  

CORRECT STORAGE OF STRIPS 

Protection of the strips from moisture and excessive heat and light is necessary. They 

need not be refrigerated. Replacement of the top on the storage container 

immediately after removing a strip will further protect them. 

GLUCOSE 

Dip strips that are available for the detection of glucose are fast and convenient ways 

of testing urine to determine the amount of glucose excreted in urine. 

Principle 

The determination of glucose is based on the specific glucose-oxidase/peroxidase 

reaction. This double enzyme catalyzed sequential reaction ensures that glucose is 

the only urinary constituent that will react. 

The reaction utilizes the enzyme glucose oxidase to catalyze the formation of 

gluconic acid and hydrogen peroxide from the oxidation of glucose. The second 

enzyme peroxidase catalyzes the reaction of hydrogen peroxide with the chromogen 
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to form a blue dye. The reaction color changes from buff to dark blue. The test reacts 

specifically to glucose. Other sugars in urine such as fructose and galactose are not 

detected. 

Sources of Errors 

False positive, if: Contamination of glassware with oxidizing agents such as sodium 

Hypochlorite, bleaching powder, and detergents like sodium phosphate will oxidize 

and change the color of chromogen. 

False negative, if: Presence of ascorbic acid, an oxygen acceptor, in large amounts in 

the urine of pregnant women, will cause a false-negative result. 

PROTEIN 

 Several rapid screening tests are in routine use. The majority of the test strips 

has been developed to detect albumin and may be negative in the presence of 

other proteins, such as Bence Jones Proteins. 

Principle 

It is based on the protein error of a pH indicator. At a constant pH any color change 

that happens to an indicator is due to protein. The test area of the reagent strip is 

impregnated with an indicator, tetrabromophenol blue, buffered to pH 3. At this pH it 

is yellow in the absence of protein. Protein forms a complex with the dye turning the 

color of the dye to green or bluish green. The color is compared with the color chart 

provided, which indicates the approximate protein concentration. 

Sources of Errors 

 False positive, if: 

1. The specimen is contaminated with vaginal or urethral secretions 

2. Strongly alkaline urine is used 

 The urine container is contaminated with disinfectants such as chlorhexidine 

 False-negative, if: Acid has been added to the urine as a preservative (for 

example in the estimation of urinary calcium) 

BILIRUBIN 

Principle 

It is based on the coupling of bilirubin with a stable diazonium salt in the acid 

environment of the test paper. The color ranges through various shades of tan. 
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Sources of Errors 

 False positive, if: Drugs that cause a red coloration in the urine. 

 False-negative, if: Oxidation of Bilirubin due to: 

1. Prolonged storage of the sample 

2. Exposure to sunlight, or 

3. Presence of large amounts of Ascorbic Acid (ingestion of vitamin C) and 

Nitrites (UTI infections) 

KETONE 

Principle 

It is based on Rothera's reaction principle and on the development of colors, ranging 

from buff-pink for a negative reading to darkish pink when acetoacetate reacts with 

sodium nitroprusside. It also detects acetone but not beta-hydroxybutyrate. 

Sources of Errors 

 Phenyl ketones cause an orange -red coloration of the test area 

 Phthaleins cause a Reddish coloration 

 Captopril and other substances containing sulfhydryl groups may cause false 

positive reactions 

SPECIFIC GRAVITY 

Principle 

In the presence of an indicator the polyelectrolyte present in urine gives colors 

ranging from deep blue green in urine of low ionic concentration through green to 

yellow green in urine of increasing ionic concentration. 

Urine density is determined through the contents of free cations (Na & K) which 

correlate very well with the specific gravity. The test zone of the test strip is provided 

with an ion exchanger and a pH indicator. Free urinary cations react on the test field 

with a complex former, which results in the release of H+ ions (protons) which, in 

turn, cause the color of the indicator to change. 

Sources of Errors 

Elevated Ca++ stimulates high specific gravity. 

pH 
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Principle 

The pH test paper contains a combination of bromocresol green and bromoxylenol 

blue indicators. The color gradations extend from pale green to green to bluish green. 

