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Clinical Biochemistry 

 

Clinical Biochemistry: is the application part of Biochemistry for diagnosis of the clinical 

condition by determining various constituents in different body fluids. Determination can 

be qualitative or quantitative. Different body fluids used for diagnosis include Blood / 

plasma / serum, urine, C.S.F., sputum, stools, semen etc. For example, quantitative 

determination of glucose in blood, its qualitative identification and quantitative 

determination in urine help in the diagnosis of diabetes miletus. Quantitative 

determination of urea and creatinine in blood and urine help in the assessment of kidney 

functioning.. Or determination inorganic substances like Na, K, Ca, Cl...etc. or may be 

enzymes or hormones in order to diagnosis of diseases, by many methods as manual , kit 

and automated .  
  

A                                                        B                                                        C 

 

Fig1. Analysing the samples(A) the automated analyse(B) Kit analyses and(C) manual methods.   

Biological specimens are: 
 

 1-Blood      2-Urine     3-Stool      4-Gastric fluid     5-CSF     6- Saliva   7-Sweat. 

 

Blood 

 

Blood could be obtained from three different sources: 
  

a-Capillary blood:  

            It is obtained from finger of thumb after cleaning with spirit. Sufficient pressure is 

used to force out the blood which is allowed to run in suitable pipette .The pipette should 

be dry and clean. Not more than 0.2 ml of  blood could be obtained by this source. Such 
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sample is used for hematological analysis like RBC & WBC count, Hb ...etc. 

b- Arterial blood: 

           It is restricted for blood gases analysis i.e. for CO2, O2, HC03, pH ...etc. 

c- Venous blood: 

           Used for analysis of all chemical constituents in blood, like glucose, urea,  

cholesterol ...etc. Tourniquet is used which aid in the identification of vein and in the 

rapid removal of  blood. Samples should  be well preserved from the time of collection to 

the time of starting analysis. 
 

Avoiding hemolysis: 

1 - Syringe and needle should be clean and dry. 

2- Minimum amount of constriction should be applied to the arm. 

3- Blood should be flow slowly and steadily in to the syringe. 

4- Needle should be remove from syringe before expelling blood in to the tube. 

5- Gentle rotation should be used when the tube contains anticoagulant. 
 

The method used to obtain serum  

        When blood is drawn from a patient, it is transferred to a clean and dry tube after the 

needle has been removed. The blood is then allowed to clot for at least (10 -15) min. at 

room temperature. The clot may adhere to the wall of the tube, so that making a gentle 

sweep around the inside walls of the tube with a wooden stick should be performed 

before centrifugation. However, during this time glycolysis takes place and there can be a 

shift of substance from cells to serum. After the blood has clotted, the tube is centrifuged 

and the supernatant serum removed . Serum for tests of total protein  , albumin , globulin 

, cholesterol ( free & ester) , creatinine , uric acid, enzyme .   
 

Note: centrifugation was about 10 min at 3000 xg. 

The method used to obtain plasma or whole blood. 

         If whole blood or plasma is desired, an anticoagulant must be added to the 

specimen, then the sample centrifuged for 10 min at 3000 xg  to obtain plasma. The 

technologist must be certain that the anticoagulant used does not affect the chemical 

analysis. Whole blood for tests of glucose, Hb , urea .While  plasma for tests of chloride , 

vit C , fibrinogen , bicarbonate. 

• If the anticoagulant is present as sodium or potassium salt and electrolytes are being 

analyzed a significant error can occur. 

• In the case of using oxalate, calcium are being analyzed, oxalate removes calcium 

from serum by forming an insoluble salt. 

• Oxalate has been reported to inhibit lactate dehydrogenase (LDH), acid phosphatase 
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(ACP) and amylase. 

• Fluoride if present in very high concentration inhibits urease but may activate amylase. 

Anticoagulants 

1- Heparin: It is the most convenient anticoagulant because it does not produce any 

change in the chemical constituents of the blood. It act as antithrombin, preventing the 

transformation of prothrombin in to thrombin and thus preventing the transformation of 

fibrinogen in to fibrin. Heparin has also been shown to possess antithromboplastin 

activity and inhibit the lysis of platelets. Usually about 20 units of heparin are used per 

milliliter of blood (20U/ ml blood) 

2- Sodium and potassium oxalate: It inhibit  blood coagulation by forming insoluble 

complex with calcium ions which are necessary for coagulation. Potassium oxalate is 

most widely used because it is more soluble. (2mg/ml) of blood is required to prevent 

clotting. 

3- Ammonium oxalate (double oxalate): 3part of ammonium oxalate + 2 part of 

potassium oxalate to form double oxalate. It is used for certain hematological 

investigation (2mg/ml) of blood is used to prevent clotting. It should not be used when 

NH3 or urea is wanted for estimation because it rise the ratio of nitrogen. 

4- Sodium citrate: This salt does not precipitate calcium but change it in to non ionized 

salt. 3mg/ml blood is used. 

5- Sodium fluoride: Although usually considered as a preservative for blood glucose 

determination, also act as a weak anticoagulant such as potassium oxalate. 2mg/ml blood 

is used to prevent clotting. It exerts it action by inhibiting the enzyme system involved in 

glycolysis( Enolase). 

6- Ethylene di amine tetra acetic acid (EDTA): It is useful for hematological 

examination since it preserve the cellular constituents of the blood. It is used as disodium 

or dipotassium salt, the later being more soluble. 2mg/ml of blood is used to prevent 

clotting, EDTA is a chelating agent derives its anticoagulant activity by chelate the 

calcium which is needed for clotting mechanism. 
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Fig 2. Blood specimen tubes specific biochemical tests. 
  

Protein precipitants : 

In clinical chemistry analysis the first stage is to remove protein from serum in order 

to prepare protein free filterate (PFF) because protein is colloidal substance which will 

produce turbidity of the solution which will affect the reading of absorbance in 

spectrophotometer. The common protein precipitant used in clinical chemistry laboratory 

are: 

1- Tungestic  acid: 

Prepared by mixing solution of 10% of sodium tungestate with 2/3N of sulfuric acid. 

2- Tri chloro acetic acid : 

It was used in a concentration of 10% giving acidic filtrate. It gives large volume of PFF 

compared with other precipitant. 

3- Alkaline zinc salt: 

Equal volume of ZnS04 solution mixed with NaOH solution of the same normality 

(0.5N) for the preparation of Zn(OH)2 which is an active protein precipitant, shaking 

should be done after each addition before centrifugation. 

4- Organic solvent. 

Like ethanol, acetone, CCL4, chloroform, these solvents not only precipitate protein but 

also they extract lipid material from serum like cholesterol. 

 

Urine 

          It is an ultra filtrate fluid from the blood, the filtration occurs in the kidney and 

excreted outside the body through urinary tract. Urine is a good media for bacterial 

growth that is why the sample should be collected in clean, sterilized vessels and should 

be examined with in half an hour after its collection. Otherwise its kept in refrigerator till 

the time of examination, this sample should be warmed before analysis. 

Urine Samples 

Many different samples of urine could be collected: 

1- Random sample: This sample may differ from person to another depending on 

physical, pathological and dietary condition taken at any time and kept in covered vessel. 

2- Morning sample: Usually the most concentrated of any other time of collection and is 

the most uniform from day to day, that is why it is preferred for analysis than any other 

sample. 

3- Timed sample: Are needed when quantitative estimation is to be carried out, used for 

measuring the kidney function. The sample may be 24hr, 3hr, ....etc collected in suitable 

container containing preservative like benzoic acid, toluene,.... can be used for measuring 

the total urinary excretion per day. 
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4- Catheterized sample: Collected in cases of anuria (total suppression of urine excretion) 

using a catheter. 

5- Bacteriological sample: Collected in sterilized, clean test tube, mid stream is preferred 

for such analysis, the tube should be closed directly after urine has been put in. 

Collection of 24 hour urine sample: 

A 24-hour sample may be collected between 8.00 on Monday and 8.00 on Tuesday, the 

procedure is therefore as follows: 

1 - At 8.00 on Monday the bladder is emptied completely, Whether or not the patient 

feels the need , Discard the specimen. 

2- Collect all urine passed until: 

3- At 8.00 on Tuesday the bladder is emptied completely, Whether or not the patient feels 

the need , Add the specimen to the collection. 

The shorter the period of collection, the greater the error if this procedure is not followed. 

Urine sample processing include 3 test tubes: 

1- Chemical examination: Sugar, protein, acetone, bilirubin,….etc. 

2- Macroscopically examination: Color, odor, specific gravity, transparency, …etc. 

3- Microscopically examination: Cast, pus, RBC, crystals, ........ etc. 

Normal person excrete about (1200-1500) ml/day of urine and volume affected by 3 

factors: 

1- Physical factor: Include temperature, exercise. 

2- Type of diet: Protein diet and high water intake increase urine output. 

3- Pathological factor: Like diabetes mellitus, it increases urine output, while stones,    

nephritis decreases it. 

Terms used to describe urine volume : 

1- Polyuria: It is an increase the daily output of urine as in cases of D.M . 

2- Oligouria: Decrease in urine volume output/day as in fever, acute nephritis, diarrhea 

and nephritis. 

3- Anuria: It is the total suppression of urine excretion found in shock, mercury 

poisoning, and sulphadrug treatment. 

 

Changes of urine constituents on keeping. 
 

1- Bacteriological factor: Bacterial growth may takes place which convert urea to 

ammonia as in the following reaction :The liberation of ammonia will change the pH of 

urine from acidic to basic side that is such sample is not suitable for urea, ammonia  and 
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pH estimation. 
 

2- Some yeast: It may act on urine sample changing the glucose content to pyruvic acid, 

therefore such sample is not suitable for glucose determination. 

3- Phosphate: It may be precipitated when the pH of urine is alkaline, that is why adding 

to such sample few drops of 5 %  acetic acid before analysis. 
 

4- Uric  acid and other urates: They are precipitated in cold urine, therefore such sample 

should be warmed before starting analysis. 
 

A routine examination of urine involves the following tests : 
 

Color, odor, transparency, reaction, specific gravity, albumin, sugar, acetone and 

microscopically examination. 
 

Color 

         Pale yellow due to the presence of urochrome (a pigment found in urine),colorless 

due to reduce concentration, yellow foam its usual cause in the bile, milky due to the 

presence of pus, bacteria or epithelial cells. 
 

Odor 

         Ammoniacal after bacterial growth, it may give the odor of acetone in cases of 

acidosis due to the presence of ketone bodies. 

Reaction of urine 

         The normal pH for freshly voided urine being (4-8). Acidic urine become alkaline if 

allowed to stand because of urea decomposition in to ammonia. Increased acidity is 

found in fever & diabetes. 

Specific gravity of urine 

         Specific gravity is a term used to compare the weight of a liquid with the weight of 

water. The normal range of specific gravity of urine is between (1.015-1.025). Increased 

value found in nephritis, fever & D.M. 

Transparency 

The transparency of urine may be classified as clear or cloudy. The more suspended 

material, the greater the cloudiness. 

Normal constituents of urine 

1- Urea : Constitute about half of total constituents of urine, it is the principle end product 

of protein metabolism. It is increased when catabolism of protein increase as in fever & 

D.M . In hepatitis urea production decrease that is why its excretion in urine decreased. 
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2- Ammonia :  Normal urine contain little amount of ammonia, its formation increased in 

cases of acidosis due to D.M . 

3- Creatine and creatinine : Creatinine is a product of creatine dehydration, excreted 

normally in constant amount in urine from day to day. Creatine is synthesized in the 

liver, this compound transmitted by the blood to the muscle, stored as creatine phosohate 

which serves as energy source, then liberate energy and metabolized to creatinine which 

is excreted in urine  

4- Uric acid :  It is the end product of purine metabolism. Derived from nucleic acids 

DNA & RNA which is their source is either dietary or from tissue breakdown. Uric acid 

excretion increased in gout & leukemia. 

5- Amino acids: All naturally occurring A.As are found in normal urine. Their excretion 

is increased in urine of adults when compared with urine of infants. It is also affected by 

food intake and increased in liver diseases. 

5- Salt & minerals: As chloride, sulfate, phosphate, oxalate, sodium, potassium, calcium, 

magnesium, etc. 
 

Abnormal constituents of urine 

1- Albumin: It is a protein. The presence of albumin in urine is referred to as albumin 

uria. Albumin uria indicate a fault in the filtering system of the kidney, it is of 2 types : 
 

a- Physiologic proteinuria: Found after severe exercise, emotional stress.  

b- Pathologic proteinuria : Pre renal, renal & post renal. 

    Globulin is found in urine in more severe conditions as in multiple myeloma, 

leukemia..., this type of protein is known as bence Jones protein. 
 

2- Glucose:  Glycosuria  is  the appearance of glucose in urine in high concentration as in     

the case of D.M. Also occur after exercise and emotional stress. 
 

3- Ketone bodies: Acetone, aceto acetic acid and P-hydroxy butyric acid are present in 

urine of patient of severe D.M due to an increase in fatty acid catabolism. 
 