Sources of Errors 

Extended standing time of the urine specimen may cause the pH value to become 

alkaline as a consequence of bacterial growth and contamination. 

UROBILINOGEN 

Principle 

This test is based on a modified Ehrlich reaction, in which stable diazonium salt 

reacts immediately with urobilinogen in the acid environment of the test to give a red 

Azo dye. The intensity of the red color is a measure of the concentration of the 

urobilinogen present. 

Sources of Errors 

 False positive, if: Drugs that cause a red coloration of the urine. 

 False negative, if: Oxidation of urobilinogen because of: 

1. Prolonged storage of the sample 

2. Exposure to sunlight 

BLOOD 

Principle 

The test is based on the fact that hemoglobin and myoglobin catalyze the oxidation 

of a color indicator by an organic hydroperoxide to a blue green dye that appears 

green on the yellow test paper. The reaction is rendered highly sensitive by 

incorporating an activator in the reagent mixture. 

Sources of Errors 

Residues of strong oxidizing detergents in urine specimen container can give false 

positive results. 

LEUCOCYTES 

Principle 

The test area for leucocytes contains an indoxyl ester, which is cleaved by 
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granulocytic esterases. The indoxyl thus liberated then reacts with a diazonium salt to 

produce a purple dye. Another advantage of this principle is that in addition to 

detection of intact leucocytes, it also detects Lysed cells which cannot be detected 

microscopically. 

NITRITE 

Principle 

Nitrite is detected and analyzed by formation of a red pink color upon treatment of a 

NO2containing sample with the Griess reagent. 

When sulphanilic acid is added, the nitrites form a diazonium salt. When the azo dye 

agent is added a pink color develops. 

 

 

Solid Phase Chemistry in Clinical Laboratory Tests: 

Recent advances in technology in clinical chemistry make use of reagents in a dry -form not only 

for qualitative analysis but also for quantification. During the last five years, there has been an 

enormous increase in publications on this subject. Several international companies have 

developed their own System and have tried to make it commercially viable. However, few 

complete päpers are available and most methods are licensed. The use of fast simple tests in the 

form of reagent Strips for qualitative analysis dates back to the 19th. Century. A classic example 

is the litmus paper used for testing the alkalinity of a solution. 

The litmus paper principle formed an early basis for other solid phase chemistries, such äs the 

analysis of glucose and reducing sugars. The first qualitative analysis of glucose in urine using 

solid phase chemistry reagents was described by Maumene in 1850 . Feigl relied heavily on 

modern solid phase chemistry reagents in a technique that combined the reagent and the sample 

on a filter paper. A chemical reaction takes place and the developed colour is proportional to the 

concentration of the analyte under investigation. Enzymatic tests for glucose in urine were first 

developed in 1956 by Free  and Corner ; afterwards other parameters became accessible e. g. pH 

, occult blood , bilirubin, urinary ketone bodies,protein and others. Many of these tests and their 

potential äs possible seif testing methods were reviewed by Free & Free . Gradually the tests 

evolved to semi-quantitative estimations using colour scales and dual colour blocks. Dextrostix 

(Ames) Reagent Strips were introduced in 1964 äs a first rapid disposable test for blood sugar. In 

1969 this System was further refined through adding a reflectance reading Instrument.  

 

 

a) Advantages 

— possibility of using whole blood in some Systems 

— the small sample volume needed to conduct an 

analysis makes these chemistries suitable fof clinical 

analysis of sera from geriatric and neonatal 

patients 

— small Instrumentation favours more decentralized 
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clinical testing close to the patient (medical cabinets, 

selfanonitoring) 

— low cost of Instrumentation and simple manipulation 

— long stability of reagent Strips 

— no need for highly qualified personiiel 

— rapid analysis i$ possible on a freshly drawn blood 

sample t. 

— applicable in emergency and intensive care units. 

b) Disadvantages 

— complete dependence of the user on the manufacturer 

for the choice of methods and the quality 

of the reagents 

— mostly not appropriate for large sample batches 

— relative high cost price of test Strips 

— in view of the fact that the determinatioii is carried 

out on a sample without dilution, there is a greater 

chance of interferences by drugs 

— few reference values for internal quality control 

available 

— the participation in externäl control programmes 

is not always possible. 