4- Bilirubin: It is a pigment found in urine of patient with jaundice. 
 

5- Blood:  Heamaturia means the presence of  RBCs in urine due to the lesion of any part 

of urinary tract. 

 

Electrolytes 

Electrolytes are distributed in solution through all the body fluids, the cat ions 

(positively charged) of these electrolytes are Na, K, Ca & Mg. The chief cat ion of 

plasma and other extracellular fluid is Na and in the intracellular fluid is K.  

Among the anions of body fluids are Cl, HCO3, H2PO4, HPO4, SO4 and protein. 
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The chief anion of plasma and other extracellular fluids is Cl and in the intracellular 

fluids is HPO4 and protein. 

Sodium ion (Na) 

 

Functions 

Sodium ion has the following functions in the body: 

 1 - It is the major cation of extracellular fluid, combined with HCO3 or Cl for   

acid - base regulation. 

 2- Sodium maintains osmotic pressure of extracellular fluid (ECF) balance. 

 3- Keep normal irritability of muscles and the permeability of the cells. 
 

Requirement 

 Daily requirement is 4-5 gm as NaCl, absorbed directly from intestine and excreted 

with urine. It is present as (1.09) gm of (Na+) per Kg of body weight.  
 

Regulation of sodium reabsorption 

 The maintenance of Na balance is under the control of the hormone aldosterone 

from the adrenal cortex. Aldosterone increases the reabsorption of Na by the kidney 

tubules. 

 

Clinical significance: 

N.V. for Na+ in serum = 135-148 m.mole/L. 

N.V. for Na+ in urine = 143-217 m.mole/L. 

N.V. for Na+ in CSF = 138-155 m.mole/L. 

 

Hypo naturemia 

1- Dehydration as vomiting, diarrhea, in acidosis due to poor renal reabsorption, polyuria, 

excessive sweating. 

2- When there is a decreased secretion of aldosterone hormone as in Addison disease , 

Hypotension .   

Hyper naturemia 

Increased in serum sodium is rare, it may occur in the following conditions: 

1- When there is an increased secretion of aldosterone hormone as in Cushing disease. 

2- When large amount of fluid given to patient intravenously. 

3- In high cortisone intake. 

Sodium ion was assayed using flame photometer. Its reference value is (135-150)meq/l 

of serum. 
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Potassium ion (k) 
 

It is a major cation of intracellular fluid, about 4 gm taken daily with food, its 

normal range in extracellular fluid is (3.2-5.5) m mole/l. The intracellular Conc. Is (23) 

times higher than the extracellular Conc. . It was assayed using flame photometer. 

 

Functions 

1- In extracellular fluid, it affect the normal function of muscle especially heart muscle. 

2- In intracellular fluid, it has the same function of  Na, by keeping normal osmotic 

pressure, normal acid - base balance, it activate some enzymes and affect ribosome for 

protein synthesis. 
 

Absorption 

Absorbed directly from intestine and excreted with urine, the capacity of the 

kidney to excrete K is so great so hyperkalemia will not occur. Aldosterone hormone 

increases excretion of K. 

Clinical significance: 

N.V. of serum K = (3.5-5) m. mole/ L. 

N.V. of Urine K = (3.5-5) m. mole/ L. 

Hyper kalemia 

1- Renal failure 6-Advanced dehydration. 

3- Addison disease 7- Myocardial infarction. 

4- Metabolic acidosis.               8- Urinary obstruction. 

5- Insulin deficiency 

Hypo kalemia 

1- Malnutrition                       3- Severe diarrhea & Vomiting  

2- Alkalosis will lead to hypokalemia.            4-Cushing disease 

 

In most of these cases intracellular K is transferred to the extracellular fluid, and this K 

quickly removed by the kidney because aldosterone hormone increase excretion of K. 

Phosphorus (PO4) 
 

Phosphorus is found in every cell of the body, but most of it about 80% is 

combined with calcium to form calcium fluoro phosphate in the bone, the remainder 20% 

is found in the following forms: 
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1- Free inorganic phosphate (in serum) 

3- Phospho lipid (in serum) 

4- Organic phosphate (nucleic acids, nucleotides, organic phosphate esters) in 

erythrocytes. 

Functions 

1- Mineralization of bone along with Ca. 

2- Has a major as a component of vital molecule such as nucleic acid nucleotides 

(NAD,NADP) phospholids and some protien. 

3- Integral part in buffering system of blood HPO4,H2PO4 in ratio 4:1at PH=7.4. 

4- Essenial components of ATP they form of energy transport and storage in living cell. 
 

Absorption 

1- Free phosphate absorbed in jejunum by active and passive diffusion. 

2- Unlike calcium phosphate absorption is proportional to dietary intake. 

3- Phosphate absorption increased by present (Vit. D) and the synthesis of (Vit.D) 

increased when (PO4) decreased. 

4- Deposition of phosphate as hydroxyl apatite in regulated by (PTH). 

5- 85-90 of plasma phosphate is filtered by glomerular filtration . 

6- Reabsorption of PO4 is inhibited by PTH and increase by Vit.D. 

 

 It is favored at the following factors : 

 1-Acidic pH   2-Vitamin D        3-Low serum calcium 
 

Clinical significance: 

N.V. of S. PO4 = 1
st
 year of live=4-7 mg/dl. 

= Children =4.5-6.5 mg/dl. 

= Adult= 2.4- 4.5 mg/dl. 

PO4 decrease during menstrual period. 

PO4 decrease after Meal. 

PO4 U. 0.4-1.3 g/dl 

 

Hyper phosphatemia 

 1- Hypoparathroidism       2- Hyper vitaminosis       3- Renal failure 

                4- In normal children due to secretion growth hormone   5- Diabetic ketosis 

Hypo phosphatemia 

                 1- hyper parathyroidism     2- Rickets( decrease Vit D)     3-  Acute alcoholism                 

4-Fanconi syndrome( disorder in PO4 reabsorption).    5-Osteomalicia  
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Iron (Fe) 
 

 Daily requirement is from (0.8-l) mg, it is increased during pregnancy, lactation & 

growth. The total amount of iron in an adult is approximately (4-5)gm distributed as 

follows: 

Hemoglobin (60-70)% 

Myoglobin   (3-5)% 

In enzymes such as cytochrome, cytochrome oxidase, peroxidase, catalase  < (1)% 

Storage form mainly ferritin                      (25)% 

Normal value (65-180) µg/dl 
 

Functions: 

1- In humans, iron is an essential component of proteins involved in oxygen transport, as 

it is a part of Hb molecule. 

2- It is also essential for the regulation of cell growth and differentiation 

3- It serves in electron transport system in living tissue depending on its ability to 

undergo valence changes, such as its function in cytochrome, cytochrome oxidase and 

catalase enzyme. 

Absorption 

Small amount of iron is absorbed from the stomach, while most of absorption takes place 

in the duodenum & jejunum of the intestinal tract. 
 

Metablism 

Ferric(Fe) in food                           Free(Fe) or loosely bound organic Compound 

 

Apo ferritin+ Ferric                                     Ferrous(absorbed from stomach or Intestine) 

(In intestine) 

   Ferritin (ferric) 

Ferrous(plasma)                    Ferric+ β - globulin            Transferrin 

                                                          Taken by the bone marrow, spleen & RBC 

That’s why iron is said to circulate in closed circulation as it can not be excreted 

in urine because it has been combined with high µ.Wt β- globulin and it is stored in the 

form of ferritin in the mucosal cells of the stomach and intestine. 

Clinical significance: 

Decreased 
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1- Deficient absorption of iron from stomach and intestine. 

2- Chronic blood loss. 

3- In pregnancy, due to storage of iron in fetus tissue. 

4- Nephrosis, due to protein loss. 

5- Malignancy. 

Increased 

1- RBCs destruction as in hemolytic anemia. 

2- Decreased utilization of iron as in lead poisoning. 

3- Hepatitis, due to increased release of iron from body stores. 

4- Homochromatosis, due to increased absorption of iron from stomach and 

intestine. 

5- Lead poisoning. 
 

Trasferrin(TRF) 

Transferrin is a plasma glycoprotein responsible for transporting iron in the 

circulation. It is synthesized in the liver and has a molecular weight of 76,500kDa (not 

filtered by kidney). Each transferrin molecule has two iron-binding sites where it is able 

to bind ferric iron. Normally, about l/3 of transferrin is combined with iron, while the 

other 2/3 needs to combine with iron. Unsaturated iron binding capacity (UIBC) The 

part of transferrin which is not combined with iron . 
 

Total iron binding capacity (TIBC) 

It is the total amount of iron circulating in the plasma plus the iron that could be 

bound. It is used to estimate the transferrin level in serum. 

TIBC =Plasma iron + UIBC 

TIBC increased in:  

     1 - chronic iron deficiency. 2- Liver necrosis 

TIBC decreased in:  

1- Liver cirrhosis 2- Hemochromatosis 

3- Nephrosis 4- Malignancy 

It is an essential cationic component of all living matter. Reference value (9-11.5)mg/dl 
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Calcium(Ca) 

 

Functions: 

1- formation of bone mineral as hydroxyapatite [Ca10(PO4)6(OH)2]. 

2- Participate in blood coagulation. 

                        Thromboplastin 

Prothrombin                                     thrombin 

                                (Ca)  

           Fibrinogen                                                  Fibrin 

3- Activation of a number of enzymes or binding proteins which require Ca
+2

 as a 

specific cofactor. 

4- Transferring inorganic ions across cell membrane. 

5- Release and responses of most hormones. 

Note: Blood should always be drawn with minimum stasis when assay of serum calcium 

is required? 

Since prolonged stasis will cause movement of water and small molecules from 

the veins in to the interstitial fluid, with a consequent rise in the concentration of large 

molecules such as protein and of protein- bound constituents, especially Ca. 

Occurrence 

 

Calcium 

 

 

99% in the bone as calcium fluoro phosphate apatite                                1% in serum 

   

 

  non diffusible(40-50)%                                                                      diffusible free Ca 

  81% bound to albumin                                                         Ionized Ca (physiologically 

active) 

       19% bound to α , β & γ globulin 

 

 
 

                                                  IonizedCa                                                                    complexes by 

citrate,                                                                                                                                                                                 

phospate,HCO3, sulphate 
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Metabolism  

It is mostly absorbed from the upper small intestine (duodenum), it is need acid 

pH, vitamin D and parathyroid hormone. 
 

Factores affecting calcium level 

1- Acidic pH : Absorption increase in acid media and decrease in alkaline. 

2- Vitamin D3: Increase absorption of calcium. 

3- Parathyroid hormone : Direct influence on calcium absorption. 

4- Serum protein : Any decrease in serum protein will affect serum level of calcium, 

it  affect only the diffusible form of Ca. 

5- Serum phosphorus: There appears to be a reciprocal relationships between Ca &P. 
 

Clinical significance: 

N.V of S. Ca = 2.25-2.75 m.mol/L 

Hyper calcemia 

1- Primary hyperparathyroidism (accompanied with decrease serum phosphorus 

level). 

2- Hyper vitaminosis (D). 

3- Multiple myeloma. 

4- Polycythemia vera. 
 

Hypo calcemia 

 1- Hypoparathyroidism. 

2- Osteomalacia 

3- Hypoproteinemia. 

4- Tetany. 

5- Pancreatitis 

6- Nephritis.  

7- Rickets. 

Chloride (Cl) 
 

Is an electrolyte (anion),it is a major extracellular anion. Reference value (95-107) 

meq/1 Source:From diet especially NaCl. 

In fluid 103 mmole/1 of total anion conc. 

Of Approximately 154mmole/l 

Occurrenc 

                                    RBCs (49-54) mmole/1 lower than in serum. 
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Absorption: By intestinal tract and removed by the glomerular filtration from blood. 

Functions 

1- Maintain water distribution. 

2- maintain osmotic pressure. 

3- Maintain anion-cation balance in the extracellular fluid. 

Clinical significance: 

N.V. of serum Cl = 98-106 m.mol/L. 

         Of urine Cl = 110-250 m.mol/L. 

 

Hypo chloremia 

1- Through excessive sweating. 

2- Prolonged vomiting from any cause and diarrhea. 

3- Metabolic acidosis. 

4- Kidney failure. 

5- Addison disease. 

Hyper chloremia 

1- Hyper parathroidism. 

2- Excessive intake of chloride. 

3- Prostate obstruction. 

4- Heart failure. 

Magnesium (Mg) 

Occurrence 

70% of it is found in the bone in combination with Ca and PO4 

30% In body fluids and soft tissue. 
 

Metabolism 

1- Mg+2 is absorbed in the upper intestinal . 

2- Unlike Ca+2 , Mg absorbed is not depend on Vit D or any factors. 

3- PTH and aldosterone hormone may play a role in regulating serum Mg level. 

4- High Ca , protein & phosphate in the diet will diminish Mg absorption. 

Function 

It is essential metal for the reaction for which ATP is a substrate is (Mg-ATP) Thus 

the synthesis of protein , nucleotide , lipid  and carbohydrates . The activation of muscles 

contraction required Mg . Mg also help to transport ( Na , K) across cell membrance. 
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Clinical significance: 

N.V. of  serum  Mg   = 1.3 -2.1 m. mole/L. 

         of urine Mg = 6-10 m. mole/L. 

Hypo magneimia: 

1- Tetany.                                  5- Chronic alcoholism. 

2- Malabsrption syndrome.        6- Aldosteronsim. 

3- Acute pancreatitis.                 7- Chronic glomerulonephritis.  

4- Hypoparathrodism. 

 

Hyper magneimia: 

1- Dehydration                           4- Defective glomerular filtration. 

2- Sever diabetic acidosis.           5- Highest elevation in uremia. 

3- Addison 's disease  

 

Trace elements 

Trace elements: They are biological elements which are so called because small 

amounts of them are found in human body. Although they are essential for health, they 

are toxic if ingested or inhaled at sufficient high levels and for a long period. They 

contain (13) element (4) of them are non-metal such as (Si,F,I,Se) and the other are 

metal. 

1- Fluoride : It is found in bone and teeth. 

2- Iodine : Required for normal thyroid function it is nonmetal , trace elements to life 

(70-80%) of iodine amount in the body. 

3- Selenium : Required for prevention a white muscle disease and make activation for 

some enzyme. 

4- Cobalt :  

1. Essential component of (Vit. B12).  

2. Cobalt absorption increased in liver disease , Iron overload and Idiopathic 

hemochromatosis.  

3. Cobalt is excreted primary in the urine.  

4. It has low order of toxicity.  
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5- Copper : 

 Necessary for normal function of all living cells: 

1- Human body contain >100g copper.  

2- In mucosal cell its bind with a protein and called metallothionin.  

3- Copper absorbed in intestine by complex mechanism.  

4- In plasma its bind with histidine and albumin .  

5- Copper hemostasis is maintained and eliminated by biliary excretion.  

6- Copper is essential part of some protein ceruloplasmin and enzyme superoxide 

dismutase , cytochrome oxidase.  

7- Copper decrease in (Minkes disease) and increased in (Wilson's disease). 

6- Manganese:  

1. It is necessary factor for synthesis of oligosaccharides, glycoprotein .  

2. Absorption of (Mn) increased in (Fe) deficiency.  

3. Integral part of many enzyme such as hydrolase, kinase decarboxylase. 

7- Zinc:  

1. Essential for many enzyme action.  

2. Normal liver function and synthesis of DNA.  

3. Human body contain (2-3)mg of Zn.  

4. Zinc deficiency in fetus retarded male formation of the body growth, chromosomal 

abnormality.  

 

Water and their Disturbance 

1- H2O is the most abundant component in body and makes about 60% of the body 

weight in male and 50% in female .  

2- 66% of the water present inside the cells and 33% in the intracellular fluid.  

 

Sources of H2O:  

1. Drinking water (0.5-5) Liter each day.  

2. Food containing water.  

3. Metabolic reaction in body produced (300-500) ml /day.  

 

Sources of H2O loss:  

1. Loss of H2O vapour by expiratory air.  

2. Loss of H2O with in the urine (0.5-4)l/day.  
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3. Loss of H2O from kidney by sweating (500-850) ml/day.  

4. Loss of H2O with feces.  

Buffer system: 

It is a mechanism against acid- base disturbance, which quick mechanism to 

prevent change of (PH), it controls of PH by large excreted (PCO2) and kidney excreted 

nonvolatile acid .The body contains a number of buffers against any change in (H+) 

production, protein act as buffer, hemoglobin in erythrocyte has high capacity for binding 

(H+). In the (ESF), bicarbonate buffer is most important in the buffer system, bicarbonate 

(HCO3) combines with (H+) to form carbonic acid (H2CO3) this buffer system in unique 

in that the (H2CO3)can dissociate to water and CO2. The reaction is accelerated by an 

enzyme. Carbonic anhydrase which is present in the erythrocyte and kidney.  

 

Acid-Base Balance  

Hydrogen ion [H+] is proton , so is an acid substances that acts as proton donor and base 

is substances that accept proton [H+] in solution. 

Blood PH = 7.35 – 7.45 Normal Range 

 

       (Acidosis)                                                            ( Alkalosis)  

 

6.8(death)              Acidosis             7.35 - 7.45             Alkalosis                  7.8 (death)  

 

Some Sources of [H]  

1- Protein = - From amino acid  

2- CO2 formed from metabolism of tissue.  

3- Lactic acid = During exercise.  

4- Keto acid = Acetone , aceto acetic acid, β-butyric acid.  

5- Ingestion of acidifying salt (as NH4Cl or CaCl2).  

6- Renal failure and diabetic ketoacidosis.  

 

Some alkaline sources in body  

1- Fruits = The main dietary source of alkaline.  

2- Ingestion of large amount of NaHCO3 or KHCO3.  

3- Vomiting of gastric juice rich HCl.  
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Carbohydrate 
 

It is defined as a compound of ploy hydroxyl aldehyde or ketone, or a compound 

that yield one of these compounds on hydrolysis. 

Classification 
 

1- Monosaccharides :  

The simplest carbohydrates, are aldehydes or ketones that have two or more 

hydroxyl groups; the empirical formula of many is (C-H2O)n, literally a "carbon 

hydrate." Monosaccharides are important fuel molecules as well as building blocks for 

nucleic acids. The smallest monosaccharides, for which n = 3, are dihydroxyacetone and 

dand l-glyceraldehyde, They are referred to as trioses (tri- for 3). Dihydroxyacetone 

(DHA) is called a ketose because it contains a keto group, whereas glyceraldehyde is 

called an aldose because it contains an aldehyde group. Glyceraldehyde has a single 

asymmetric carbon and, thus, there are two stereoisomers of this sugar(Number of stereo 

isomers =2
n
, where n = no. of asymmetric carbon atoms ). D-lyceraldehyde and             

L-glyceraldehyde are enantiomers. 

 

 
 

Simple monosaccharides with four, five, six, and seven carbon atoms are called 

tetroses, pentoses, hexoses, and heptoses, respectively. The physiologically the most 

important of monosaccharides especially the D form are the most common hexose 

because most of sugar in human being are of D configuration. 

 
 

                                                                        Aldosugar                ketosugar  

Trioses                       C3H6O3                         glycerose                  DHA     

Tetroses                     C4H8O4                         erythrose                 erythrulose 

Pentose                      C5H10O5                        ribose                       ribulose 

Hexoses                     C6H12O6                        glucose                     fructose 
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Fig 3. D-Aldoses containing three, four, five, and six carbon atoms. 

 

Fig 4. D -Ketoses containing three- four, five, and six carbon atoms. 
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The open chain structures of glucose and fructose are not the predominant form in 

solutions, they can cyclize in to rings because of the presence of 2 functional groups 

(carbonyl and hydroxyl groups). 

 

Fig 5. Pyranose Formation. The open-chain form of glucose cyclizes when the C-5 hydroxyl group 

attacks the oxygen atom of the C-1 aldehyde group to form an intramolecular hemiacetal. Two 

anomeric forms, designated and , can result. 

 

2- Disaccharide :  

Disaccharide consists of two sugars unit joined by glycosidic bond, Its general formula is 

(CnH20) n-1 . Three abundant disaccharides are sucrose, lactose, and maltose (Fig 7 ).  
 

*Sucrose (common table sugar) is obtained from cane or beet, consists of glucose 

joined to fructose. the configuration of this glycosidic linkage is α for glucose and β for 

fructose. Sucrose can be cleaved into its component monosaccharides by the enzyme 

sucrase. 

 

 Sucrose                                Glucose + Fructose  
 

*Lactose, the disaccharide of milk, consists of galactose joined to glucose by a β-

1,4-glycosidic linkage. Lactose is hydrolyzed to these monosaccharides by lactase in 

human and by β-galactosidase in bacteria. 

 

 Lactase                                     Glucose + Galactose  
 

 sucrase

e 

 lactase

e 
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*maltose, two glucose units are joined by an α -1,4 glycosidic linkage. Maltose 

comes from the hydrolysis of starch and is in turn hydrolyzed to 2 glucose by maltase.  
 

  

            Maltose                           glucose +  glucose 

   

  (A): Structure of Maltose           (B): Structure of sucrose            (C): Structure of Lactose     

Fig 6. Common Disaccharides. Sucrose, lactose, and maltose. 

3- Oligosaccharides:  

Oligosaccharides are short chains of monosaccharides linked to gether by glycosidic 

bonds, example Raffinose and Melezitose. In the case of oligosaccharides linked to 

proteins (glycoproteins) or lipids (glycolipids).It is  synthesized through the action of 

specific enzymes, which yield (3-6) monosaccharide unit on hydrolysis. 

 

4- Polysaccharides:  

Polysaccharides Most of the carbohydrates found in nature occur in the form of high 

molecular polymers called polysaccharides. There are two types of polysaccharides.     

These are: 
 

• Homopolysaccharides that contain only one type of monosaccharide building 

blocks. For example Starch, glycogen, Cellulose & Inulin. 
 

• Heteropolysaccharides, which contain two or more different kinds monosaccharide    

building blocks. For example  Heparin, Chitin & pectin….etc. 
 

Digestion of carbohydrate. 
 

Dietary carbohydrates principally consist of the polysaccharides (starch & 

glycogen). It also contains disaccharides (sucrose , lactose, maltose) and in small 

amounts monosaccharides (fructose and pentoses). Liquid food materials like milk, soup 

escape digestion in mouth as they are swallowed, but solid foodstuffs are masticated 

thoroughly before they are swallowed. 

 

 

 
 

 maltase

e 
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1. Digestion in Mouth 

Digestion of carbohydrates starts at the mouth, where they come in contact with 

saliva during  mastication. Saliva contains a carbohydrate splitting enzyme called 

salivary (α) amylase (ptyalin). 
 

Action of ptyalin (salivary amylase) 

It is α - amylase, requires Cl- ion for activation and optimum pH 6-7. The enzyme 

hydrolyzes α- (1,4) glycosidic linkage at random, from molecules like starch, glycogen 

and dextrins, producing smaller molecules maltose, glucose and disaccharides 

maltotriose. Ptyalin action stops in stomach when pH falls to 3.0. 

 

Starch or glycogen                         Glucose, Maltose And Maltotriose 
 

2. Digestion in Stomach 

No carbohydrate splitting enzymes are available in gastric juice. HCl may hydrolyze 

some dietary sucrose to equal amounts of glucose and fructose. 
 

3. Digestion in Duodenum 

Food reaches the duodenum from stomach where it meets the pancreatic juice. Pancreatic 

juice contains a carbohydrate-splitting enzyme pancreatic amylase. 
 

Action of pancreatic Amylase 

It is also an α - amylase, optimum pH 7.1. Like ptyalin it also requires Cl- for 

activity. The enzyme hydrolyzes α-(1,4) glycosidic linkage situated well inside 

polysaccharide molecule. Other criteria and end products of action are similar of ptyalin. 

It hydrolyzes terminal α-(1,4), glycosidic linkage in polysaccharides and Oligosaccharide 

molecules liberating free glucose molecules. 
 

Absorption of Carbohydrates 

Products of digestion of dietary carbohydrates are practically completely absorbed 

almost entirely from the small intestine. Absorption from proximal jejunum is three times 

grater than that of distal ileum. It is also proved that some disaccharides, which escape 

digestion, may enter the cells of the intestinal lumen by ―pinocytosis‖ and are hydrolyzed 

within these cells. No carbohydrates higher than the monosaccharides can be absorbed 

directly in to the blood stream. 
 

Absorption of monosaccharides by intestinal mucosal cells 
 

The duodenum and upper jejunum absorb the bulk of the dietary sugars. 

 However, different sugars have different mechanisms of absorption. For example, 

α -Amylase 
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 galactose and glucose are transported 

into the mucosal cells by an active, energy-

requiring process that requires a concurrent 

uptake of sodium ions; the transport protein 

is the sodium-dependent glucose 

cotransporter 1 (SGLT-1). Fructose uptake 

requires a sodium-independent 

monosaccharide transporter (GLUT-5) for its 

absorption. All three monosaccharides are 

transported from the intestinal mucosal cell 

into the portal circulation by yet another 

transporter, GLUT-2.  

 

 

 

                                                                         
 

Abnormal degradation of disaccharides 

The overall process of carbohydrate digestion and absorption is so efficient in 

healthy individuals that ordinarily all digestible dietary carbohydrate is absorbed by the 

time the ingested material reaches the lower jejunum. However, because it is mono 

saccharides that are absorbed, any defect in a specific disaccharidase activity of the 

intestinal mucosa causes the passage of undigested carbohydrate into the large intestine. 