The development of test Strips has led to two mainntypes: 

 a) Multiple layer film This approach makes use of film casting techniques. The support material 

usually consists of a thin rigid plastic or a plastic like material that may be transparent or 

reflective. The reflection zone serves to reflect any light not absorbed by the chemistry of the 

carrier onto a detection system. Usually pigments like TiO2 are added to enchance reflection. 

The reagent zone may be constructed of multiple film layers each containing partitions of a 

specific detection chemistry. Film matrices commonly consist of such polymers äs cross-linked 

gelatin, agarose, alginate, polyvinylalcohol, polyvinylpyrrolidone and cellulose acetate. Because 

of the strong absorption of TiO2 at 340 nm, methods based on UV measurements in most 

Systems cannot be used. With the Kodak multilayer film System, however, alanine 

aminotransferase, aspartate aminotransferase and lactate dehydrogenase are measured at 340 nm. 

pH-dependence of the matrix polymers requires reaction Systems without strong pH changes e. 

g. the diazo-based methodologies for bilirubin determination are not applicable. Residual water 

in the polymer matrices also necessitates the cool and hermetic preservation of the test Strips. 

b) Impregnated fibers 

The reagents are absorbed on cellulose carriers by saturating the matrix with reagent Solutions 

and drying them afterwards. This matrix itself acts äs a reflective layer. In contrast to the 

multiple layer films, this system is more dependent on sample volume, especially in endpoint 

reactions. The paper matriees commonly employed consist of pure a-cellulose with uniform fibre 

density and defined thickness. Only traces of water remain in the test Strips which makes the 

system more stäble with rio special requirements for packing material and preservation. With the 

exception of ion-selective electrodes for measurements of K+, Na+, Cl~ and CO2, chemical 

reactions occurring on solid phase chemistry analysis are monitored by reflectance spectroscopy 

or fluorescence spectroscopy and more rarely by conductimetry. a) Reflectance spectroscopy 

Two kinds of reflection have to be considered. The first one is specular reflection, which is the 
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mirrorlike reflection from a surface when the angle of the incidence is equal to the angle of the 

reflection. This type of reflection is of limited value in monitoring solid phase chemistries. The 

second one is diffuse reflection, which is a reflection from a matt surface. This is the only 

reflection of interest for the impregnated fibres technique, while both types are of interest in the 

multiple layer films. Reflectance measurements are comparable to transmittance measurements 

in absorption spectrometry.b) Fluorescence spectroscopy Reactions resulting in the appearance 

or disappearance of fluorescence are monitored by frontphase analysis  in which Irradiation and 

fluorescence both come from the same surface of the carrier. Unlike reflectance, measured 

fluorescence is linear with fluorophore concentration in the absence of selfquenching.  

 

  

Hormonal Assay 

 

A hormone is a class of signaling molecules produced by glands in multicellular organisms that 

are transported by the circulatory system to target distant organs to regulate physiology and 

behaviour. Hormones have diverse chemical structures that include eicosanoids, steroids, amino 

acid derivatives, peptides, and proteins. Hormones are the body's chemical messengers. They 

travel in the bloodstream to tissues or organs. They work slowly, over time, and affect many 

different processes, including 

 Growth and development 

 Metabolism - how the body gets energy from the foods  eat 

 Sexual function 

 Reproduction 

 Mood 

Endocrine glands, which are special groups of cells, make hormones. The major endocrine 

glands are the pituitary, pineal, thymus, thyroid, adrenal glands, and pancreas. In addition, men 

produce hormones in their testes and women produce them in their ovaries. 

Hormones could be  assayed by radio immunoassay(RIA), radioreceptor assay (RRA), 

scintillation proximity assay (SPA), enzyme immunoassay(EIA) or enzyme linked 

immunosorbent assay (ELISA). fluoroimmunoassay (FIA),  and chemiluminescent 

assay (CIA). 
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