As a consequence of the presence of this osmotically active material, water is drawn from 

the mucosa into the large intestine, causing osmotic diarrhea. This is reinforced by the 

bacterial fermentation of the remaining carbohydrate to two- and three-carbon 

compounds (which are also osmotically active) plus large volumes of CO2 and H2 gas, 

causing abdominal cramps, diarrhea, and flatulence.Most foodstuffs are ingested in form 

which are unavailable to the organism, since they can not be absorbed from the digestive 

tract until they have been reduced to smaller molecules. 

1. Digestive enzyme deficiencies: Genetic deficiencies of the individual disaccharidases 

result in disaccharide intolerance. Alterations in disaccharide degradation can also be 

caused by a variety of intestinal diseases, malnutrition, or drugs that injure the mucosa of 

the small intestine. For example, brush border enzymes are rapidly lost in normal 

individuals with severe diarrhea, causing a temporary, acquired enzyme deficiency. Thus, 

patients suffering or recovering from such a disorder cannot drink or eat significant 

amounts of dairy products or sucrose without exacerbating the diarrhea. 

 

Fig 7.Digestion of carbohydrates. 
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2. Lactose intolerance: More than three quarters of the world’s adults are lactose 

intolerant (Figure 7.11). This is particularly manifested in certain populations. For 

example, up to 90% of adults of African or Asian descent are lactase-deficient and, 

therefore, are less able to metabolize lactose than individuals of Northern European 

origin. The age-dependent loss of lactase activity represents a reduction in the amount of 

enzyme rather than a modified inactive enzyme. It is thought to be caused by small 

variations in the DNA sequence of a region on chromosome 2 that controls expression of 

the gene for lactase, also on chromosome 2. Treatment for this disorder is to reduce 

consumption of milk while eating yogurts and cheeses, as well as green vegetables such 

as broccoli, to ensure adequate calcium intake; to use lactase-treated products; or to take 

lactase in pill form prior to eating. [Note: Because the loss of lactase is the norm for most 

of the world’s adults, use of the term ―adult hypolactasia‖ for lactose intolerance is 

becoming more common. 
 

3. Sucrase-isomaltase complex deficiency: This deficiency results in an intolerance of 

ingested sucrose. The disorder is found in about 10% of the Inuit people of Greenland 

and Canada, whereas 2% of North Americans are heterozygous for the deficiency. 

Treatment includes the dietary restriction of sucrose, and enzyme replacement therapy. 
 

4. Diagnosis: Identification of a specific enzyme deficiency can be obtained by 

performing oral tolerance tests with the individual di - saccharides. Measurement of 

hydrogen gas in the breath is a reliable test for determining the amount of ingested 

carbohydrate not absorbed by the body, but which is metabolized instead by the intestinal 

flora. 

 
                               Fig 8. Abnormal lactose metabolism.  
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Metabolism 

A number of central metabolic pathways are common to most cells and organisms. These 

pathways, which serve for synthesis, degradation, and interconversion of important 

metabolites, and also for energy conservation. Is the sum of all enzymatic reactions 

occuring in the cells, controlled for the following: 

1.To obtain chemical energy. 

2.To convert exogenous nutrients in to building blocks of macromolecule. 

3.To assemble those building blocks in to protein, lipid, nucleic acids,…. etc. 

Metabolism is the sum of two pathways: 

Catabolism: Large and complex nutrient molecule coming from the cells are degraded 

to yield smaller and simpler molecule such as acetyl Co A, pyruvate ,…etc. 

Chemical energy is released and stored in the form of energy transferring molecule ATP.  

Anabolism: It is the biosynthetic phase/metabolism when macromolecule are built from 

their building units, energy is required for this synthetic work and is derived from that 

generated from catabolism. 

Note: Catabolism and anabolism occurs concurrently and simultaneously but they are 

independently regulated. 

  

 

 
Fig 9. Three stages of catabolism. 

Food 

Stage I: Hydrolysis of complex 

molecules to their component 

building blocks 

Stage II: Conversion of building 

blocks to acetyl CoA (or other simple 

intermediates 

Stage III: Oxidation of acetyl CoA; oxidative 

phosphorylation 
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Energy transferring molecule Adenosine 

Tri Phosphate (ATP) 

    Living cells require a continual input of 

free energy for three major purposes: 

1- The performance of mechanical work in 

muscle contraction. 

2- The active transport of molecules and ions. 

3- The synthesis of macromolecules from 

simple precursors. 

The free energy derived from the oxidation of 

foodstuffs is partly transformed in to a carrier, 

this carrier is adenosine tri phosphate (ATP). 

ATP is a nucleotide consisting of an adenine, ribose and tri phosphate unit, it has the 

following properties: 

1- Each phosphate bond when hydrolyzed release 7.3 Kcal/mol 

 

ATP                                     ADP +PO4                                            AMP+ PO4 

  

2- Phosphate bond cleavage need an activation by a specific enzyme called kinase 

which depend on the need of the body. 

3- Phosphate bond can not be hydrolyzed in aqueous medium. 
 

Carbohydrate metabolism 

Following absorption of monosaccharides in to portal vein, they are transported to the 

liver depending on the need of the body. Monosaccharides may be inter one of the 

following path ways: 
 

Polysaccharide  ------------------------- ► disaccharide ---------- ► monosaccharide  

  

 

      Energy + H2O + CO2                    Glycogen                 Keto acid                Lipid
  

 A.A        Protein 
 

The metabolism of carbohydrate may be subdivided as follows: 

1- Glycolysis: Metabolism of glucose molecule to pyruvate or lactate for production 

of energy 

2- Glycogenolysis: Breakdown of glycogen to glucose for use as energy. 

3- Gluconeogenesis: Formation of glucose-6-phosphate from noncarbohydrate 

sources  

7.3 Kcal/mol- 

7.3 Kcal/mol+ 

7.3 Kcal/mol- 

7.3 Kcal/mol+ 

 Fig10.Adenosine triphosphate (ATP). 
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4- Glycogenesis: Conversion of glucose to glycogen for storage 

5- Lipogenesis: Conversion of carbohydrates to fatty acids 
     

The sum of all these pathways control glucose level in blood. 
 

Glycolysis:  

The glycolytic pathway is employed by all tissues for the breakdown of glucose to 

provide energy (in the form of ATP) and intermediates for other metabolic pathways. 

Pyruvate is the end product of glycolysis in cells. phospho - fructokinase-1 (PFK-1) is the 

most important control point and the rate-limiting and committed step of glyco l ysis 

(Figure 8.16). PFK-1 is controlled by the available concentrations of the substrates ATP 

and fructose 6- phosphate. Net reaction of glycolysis: 
 

Glucose + 2Pi + 2ATP                           2 Pyruvate + 2ATP 

 Fig11. Embden-Meyerhof pathway of glycolysis. 
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Metabolism of fructose and galactose ( in the liver ) 
 

Fructose: About 10% of the calories contained in the Western diet are supplied by 

fructose (approximately 55 g/day). The major source of fructose is thedisaccharide 

sucrose, Entry of fructose into cells is not insulin dependent, Phosphorylated Fructose to 

form F6P then enters the glycolytic path ways. 
 

                fructo kinase                      

Fructose                              F6-P                                Enter the glycolytic path ways 

 

               ATP           ADP+Pi         

Galactose: The major dietary source of galactose is lactose obtained from milk. Like 

fructose, the entry of galactose into cells is not insulin-dependent. galactose must be 

phosphorylated before it can be further metabolized. 

 

 

                                                                     

Glucose-UDP                          galactose-UDPP                -l gala  Galactose                          

 

            ATP           ADP+Pi          
      

Enter the glycolytic path ways 

Regulation of blood glucose level 

The liver, pancreas, and other endocrine glands are all involved in controlling the 

blood glucose concentrations within a narrow range. During a brief fast, glucose is 

supplied to the ECF from the liver through glycogenolysis. When the fasting period is 

longer than 1 day, glucose is synthesized from other sources through gluconeogenesis. 

Control of blood glucose is under two major hormones: insulin and glucagon, both 

produced by the pancreas. 

Their actions oppose each other. Other hormones and neuroendocrine substances 

also exert some control over blood glucose concentrations, permitting the body to 

respond to increased demands for glucose or to survive prolonged fasts. It also permits 

the conservation of energy as lipids when excess substrates are ingested 
 

Glycogenolysis 
 

      Glycogen                     glu 1-P                 glu 6-P                                glucose 
 

Glucose 6-phosphtase 

galacto kinase 

                 

UDP-Glucose 

phospho gluco mutase 

Glucose 1-P 

epimerase 

Glucose 1-P Glucose 6-P 
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As blood glucose level increases usually by absorption of carbohydrate from the 

intestine, glycogenolysis is stopped and replaced by glycogenesis, where blood glucose 

is converted in to glycogen in liver and muscle. 

 
 

Blood glucose  

Glucose is supplied to blood from three different sources, they are: 

1 From the carbohydrate of foodstuffs. 

2 By process of glycogenolysis in which glycogen is hydrolysed to glucose. 

3 From process of gluconeogenesis in which glucose is formed from non-

carbohydrate sources. 

Normal value of fasting blood glucose is (65-110) mg/dl. After a meal rich in 

carbohydrate content the level of glucose in blood rise to (140-150) mg/dl. 

 

FBS: (65-1-00) mg/dl                          PPBS: less than 140 mg/dl 

 

Blood glucose level affected by many factors: 

1-Liver tissues. 2- Hormonal factor. 

 

3-Tissues, which are far from liver, like pancreas, kidney & brain. 

Glycogenesis 

Gycolysis 

TCA cycl 

. Glucose homestasisFig 12 
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Number of hormones is important in the regulation of blood glucose concentration: 
 

Insulin:  

is the primary hormone responsible for the entry of glucose into the cell. It is 

synthesized by the cells of islets of Langerhans in the pancreas. When these cells detect 

an increase in body glucose, they release insulin. The release of insulin causes an 

increased movement of glucose into the cells and increased glucose metabolism. Insulin 

is normally released when glucose levels are high. The effects of insulin on glucose 

metabolism promote its storage and are most prominent in three tissues: liver, muscle, 

and adipose. In the liver and muscle, insulin increases glycogen synthesis. In the muscle 

and adipose, insulin increases glucose uptake by increasing the number of glucose 

transporters (GLUT-4) in the cell membrane. The intravenous administration of insulin 

thus causes an immediate decrease in the concentration of blood glucose. In the liver, 

insulin decreases the production of glucose through the inhibition of glycogenolysis and 

gluconeogenesis. These are hormones released when blood glucose levels fall, and are 

there, along with lack of insulin, to ensure maintenance of a normal glucose level in the 

face of food deprivation. Their actions are in many respects opposite that of insulin. 

 

  
 

Fig 13. Islets of Langerhans.                                            Fig 14. The action of insulin.          

 

Glucagon:  

is the primary hormone responsible for increasing glucose levels. It is synthesized 

by the α-cell of islets of  Langerhans in the pancreas and released during stress and 

fasting states. It primarily acts on the liver, where it stimulates both glycogenolysis and 

gluconeogenesis. Regulation of secretion:  

 

Islets of Langerhans 

Cell-β 

  

Glucose uptake in muscle 

and adipose tissue 

Ketogenesis 

Lipolysis 

Proteolysis Uptake of ions (K+ and PO4-3) 

Protein synthesis 

Glycogen synthesis 

Glycolysis Glycogenesis 

Glucogenesis 
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Adrenaline(Epinephrine):  

Epinephrine, produced by the adrenal medulla, increases plasma A tyrosine-

derived molecule from the adrenal medulla that counteracts hypoglycaemia by:  

i. activating glycogenolysis in muscle and liver  

ii. stimulating adipocyte lipolysis .  

iii directly inhibiting insulin secretion.  
 

Cortisol:  

A steroid hormone released from the adrenal cortex stimulation by 

adrenocorticotropic hormone (ACTH). Cortisol increases plasma glucose by decreasing 

intestinal entry into the cell and By activating the gluconeogenic enzymes in the liver, 

and lipolysis.  

 

Growth Hormone:  

A peptide hormone from the anterior pituitary. it increase blood glucose level, it reverse 

insulin action by Inhibit glycolysis, promotes lipolysis (hydrolysis of triglycerides to free 

fatty acids and glycerol) in adipose tissue, Enhance the conversion of fatty acid to 

glucose.  

 

Other Hormones:  

       • Somatostatin from the δ-cells of the pancreatic islets. Not directly involved in 

carbohydrate metabolism but inhibits GH release. It also inhibits the release of both 

insulin and glucagon.  

        • Thyroxine from the thyroid gland also not directly involved but is known to 

stimulate.  

 

Hyperglcemia: The condition in which blood glucose level rises above the normal 

value. 

Glucose level increased in diabetes, hyperthyroidism, hyperpituitarism,nephritis, 

infections, pregnancy….etc. 

 

Hypoglycemia: The condition in which blood glucose level falls below the normal 

value. 

Glucose level decreased in hyperinsulinism, hypothyroidism,  hypopituitarism,hepatic 

disease , Addison disease and starvation. 
 

Glycosuria: A condition when glucose appear in urine when blood glucose 

concentration exceeds the RTH for glucose (180 mg/dl). 
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Causes of glycosuria: 

1- Diabetes mellitus.  

2- Renal glycosuria (low RTH). Occur in the absence of any pathological condition. 

3- Alimentary glycosuria. Occur after a meal rich in carbohydrate content. 

 

Renal thresh hold (RTH) 

The kidney has the ability to balance the quantity of glucose in blood, as it help to 

return the filtered amount of glucose to blood again (phosphorylation of glu to glu 6-P). 

When the level of glucose in blood passes (180mg/dl) the kidney losses its ability to 

return the filtered amount to blood again and some glucose is excreted in urine, the 

presence of glucose in urine is known as glycosuria. The blood glucose level at which 

glycosuria occurs is usually 180 mg/dl. This is known as RTH.  

RTH defined as the concentration of glucose in venous blood at which level it appears in 

urine. 

 

Glucose tolerance test (GTT 

If glycosuria occurs and the physician suspects diabetes he may request a glucose 

tolerance test.The technician gives glucose to the patient and measure blood glucose 

levels at specific intervals, the diabetic takes longer to remove the sugar  from the blood 

than a normal individual. 
  

GTT: It means the ability of human to metabolize the carbohydrate.  

Procedure:  

1- The patient fasts overnight for at least l0 hr.  

2- A venous sample is withdrawn for plasma glucose estimation and urine  

specimen collected.  

3- The equivalent of 75gm of anhydrous glucose (for children 1.75 g/Kg B.wt) is 

given dissolved in 300ml of water. 

4- Further blood and urine samples are taken at two hours after the dose. 

The plasma glucose concentration is measured and the urine sampler tested for glucose.   

 

Interpretation  

Venous plasma glucose mmol/1 (mg/dl) 

  

                                                     Fasting                                 2 hours   

Diabetic unlikely                        5.5(100) or less                7.8(140) or less 

Impaired glucose tolerance           5.5 to 7.8                            7.8 to 11.1   

Diabetic                                      7.8(140) or more             11.1(200) or more 
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Diabetic ketoacidosis: 

When the rate of formation of ketone bodies is greater than the rate of their use, 

their levels begin to rise in the blood (ketonemia) and, eventually, in the urine 

(ketonuria). This is seen most often in cases of uncontrolled, type 1 diabetes mellitus. 

When insulin deficiency the intracellular glucose deficiency is due to impaired entry of 

high extracellular glucose in to the cells, therefore Fat stores will became the main 

energy source, triglyceride is converted to free fatty acids and glycerol by lipolysis.  

Most tissues other than brain use FFA as an energy source after conversion to acetyl Co 

A, acetyl CoA converted to aceto acetic acid which is reduced to β- hydroxy butyric acid 

or decarboxylated to acetone.  

The H produced with ketones buffered by plasma bicarbonate. In severe condition more 

H may be produced than can be buffered with bicarbonate, so plasma HCO3 fall down 

and a state of acidosis appear.When the concentration of ketones exceeds RTH they will 

appear in urine this condition Called ketonuria.  

 
Fig15.The development of diabetic ketoacidosis. 
 

Diabetes mellitus 

Diabetes mellitus: is a complex disease, it is estimated to affect about 40 million 

people through out the world including all age groups and both sexes.  

Diabetes is characterized by an elevated level of glucose in the blood and in the urine, 

glucose is excreted in the urine when the blood glucose levels exceeds the reabsorptive 

capacity of the renal tubules. Its a disease resulting from defects in insulin secretion, 

insulin action, or both.  
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The ADA/World Health Organization (WHO) classification of diabetes mellitus to. 
 

1-Primary diabetes mellitus: These patients are those in whom there is no obvious cause 

for the development of diabetes. 
 

a- Insulin dependent diabetes mellitus (IDDM)  

This condition is so named because insulin is required to normalize blood glucose 

levels. Thes type accounts for 5% to 10% of diabetes, usually occurs in children or young 

adults, and was formerly termed juvenile-onset diabetes, which is caused by an 

autoimmune destruction of the pancreatic β-cells that secrete insulin. usually begins 

before age 40, Patients with type I diabetes require insulin therapy.  

b- Non insulin dependent diabetes mellitus (NIDDM). It is also called Maturity onset 

diabetes. It is the commonest form of  diabetes. Most cases occur after the age of 45 

years, it varies widely in different communities but is usually common in obese, 

physically inactive populations and uncommon in lean. Insulin is not indicated for initial 

control of this type of diabetes. Patient with NIDDM do not become ketoacidosis. Type 2 

diabetes is the most common form of the disease, afflicting approximately 90% of the 

diabetic Patients with type 2 diabetes have a combination of insulin resistance and 

dysfunctional β cells. 
 

1- Secondary diabetes mellitus: This small group includes patient in whom there is a 

clear cut factor associated with the development of diabetes depending on the severity of 

insulin deficiency or antagonism. The patient may require insulin, although most patient 

are not ketoses prone. The condition being precipitated by the causative factor. 
 

a- Pancreatic disease: Like pancreatitis, haemochromatosis,fibrocystic …etc. 

b- Diabetes and endocrine disease: Excessive production of insulin antagonistic 

hormone (growth hormone, glucacorticoid, glucagon catecholamines) occurs in 

acromegaly, Cushing syndrome, glucagonoma, is responsible for the high incidence of 

diabetes in these conditions. 

c- Stress diabetes: Hyperglycemia seen in predisposed individuals subject to a variety of 

stresses (metabolic or physiological) is in part due to increased secretion of insulin 

antagonistic hormones and usually resolves when the stress is withdrawn. Example of 

stresses myocardial infarction, gangrene & severe infection,  

d- Gestational diabetes: Pregnancy is a diabetogenic stress. Since hormones which are 

secreted is increased amounts in pregnancy (Estrogen, progesterone, corticosteroid 

…etc) may antagonize the action of insulin and promote hyperglycemia, most patients 

return to pre pregnant state after delivery.  

e- Drug associated diabetes: Thaizide diuretics and phentoin may impair insulin 

secretion, and estrogen induces a state of insulin resistance. 
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Qualitative determination of glucose in urine 

Benedict solution which is an alkaline copper sulphate solution is used for the 

detection, its done by adding 8 drops of urine to 5ml of  Benedict solution in a test tube 

then the mixture is boiled in hot flame and cooled immediately, the test depend on the 

reducing power of glucose as it contain the carbonyl group on the divalent ions such as 

copper, the result are given as follows: 

1- Greenish color to solution is equivalent to 200mg/dl of blood (+). 

2- Greenish yellow is equivalent to about 350mg/dl (++). 

3- Yellowis orange color depot for glucose more than 400mg/dl (+++) 
 

 
Fig16. Key concept map for diabetes. 



Second class Dr. Sh. A. Al-Bajari Clinical chemistry 
 

37 
 

Proteins 

Proteins play an important role in all biological processes, their functions are: 
 

■ Enzymes—proteins that catalyze chemical reactions. Enzymes are normally found 

inside cells but are released to the blood in tissue damage, making enzyme measurement 

a very important diagnostic tool. Examples of groups of enzymes tested in the clinical 

laboratory are the transaminases, dehydrogenases, and phosphatases.  
 

■ Hormones—proteins that are chemical messengers that control the actions of specific 

cells or organs. Hormones affect growth and development, metabolism, sexual function, 

reproduction, and behavior. Examples of hormones testing in the clinical laboratory in 

blood, urine, or saliva are insulin, testosterone, growth hormone, follicle-stimulating 

hormone, and cortisol. 
 

■ Transport proteins—proteins that transport movement of ions, small molecules, or 

macromolecules, such as hormones, vitamins, minerals, and lipids, across a biologic 

membrane. Examples of commonly measured transport proteins are hemoglobin, 

albumin, and transferrin. 
 

■ Immunoglobulins (antibodies)—proteins produced by B-cells (lymphocytes) in the 

bone marrow that mediate the humoral immune response to identify and neutralize 

foreign objects. Examples of immunoglobulins are IgG, IgM, and IgA. 
 

■ Structural proteins—fibrous proteins are the structures of cells and tissues such as 

muscle, tendons, and bone matrix. Collagen, elastin, and keratin are examples of 

structural proteins. 
 

■ Storage proteins—proteins that serve as reserves of metal ions and amino acids that 

can be released and used later without harm occurring to cells during the time of storage. 

The most widely studied and tested storage protein is ferritin, which stores iron to be later 

used in the manufacture of hemoglobin. 
 

■ Energy source—plasma proteins serve as a reserve source of energy for tissues and 

muscle. 
 

■ Osmotic force—plasma proteins function in the distribution of water throughout the 

compartments of the body. Their colloid osmotic force, due to their size, does not allow 

protein to cross the capillary membranes. As a result, water is absorbed from the tissue 

into the venous portion of the capillary. When the concentration of plasma proteins is 

significantly decreased, the concomitant decrease in the plasma colloidal osmotic 

(oncotic) pressure results in increased levels of interstitial fluid and edema. This is often 

seen in renal disease when proteinuria results in a decreased plasma protein 

concentration and swelling of the hands and feet. 



Second class Dr. Sh. A. Al-Bajari Clinical chemistry 
 

38 
 

Proteins are built from amino acids 
 

Of the over 300 naturally occurring amino 

acids(A.A), 20 constitute the monomer units 

of proteins. Only the 20 proteinogenic 

amino acids are included in the genetic code 

and therefore regularly found in proteins. A 

consist of an amino group, α- carboxyl 

group, α- hydrogen atom and R grou`p 

bonded to α- carbon atom, R group is 

referred to as a side chain. A.A in solution at 

neutral pH are predominantly dipolar ions or 

(zwitter ion) rather than unionized 

molecules. 

  

 

 

 

 

               Unionized form of A.A                                   dipolar ion(Zwitter ion) of A.A 

(Note: R is a side chain) 

In the dipolar form of A.A the amino group is protonated (-NH3) and the carboxyl group 

is dissociated (-COO) the ionization state of an A.A varies with pH. 

 

 
Fig 18. Ionic forms of alanine in acidic, neutral, and basic solutions. 
 

      NH2 

       H             C           COOH    

 R 

 

        NH3+ 

       H              C           COO-    

R 

 

 

tructural of amino acid.S .7Fig1 
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With a single exception (glycine) each A.A 

has at least one asymmetric carbon atom 

and hence is optically active, that is it can 

rotate the plane of polarized light, the two 

mirror image forms are called the L-isomer 

and the D- isomer, only L- isomer are 

constituent of proteins. Twenty kind of side 

chain varying in size, shape, hydrogen 

bonding, capacity & chemical reactivity are 

commonly found in proteins. 

 
 

Classification of  amino acid: 

1. Hydrophobic A.As (non polar, non charged). 

Include : Glycine (Gly), Alanine (Ala), Valine (Val), Leucine (Leu), Isoleucine (lie), 

Phenylalanine (Phe), Tryptophan (Try), , Methionine (Met), Proline (Pro). 

 

 

Fig 20. Nonpolar side chain. 

Fig 19. D and L forms of alanine are mirror images. 
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2. A.As with uncharged polar R group. 
 

 Serins. (Ser), Threonine (Thr), tyrosine (Tyr), Asparagine (Asp), Glutamine (Gln), 

Cysteine (Cys). 

 

 

3. Acidic A.As (negatively charged). 

     Aspartic acid (Asp), Glutamic acid (Glu). 

 

 

Glutamic acid  

Fig 21. uncharged polar side chain. 

Fig 22. Acidic side chain. 
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4. Basic A.As (positively charged). 

    Histidine (His),Lysine (Lys), Arginine (Arg). 
 

 
] 

Fig 23. Basic side chain. 
 

Amino acids are liked by peptide bond to  

form polypeptide chain.  
 

In proteins, amino acids are joined 

covalently by peptide bonds, which are amide 

linkages between the α-carboxyl group of one 

amino acid and the α-amino group of another. 

 A.A by a peptide bond (also called amide 

bond). The formation of a di peptide from 

two A. A. by loss of water is shown in the 

following equation: 
 

  

                                                                  Fig 24.Formation of the peptide bond. 

 

Many A. As, usually more than a hundred, are joined by peptide bonds to form a ploy 

peptide chain. The ploy peptide chain has direction because its building blocks have 

different ends, namely the a- carboxyl and the a- amino groups. By convention the amino 

end is taken to be the beginning of a ploy peptide chain. 

Proteins consist of one or more ploy peptide chains. For example myoglobin consist of 

a single ploy peptide chain, others contain two or more chains like insulin which consist 

of two ploy peptide chains linked together by two di sulphide bridge. 
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Classification of proteins: 
 

1- Simple proteins: These contain only L-α-amino acid or there derivatives and include 

the following groups:albumin, globulin, prolamines, albuminoid, histones & protamines. 

2- Conjugated proteins: Those which contain some non protein substance (the 

prosthetic group) linked by forces other than ionic attraction. 

a- Nucleo proteins:Compounds of one or more of molecules of proteins with nucleic 

acids. 

b- Glyco proteins: Compounds with carbohydrate, Ex. mucin. 

c- Phospho proteins: Compound with a phosphorous- containing radical other than phospho  

lipid & N.As, Ex. casein. 

d- Chromo proteins: Compounds with a chromophoric group in Conjugated 

Ex.hemoglobin. 

e- Lipo proteins: Conjugated to neutral fats (tri glyceride) or phospholipid & cholesterol. 

f- Metallo proteins: Binding a metal as copper or iron. 
 

Proteins structures: 
 

There are four various levels of protein structures:  

1. Primary structure: It refers to The number and 

order of all of the amino acid residues in a 

polypeptide constitute its primary structure.  

2. Secondary structure: It have two aspects, the 

first is the way in which the protein chain is 

folded and bent that is (a-helix or β- pleated 

sheet); the second is the nature of the linkages 

and bonds which stabilize this structure. 

3. Tertiary structure: The spatial position of all 

the atoms in three dimensions, including those 

of the side chains. It concern with stabilization 

of protein by bonds in addition to H- bond 

such as ionic,non-polar (hydrophobic),covalent 

and vanderwalls linkage. 

4. Quatemary structure: The arrangement of ploy 

peptide subunits to form superstructures. 
 

Denaturation: loss in secondary, tertiary and 

quaternary (if present")  structures of protein on 

heating. It results in loss of biological activity of 

the proteins. 
. Four hierarchies of protein 5Fig 2

structure. 
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Plasma proteins: 

The total protein of the plasma is about (6.2-8.2) gm/dl, thus the  plasma proteins 

comprise the major part of the solids of the plasma. The proteins of the plasma are 

actually a very complex mixture which includes not only simple proteins but also mixed 

or conjugated proteins such as glyco proteins & lipo proteins. The separation of 

individual proteins from a complex mixture is frequently accomplished by the use of 

various solvents to remove different fraction in accordance with their solubility. This is 

the basis of the so-called ― salting out‖ methods, commonly used in determination of 

protein fraction. Thus its customary to separate the protein of the plasma in to three major 

groups (fibrinogen, albumin & globulin) by the use of various concentrations of 

ammonium sulphate solution. 

Fibrinogen: 

 Fibrinogen is one of the largest proteins in blood plasma. It is synthesized in the liver, 

and it is classified as a glycoprotein because it has considerable carbohydrate content. On 

plasma electrophoresis, fibrinogen is seen as a distinct band between the β- and γ-

globulins. The function of fibrinogen is to form a fibrin clot when activated by thrombin; 

therefore, fibrinogen is virtually all removed in the clotting process and is not seen in 

serum. Fibrinogen is one of the acute-phase reactants, a term that refers to proteins that 

are significantly increased in plasma during the acute phase of the inflammatory process. 

Fibrinogen levels also rise with pregnancy and the use of oral contraceptives. Decreased 

values generally reflect extensive coagulation, during which the fibrinogen is consumed. 

Albumin:  

Albumin is synthesized in the liver from 585 amino acids. It has a M.wt about 69,000, it 

is separated by full saturation of ammonium sulphate solution, it is water soluble and it 

contain one ploy peptide chain with highly charged A.As. Albumin is responsible for 

nearly 80% of the colloid osmotic pressure of the intravascular fluid, Albumin also 

buffers pH Another prime function of albumin is its capacity to bind various substances 

in the blood. Albumin transports thyroid hormones; other hormones, particularly fat-

soluble ones; iron; and fatty acids. For example, albumin binds unconjugated bilirubin, 

salicylic acid (aspirin), fatty acids, calcium (Ca+2) and magnesium (Mg+2) ions, and many 

drugs. 

Globulin:  

The globulin group of proteins consists of α1, α2, β , and γ fractions. Each fraction 

consists of a number of different proteins with different functions. It is separated by half 

saturation of ammonium sulphate solution, it is a mixture of different ploy peptide 

chains, and their M. Wt is about 180,000. Globulin insoluble in pure water, each kind of 

globulin have its own function. 
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Plasma protein 

 

 

     Globulin                                        Fibrinogen                                       Albumin 

 

 

     α1           α2          β           γ 

 

 

                  

                 IgE        Igm        IgG       IgD       IgA 

 

Origin of plasma proteins: 

The liver is the sole source of fibrinogen, albumin & most type of the a & p 

globulin are also of hepatic origin, except the y globulin originate from the plasma cells.  
 

Immunoglobulins: 

 Immunoglobulins, or antibodies [Igs] are glycoproteins composed of 82%–96% protein 

and 4%–18% carbohydrate produced by white blood cells, known as B cells, that confer 

humoral immunity. Structure  basic immunoglobulin is a Y- shaped molecule depicted as 

follows:  

 
Fig 26. Structure of immunoglobulin. 
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 Fig 27. Structure of type immunoglobulin 

The molecules are characterized by two functional areas: 

1- The Fab, or variable end is the area which recognizes and binds to the antigen . 

2- The Fc end, is responsible for interaction with other components of the immune 

system , ex. Complement and T helper cells. 

These proteins consist of two identical heavy (H) and two identical light (L) 

chains linked by two disulfide bonds that can be in the form of monomers with one unit, 

dimers with two units, or pentamers with five units. There are five classes of 

immunoglobulins (IgG, IgA, IgM, IgD, and IgE) or isotypes based on the type of heavy 

chain they possess. The heavy chains are γ, α, µ, δ, and ε respectively. Each heavy chain 

has two regions—the constant region and the variable region. The constant region is 

identical in all antibodies of the same isotype but differs in antibodies of different 

isotypes. The variable region of the heavy chain differs in antibodies produced by 

different B cells but is the same for all antibodies produced by a single B cell or B-cell 

clone. There are two types of light chains—kappa (κ) and lambda (λ) chains. The ratio of 

κ to λ chains is 2:1, which is sometimes used as a marker of immune abnormalities.  
 

Hypoproteinemia 

Hypoproteinemia, a total protein level less than the reference interval, occurs in 

any condition where a negative nitrogen balance exists. One cause of a low level of 

plasma proteins is excessive loss. Plasma proteins can be lost by excretion in the urine in 

renal disease; leakage into the gastrointestinal tract in inflammation of the digestive 

system; and the loss of blood in open wounds, internal bleeding, or extensive burns. 

Another circumstance producing hypoproteinemia is decreased intake either because of 
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malnutrition or through intestinal malabsorption as seen in sprue. Without adequate 

dietary intake of proteins, there is a deficiency of certain essential amino acids and 

protein synthesis is impaired. A decrease in serum proteins as a result of decreased 

synthesis is also seen in liver disease (site of all nonimmune protein synthesis) or in 

inherited immunodeficiency disorders, in which antibody production is diminished. 

Additionally, hypoproteinemia may result from accelerated catabolism of proteins, such 

as occurs in burns, trauma, or other injuries. 
 

Hyperproteinemia 

Hyperproteinemia, an increase in total plasma proteins, is not an actual disease 

state but is the result of the underlying cause, dehydration. When excess water is lost 

from the vascular system, the proteins, because of their size, remain within the blood 

vessels. Although the absolute quantity of proteins remains unchanged, the concentration 

is elevated due to a decreased volume of 
 

Function of plasma protein:  

1- Plasma protein contributing to the viscosity of the blood which is needed for the 

efficient of heart function. 

2- Plasma protein may serves as nutrient for different tissue of the body. 

3- Through their osmotic pressure, they aid in regulating and distribution of water and 

other fluid between the blood and different tissues. 

4- They control hemorrhages as they share in blood clotting mechanism (fibrinogen). 

5- The y- globulin fraction is responsible for providing immunity, it is the principle site 

of the circulating anti bodies. 

6- They contribute in transport of substance which are absorbed from the gastro 

intestinal tract like lipid, fat soluble vitamins, drugs, bile salts & acids and hormones 

through formation of complexes with albumin. 

7-All the enzymes are proteins in nature, it play an important role in various chemical 

reaction of the body. 

 

Digestion and absorption of protein: 

In humans, the degradation of ingested proteins to their constituent amino acids 

occurs in the gastrointestinal tract. Entry of dietary protein into the stomach stimulates 

the gastric mucosa to secrete the hormone gastrin, which in turn stimulates the secretion 

of hydrochloric acid by the parietal cells and pepsinogen by the chief cells of the gastric 

glands (Fig.    ). The acidic gastric juice (pH 1.0 to 2.5) is both an antiseptic, killing most 

bacteria and other foreign cells, and a denaturing agent, unfolding globular proteins and 

rendering their internal peptide bonds more accessible to enzymatic hydrolysis. 
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Pepsinogen (Mr 40,554), an inactive precursor, or zymogen, is converted to active pepsin 

(Mr 34,614) by the enzymatic action of pepsin itself. In the stomach, pepsin hydrolyzes 

ingested proteins at peptide bonds on the amino-terminal side of the aromatic amino acid 

residues Phe, Trp, and Tyr , cleaving long polypeptide chains into a mixture of smaller 

peptides. As the acidic stomach contents pass into the small intestine, the low pH triggers 

secretion of the hormone secretin into the blood. Secretin stimulates the pancreas to 

secrete bicarbonate into the small intestine to neutralize the gastric HCl, abruptly 

increasing the pH to about 7. (All pancreatic secretions pass into the small intestine 

through the pancreatic duct.) The digestion of proteins now continues in the small 

intestine. Arrival of amino acids in the upper part of the intestine (duodenum) causes 

release into the blood of the hormone  cholecystokinin, which stimulates secretion of 

several pancreatic enzymes with activity optima at pH 7 to 8. Trypsinogen, 

chymotrypsinogen, and procarboxypeptidases A and B, the zymogens of trypsin, 

chymotrypsin, and carboxypeptidases A and B, are synthesized and secreted by the 

exocrine cells of the pancreas . Trypsinogen is converted to its active form, trypsin, by 

enteropeptidase, a proteolytic enzyme secreted by intestinal cells. Free trypsin then 

catalyzes the conversion of additional trypsinogen to trypsin. Trypsin also activates 

chymotrypsinogen to chymotrypsin(hydrolyzes ingested proteins at peptide bonds on the 

amino-terminal side of the aromatic amino acid residues Phe, Trp, Tyr,Met and les. (see 

Fig 33) , procarboxypeptidases to carboxypeptidases, and proelastase to Elastase. 

These include carboxypeptidases A and B, which remove successive carboxyl-

terminal residues from peptides, and an aminopeptidase that hydrolyzes successive 

amino-terminal residues from short peptides. The resulting mixture of free amino acids is 

transported into the epithelial cells lining the small intestine, through which the amino 

acids enter the blood capillaries in the villi and travel to the liver. 

 

 
Fig 28. Regulation of enzyme activity 
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Fig 29. Digestion of dietary proteins by the        Fig 30. Part of the human digestive(gastrointestinal)  

proteolytic enzymes of the gastrointestinal         tract 

tract.  
 

 
Fig 31. Cleavage of dietary protein by proteases from the pancreas. 
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Absorption of amino acids and small peptides: 

Free amino acids are taken into the enterocytes by a Na+ linked secondary 

transport system of the apical membrane. Di- and tri - peptides, however, are taken up by 

a H+ linked transport system. The peptides are hydrolyzed in the cytosol to amino acids 

that are released into the portal system by facilitated diffusion. Thus, only free amino 

acids are found in the portal vein after a meal containing protein. These amino acids are 

either etabolized by the liver or released into the general circulation. 

An active process (mean energy expenditure) absorbs them by portal &vein, they 

reach to the liver where they are utilized for the following 

 

 
 

Not all A.As are supplied to the body by the diet but some of them are synthesis in 

the body, those which are synthesized in the liver are called non essential A.As, while 

the other which are needed to present in diet are called essential A.As these are include 

(Arginine, Histidine, Isoleucine, Leucine, Threonine, Lysine, Methionine,Phenyl 

Alanine,Tryptophan & Valine), the remainder are non essential A.As. 

Metabolism of amino acids: 

The amino group derived from diet or from breakdown of tissue proteins is 

ultimately are excreted in the urine as urea. The biosynthesis of urea involves the action 

of several enzymes. It may be divided in to 4 processes: 

1- Transamination 

2- Oxidative deamination 
 

Transamination:  

Transamination the first step in the catabolism of 

most amino acids is the transfer of their α-amino group 

to α-ketoglutarate (Fig. 33). The products are an α-keto 

acid (derived from the original amino acid) and 

glutamate. α-Ketoglutarate plays a pivotal role in 

amino acid metabolism by accepting the amino groups 

from most amino acids, thus becoming glutamate. 

Glutamate produced by trans amination can be 

oxidatively deaminated, or used as an amino group 

donor in the synthesis of nonessential amino acids. 

Aminotransferases are named after the specific amino  

For protein synthesis 

Urea 

Porphyrin (basic nucleus of Hb) 

 nucleosideNucleotide or  
Amino acid 

 

 

Fig 32. Aminotransferase reaction using 

α-ketoglutarate as the aminogroup 

acceptor. 
 

     3-Ammonia transport 

4- Reactions of urea cycle 
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This reversibility permits transaminases to function both in A.A catabolism and 

anabolism. 
 

The two most important aminotransferase reactions are catalyzed by: 
  

a. Alanine aminotransferase (ALT): ALT or 

glutamate pyruvate transaminase (GPT)  is 

present in many tissues. The enzyme 

catalyzes the transfer of the amino group of 

alanine to α-ketoglutarate, resulting in the 

formation of pyruvate and glutamate. The 

reaction is readily reversible. However, 

during amino acid catabolism, this enzyme 

(like most aminotransferases) functions in 

the direction of glutamate synthesis. Thus, 

glutamate, in effect, acts as a ―collector‖ of 

nitrogen from alanine. 
 

b. Aspartate aminotransferase (AST): AST or 

(glutamate oxalo acetate transaminase GOT)  

is an exception tothe rule that 

aminotransferases funnel amino groups to 

form glutamate. During amino acid 

catabolism, AST transfers amino groups 

from glutamate to oxaloacetate, forming 

aspartate, which is used as a source of 

nitrogen in the urea cycle. 
 

Diagnostic value of plasma aminotransferases: 
 

a. Liver disease: Plasma AST and ALT are elevated in nearly all liver diseases, but are 

particularly high in conditions that cause extensive cell necrosis, such as severe viral 

hepatitis,toxic injury, and prolonged circulatory collapse. ALT is more specific than AST 

for liver disease. 

b. Nonhepatic disease: Aminotransferases may be elevated in nonhepatic disease, such 

as myocardial infarction and muscle disorders. However, these disorders can usually be 

distinguished clinically from liver disease. 
 

 Fig 33. Reactions catalyzed during amino 

acid catabolism. A. Alanine  minotransferase 

(ALT). B. Aspartate aminotransferase (AST). 

 

 ate.ketoglutar-group donor, because the acceptor of the amino group is almost always α

part of the  essential Pyridoxal phosphate (PP) thecoenzyme form of vitamin B6 forms an

of many other enzymes with A.A substrate. and site of transaminases active 
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The oxidative deamination of amino(Glutamate dehydrogenase): 

In contrast to transamination reactions that 

transfer amino groups, oxidative deamination by 

glutamate dehydrogenase results in the liberation 

of the amino group as free ammonia (NH3) 

(Figure 19.11). These reactions occur primarily 

in the liver and kidney. They provide α-keto 

acids that can enter the central pathway of 

energy metabolism, and ammonia, which is a 

source of nitrogen in urea synthesis, which is 

unusual in being able to utilize either NAD or 

NADP. 

After removing the a-amino group from 

A.A and converts in to urea, the carbon 

skeleton of A.A either is converted in to 

glucose(glucogenic) or be oxidized by the 

citric acid cycle(ketogenic). 
 

Ammonia transport:  

Two mechanisms are available 

in humans for the transport of ammonia 

from the peripheral tissues to the liver 

for its ultimate conversion to urea. The 

first, found in most tissues, uses 

glutamine synthetase to combine 

ammonia (NH3) with glutamate to form 

glutamine a nontoxic transport form of 

ammonia (Figure 36 ). The glutamine is 

transported in the blood to the liver 

where it is cleaved by glutaminase to 

produce glutamate and free 

ammonia.The second transport 

mechanism, used primarily by muscle, 

involves transamination of pyruvate 

(the end product of aerobic glycolysis) 

to form alanine (see Figure 19.8). 

Alanine is transported by the blood to 

the liver, where it is converted to   

 
Fig 34. Oxidative deamination by glutamate 

dehydrogenase 
 

 

Fig 35 . Transport of ammonia from 

peripheral tissues to the liver.  
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Urea cycle: 

Urea is the major disposal form of amino groups derived from amino acids, and accounts 

for about 90% of the nitrogen-containing components of urine. One nitrogen of the urea 

molecule is supplied by free ammonia, and the other nitrogen by aspartate. [Note: 

Glutamate is the immediate precursor of both ammonia (through oxidative deamination 

by glutamate dehydrogenase) and aspartate nitrogen (through transamination of 

oxaloacetate by AST).] The carbon and oxygen of urea are derived from CO2. Urea is 

produced by the liver, and then is transported in the blood to the kidneys for excretion in 

the urine. 
 

Reactions of the cycle 

The first two reactions leading to the synthesis of urea occur in the mitochondria, 

whereas the remaining cycle enzymes are located in the cytosol 

1. Formation of carbamoyl phosphate: Formation of carbamoyl phosphate by 

carbamoyl phosphate synthetase, is driven by cleavage of two molecules of ATP. 

Ammonia incorporated into carbamoyl phosphate is provided primarily by the oxidative 

deamination of glutamate by mitochondrial glutamate dehydrogenase 

2. Formation of citrulline: carbamoyl phosphate is transferred to ornithine by ornithine 

transcarbamoylase as the high-energy phosphate is released as Pi. The reaction product, 

citrulline, is transported to the cytosol. 

3. Synthesis of argininosuccinate: Argininosuccinate synthetase combines citrulline 

with aspartate to form argininosuccinate. The α-amino group of aspartate provides the 

second nitrogen that is ultimately incorporated into urea. The formation of 

argininosuccinate is driven by the cleavage of ATP to adenosine monophosphate (AMP) 

and pyrophosphate. This is the third and final molecule of ATP consumed in the 

formation of urea. 

4. Cleavage of argininosuccinate: Argininosuccinate is cleaved by argininosuccinate 

lyase to yield arginine and fumarate. The arginine formed by this reaction serves as the 

immediate precursor of urea. Fumarate produced in the urea cycle is hydrated to malate,  

and enter metabolic pathways. For example, the malate can be transported into the 

mitochondria via the malate shuttle, reenter the tricarboxylic acid cycle.  

5. Cleavage of arginine to ornithine and urea: Arginase cleaves  rginine to ornithine 

and urea, and occurs almost exclusively in the liver. Thus, whereas other tissues, such as 

the kidney, can synthesize arginine by these reactions, only the liver can cleave arginine 

and, thereby, synthesize urea.  

pyruvate, again by transamination. In the liver, the pathway of gluconeogenesis can use 

the pyruvate to synthesize glucose, which can enter the blood and be used by muscle—a 

)?In brain (.alanine cycle-pathway called the glucose 
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The formation of urea is an active mechanism takes place in the liver need ATP in the 

form of energy. Urea can then be removed from the circulation to the kidney where it is 

excreted with urine.The main function of the urea cycle is to convert ammonia to the 

non- toxic compound urea. 

 

 
 
 

Fig 36. Reaction of the uera cycle. 
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Estimation of protein 

Several methods of protein estimation are available depend upon: 

1- Nitrogen content. 

2- Aromatic A.A content. 

3- Phenol content. 

4- The peptide bond content. 

 

Kjeldahl method: The classic method for quantitation of total protein is the Kjeldahl 

method, which determines nitrogen. This method depend on the nitrogen content of the 

protein The serum proteins are precipitated with an organic acid such as TCA or tungstic 

acid. The nonprotein nitrogen is removed with the supernatant. The protein pellet is 

digested in H2SO4 with heat (340–360°C) and a catalyst, such as cupric sulfate, to speed 

the reaction. Potassium sulfate is also introduced to increase the boiling point to improve 

the efficiency of digestion.  
 

Organic material                       CO2 + H2O + (NH4)2S04+ NH4HSO4 
 

The nitrogen in the protein is converted to ammonium bisulfite (NH4HSO4), which is 

then measured by adding alkali and titrated with a standard solution of HCL to determine 

the amount of nitrogen in the original protein solution. All the protein in nature contain 

16% of N2 therefore the amount of N2 calculated by this method is multiplied by (6.25) 

which will give the amount of protein in such sample. If the sample for example gives 

after digestion 0.1 gm of N2 the amount of protein will be (0. lx 6.25).  
 

Biuret method: All proteins contain a large number of peptide bonds when a solution 

protein is treated with Cu in alkaline medium (Biuret reagent),A violet complex is 

formed.The intensity of the color produced is proportional to the number of peptide 

bonds present in the protein. This fact makes the intensity of this color directly 

proportional to the concentration of the protein.  

                 COO 

 Protein                 + Cu                                      Cu- proteinate complex violet color 

                 NH3 

Separation of protein by electrophoresis: In the standard method for serum protein 

electrophoresis (SPE), serum samples are applied close to the cathode end of a support 

medium that is saturated with an alkaline buffer (pH 8.6). The support medium is 

connected to two electrodes and a current is passed through the medium to separate the 

proteins. All major serum proteins carry a netnegative charge at pH 8.6 and migrate 

toward the anode. 

H2SO4 
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Using standard SPE methods, serum proteins appear in five bands: albumin travels 

farthest to the anode, followed byα1-globulins, α2-globulins, β-globulins, and γ-

globulins, in that order. The width of the band of proteins in a fraction depends on the 

number of proteins present in that fraction. The direction and speed of electrophoresis 

depends upon several factors such as: 

1- Net charge of the molecule. 

2- Size & shape of the molecule. 

3- Electric field strength. 

 

One of the important factors is the pH of the buffer solution. The most 

commonly used pH for protein electrophoresis is pH=8.6. Under these conditions most 

proteins are negative and therefore migrate toward the anode. 

Electrophoresis can be carried out in a system whereby the solution containing the ions 

to be separated is supported in a medium such as paper, starch, agar or cellulose acetate. 

The widely used support medium in clinical laboratories is cellulose acetate, 

which require fewer samples, less time for separation and better resolution. It is stable, 

non-toxic & can be made transparent inmost accurate quantitation. 
 

The principle of electrophoresis is: 

To use a cellulose acetate sheet or paper and this sheet have to be put in alkaline 

buffer (barbitone buffer pH=8.6).Then the sample applied at one end of strip therefore 

the molecule of protein are going to be negatively charged. Application of the current, a 

protein molecule which are strongly -ve charge are going to move faster than the 

molecule with the weakest -ve charge is going to move slower and remain near origin or 

near site of application. 

The albumin is protein near positive electrode(anode)followed by αl, α2, β and γ 

globulin. 
 

Procedure: 

The paper is placed in barbitone buffer pH=8.6 for at least 15 min. then fixed on tank 

contain the same buffer, this tank is supplied by 2 electrode the positive and the 

negative. With the aid of applicator drop of serum is transfer to the margin, which is 

near the negative electrode, the steady current is supplied to this tank for 1/2 hour. After 

that the paper is taken immerse in tank contain ponceu-S dye for 10 min., then washed 

with successive solution of 5% acetic acid, then dried in an oven. Then the band of 

protein will be clear, they are albumin, αl, α2, β and γ globulin. The movement of charge 

is stopped when the iso electric point for each protein is reached. 

Iso electric point is the pH of solution at which the positive and the negative charged are 

equal that’s to say the net charge is equal to zero. 

4- Nature of the supporting medium. 

5- The temperature of operation. 

6- The pH of the buffer solution. 
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The causes of increase some protein fraction: 

The great advantage of electrophoresis compared with the quantitation of specific 

proteins is the overview it provides. The electrophoretic pattern can give information 

about the relative increases and decreases within the protein population, as well as 

information about the homogeneity of a fraction. A deficiency of the predominant 

immunoglobulin, IgG, is seen as a much paler stain in the γ area. Another significant 

finding is a decrease in α1-antitrypsin (Fig. 38 C).  

In nephrotic syndrome, the patient loses serum albumin and low-molecular-weight 

proteins in the urine. At the same time, increase in the relative amounts of α2- globulin 

and β-globulin fractions (Fig. 38 D).  

An inflammatory pattern indicating an inflammatory condition is seen when there is a 

decrease in albumin and an increase in the α1-globulins, α2-globulins, and β-globulin 

band (Fig. 38 E).  

The electrophoretic pattern of serum proteins in liver disease shows the decrease in 

serum albumin concentration and the increase in β-globulin. In the pattern in cirrhosis of 

the liver, there are some fast-moving γ- globulins that prevent resolution of the β- and γ-

globulin bands. This is known as the β–γ bridge of cirrhosis (Fig. 38 F). 
 

Fig 37. Electrophoresis of plasma protein. 
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Fig 38.Abnormal of plasms proteins types and the disease appeared in electrophoresis . 
 

Urinary protein: 

Normal urine contain little amount of protein, which is not detectable by the ordinary 

method of protein determination in urine and the test is said to be positive when the 

protein concentration in urine is more than 20mg/dl. 

The qualitative test is best applied on morning urine sample because it is more 

concentrated which will make the detection more easier. If the test is delayed for 

determination the sample should be kept in refrigerator after addition of few drops of 

toluene as preservative. 
 

1- Heat coagulation test: 

The pH of urine is checked with bromo cresol green pH (3.8-5.5) if it is above 5 

acetic acid 5M solution should be added drop by drop till the pH is between (4-4.6) 

when turbidity is form it should be removed by centrifugation.  10 ml of clear urine is 

placed in test tube, the upper part of tube is boiled by gentle flame, any turbidity 

refer to the presence of protein, the degree of precipitate is. ranged from 0 -4+ which 

will give the concentration as follows: 



Second class Dr. Sh. A. Al-Bajari Clinical chemistry 
 

58 
 

 

Appearance Reading Concentration( mg/d) 

No turbidity  less than 20 

Slight Trace (4-25) 
Different turbidity + (20-40) 

Light cloud ppt ++ (40-100) 
Moderate ppt +++ (200-500) 
Heavy ppt ++++ (800-1000) 

 

2- Sulpho salicylic acid test:  

20% Sulpho salicylic acid is prepared by dissolving80 gm of sulpho salicylic acid in 

350ml of D.W with the aid of heat then filtered, after filtration the solution should be 

completed to 400ml. 

Put about 5ml of urine in to a test tube, then add 5 drops of sulpho salicylic acid, mix, if 

albumin is present a white cloud will form. Report the test as -ve, +, ++, +++, ++++. 

Depending upon the amount of ppt. 

This method is positive in the presence of albumin, globulin & bence Jones protein. 
 

Bence Jones protein (BJP) is usually, but not invariably or exclusively, found in the 

urine of patients with malignancy of B cells, but can rarely be found without malignant 

disease. It consists of free monoclonal light chains, or fragments of them, which have, 

bejn synthesized much in excess of H chains, implying a degree of differentiation. 

Because of its relatively low molecular weight (20000 to 40000) the protein is filtered at 

the glomerulous and only accumulates in the plasma if there is glomerular impairment or 

if it is polymerizes. BJP may damage renal tubular cells and may form large casts, 

producing the ―myeloma kidney‖ 

BJP is the only protein of a M.wt lower than albumin likely to be found in significant 

amounts in unconcentrated urine in the absence of haemoglobinuria or myoglobinuria. 

The causes of low total protein 

1- Over hydration: this is due to dilution effect. 

2- Due to excessive loss: 

a- Excessive loss of protein from kidney (nephrotic syndrome)  

b- Excessive loss of protein from intestine (protein loss in entropathy) 

c- Excessive loss of protein from skin in bums. 

3- Condition due to decrease synthesis  

a- Liver cirrhosis. 

c- The condition, which led to low serum albumin, is the same condition which lead 

to low total serum protein. 

Malabsorption. -b 
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Lipids 

Lipids are a heterogeneous group of 

water-insoluble (hydrophobic) organic 

molecules that can be extracted from tissues 

by nonpolar solvents (Figure 15.1). Because 

of their insolubility in aqueous solutions, 

body lipids are generally found 

compartmentalized, as in the case of 

membrane-associated lipids or droplets of 

triacylglycerol in white adipocytes, or 

transported in plasma in association with 

protein, as in lipoprotein particles, or on 

albumin. Lipids are a major source of energy 

for the body, and they also provide the 

hydrophobic barrier that permits partitioning 

of the aqueous contents of cells and 

subcellular structures. Lipids serve additional 

functions in the body, for example, some fat-

soluble vitamins have regulatory or 

coenzyme functions, and the prosta glandins 

and steroid hormones play major roles in the 

control of the body’s homeostasis. 

                                                                                   

Classification: 

1- Simple lipids: Esters of fatty acids with various alcohols. 

a- Neutral fats: Triesters of F.A with glycerol. 

b- Waxes: Esters of fatty acids with mono hydroxy aliphatic alcohols  

    higher than glycerol. True waxes: Esters of fatty acids with cetyl alcohol   

CH3(CH2)14CH20H other higher straight chain alcohol. 

c- Cholesterol esters: Esters of F.A with cholesterol. 

d- Vitamin A esters: F.A esters of vitamin A. 

e- Vitamin D esters: F.A esters of vitamin D. 

2-Compound lipids: Esters of  F.A with alcohol plus other groups. 
 

a- Phospho lipids: Lipids containing phosphoric acid and in most cases anitrogenous 

base.  

b- Glyco lipids (cerebroside): Lipids containing a carbohydrate and also 

     nitrogen but no phosphate and no glycerol. 

 
Fig 39. Structures of some commo classes of 

lipids 
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c- Sulpho lipids: Lipids characterized by possessing sulphate group. 

d- Lipo protein: The combination of lipid with plasma protein. 

3-Derived lipids: Derivative obtained by hydrolysis of those given in group 1&2, which 

still  possess the general physical characteristic of lipids. 
 

    a- Saturated and unsaturated F.A. 

    b-Monoglycerideand diglyceride, 

    c- Alcohol include 

 Straight chain alcohol of higher molecular weight obtained from hydrolysis of waxes.  

 Sterols and other steroid including vitamin D. 

 Alcohols include vitamin A 
 

4- Miscellaneous: 
 

    a- Aliphatic hydrocarbon. b- Carotenoid. 

    c- Squalene. d- Vitamin E & K. 

Digestion of lipid: 

The digestion of lipids begins in the stomach, catalyzed by an acid necessary for 

the activity and stable to digestion enzyme. 
 

TAG molecules : 

TAG molecules, particularly those containing fatty acids of short- or medium-

chain length (fewer than 12 carbons, such as are found in milk fat), are the primary target 

of lipase. While The dietary TAG( long chain), cholesteryl esters, and phospholipids are 

enzymically degraded (―digested‖) by pancreatic enzymes, whose secretion is 

hormonally controlled. 
 

Cholesteryl ester degradation: 

 Most dietary cholesterol is present in the free (nonesterified) form, with 10–15% 

present in the esterified form. Cholesteryl esters are hydrolyzed by pancreatic cholesteryl 

ester hydrolase (cholesterol esterase), which produces cholesterol plus free fatty acids. 
 

Phospholipid degradation: 

Pancreatic juice is rich in the proenzyme of phospholipase A2 that, like 

procolipase, is activated by trypsin and, like cholesteryl ester hydrolase, requires bile 

salts for optimum activity. Phospholipase A2 removes one fatty acid from carbon 2 of a 

phospholipid, leaving a lysophospholipid For example, phosphatidylcholine (the 

predominant phospholipid during digestion) becomes lysophosphatidylcholine. 

The hydrolysis is aided by the bile, which emulsifies the fats so that they can be 

acted upon readily by pancreatic lipase. 
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Fig 40. Overview of lipid digestion. 
 

Absorption of lipids by intestinal mucosal cells (enterocytes) 

Free fatty acids, free cholesterol, and 2-

monoacylglycerol are the primary 

products of lipid digestion in the 

jejunum. These, plus bile salts and fat-

soluble vitamins (A, D, E, and K), form 

mixed micelles—diskshaped clusters of 

amphipathic lipids that coalesce with 

their hydrophobic groups on the inside 

and their hydrophilic groups on the 

outside. Mixed micelles are, therefore, 

soluble in the aqueous environment of 

the intestinal lumen (Figure  ). 

 
  

 

Fig 41. Absorption of lipids contained in a mixed 

micelle by an intestinal mucosal cell. 
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These particles approach the primary site of lipid absorption, the brush border cell). 

membrane of the enterocytes (mucosal cell). All FFAs present in intestinal wall are 

reincorporated to TG which then passes to the lymphatic vessels for distribution to the 

rest of the body. TG is transported in the form of chylomicrons. 

  

Fatty acids 

A class of compounds containing a long 

hydrocarbon chain and a terminal carboxylate 

group. F.A in biological system usually contain 

an even number of carbon atom, typically 

between 14 and 24. The 16 and 18 carbon F.As 

are most common. 

The hydrocarbon chain is almost invariably 

unbranched in animal F.As. The alkyl group 

may be saturated or it may contain one or more 

double bonds (up to 6) double bonds. The 

configuration of the double bond in most 

unsaturated F.As is cis. Linoeic, linolenic and 

arachidonic acid a long chain unsaturated F.A 

required for prostaglandin synthesis are essential 

F.A, that is they are not synthesized in the body 

but must be included in the diet. 

The properties of F.As and of lipids derived 

from them are markedly dependent on: 

 

1 - Chain length.                                                                   

2- Degree of unsaturation. 

Short chain length and unsaturation enhance the fluidity of F.A and of their derivative. 
 

Laurie acid CH3(CH2)10COOH 

Palmitic acid CH3(CH2)14COOH 

Stearic acid CH3(CH2)16COOH 

Oleic acid                                       CH3(CH2)7CH=CH(CH2)7C00H 

 

Fatty acids are insoluble in water but can form colloidal solution with alkaline NaOH or 

KOH . Saturated F.As are inactive but unsaturated are active, it can combine with Cl2, 

Br2. 

 

 
42.A saturated (A) and an unsaturated (B)      

fatty acid 
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Neutral fats 

As stated in the classification, fats are all triesters of the tri hydric alcohol, glycerol & 

various F.As. The type formula for fat is as follows: R1, R2 &R3 represent F.A chains, 

which may, or may not all be the same. Since all three of the glycerol alcohol groups are 

esterified fats they are termed ― tri glyceride ‖ TG. 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                     Fig 43. A triacylglycerol structures .  

Waxes: 

The main compound is esters of long chain monohydric alcohols and higher F.A. They 

are insoluble in water but are soluble in the organic solvents. They are not so easily 

hydrolyzed as the fats and are not digested by the fat splitting enzymes, therefore they 

are of no value from a nutritional standpoint Example: beeswax.It is of value from an 

industrial standpoint. They have protective function to the skin of many insects. 
 

Prostaglandins: 

Prostaglandins, and the related compounds thromboxanes and leukotrienes, are 

collectively known as eicosanoids to reflect their origin from polyunsaturated fatty acids 

with 20 carbons. They are extremely potent compounds that elicit a wide range of 

responses, both physiologic (inflammatory response) and pathologic (hypersensitivity). 

Although they have been compared to hormones in terms of their actions, eicosanoids 

differ from the true hormones in that they are produced in very small amounts in almost 

all tissues rather than in specialized glands. They also act locally rather than after 

transport in the blood to distant sites, as occurs with true hormones such as insulin. 

 

 

Fig 44.prostaglandin structures 
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Sterols: 

They are complex mono hydroxy alcohols 

found in both plant and animal tissue. They 

belong to a group of compound known as 

(cyclopentanoperhydrophenanthrene) which 

are steroids. These have a four-ring 

structure. 

1- The steroids differ from each other in the 

arrangement of the double bond  in the ring 

and in the presence of oxygen or of hydroxyl 

or other groups. , Among the steroids are 

included the sterols, bile acids, sex 

hormones, adrenal cortical hormone, vitamin 

D and the cholesterol. 

 

 

 

 

                                                                                           Fig 45. Structure of cholesterol and its ester. 

Cholesterol: 

Cholesterol is a very hydrophobic compound. It consists of four rings (A-D) called the 

―steroid nucleus‖), and it has an eight-carbon, branched hydrocarbon chain attached to 

carbon 17 of the D ring. Ring A has a hydroxyl group at carbon 3, and ring B has a 

double bond between carbon 5 and carbon 6 . Most plasma cholesterol is in an esterified 

form (with a fatty acid attached at carbon 3(see Figure 46), Cholesteryl esters are not 

found in membranes, and are normally present only in low levels in most cells. 

cholesterol and its esters must be transported in association with protein as a component 

of a lipoprotein particle or be solubilized by phospholipids and bile salts in the bile 

Cholesterol.  

A number of essential functions of Cholesterol in the body. For example, cholesterol is a 

structural component of all cell membranes, cholesterol is a precursor of bile acids, 

steroid hormones, and vitamin D. It is therefore of critical importance that the cells of the 

body be assured an appropriate supply of cholesterol . 

The liver plays a central role in the regulation of the body’s cholesterol homeostasis. For 

example, cholesterol enters the liver’s cholesterol pool from a number of sources 

including dietary cholesterol, as well as cholesterol synthesized de novo by extrahepatic 

tissues and by the liver itself. Cholesterol is eliminated from the liver as unmodified 

cholesterol in the bile, or it can be converted to bile salts that are secreted into the 
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intestinal lumen It can also serve as a component of plasma lipoproteins sent to the 

peripheral tissues.. Cholesterol is widely distributed in all cells of the body particularly in 

nervous tissue.  

It present in the serum in two forms: 

1- As free cholesterol (25-35)% of total cholesterol. 

     2- As cholesterol ester (65-75)% of total cholesterol. 

Reference value of cholesterol is (150-250) mg/dl, supplied to the body from two 

sources: 

1- External source: from food (egg yolk, meat like kidney, liver, brain). 

2- Synthesized in the body: it synthesized in different organs (liver, skin, adrenals) 

from simple compound acetyl CoA which is produced from the metabolism of 

carbohydrate, lipid and protein. HMG CoA reductase, the rate-limiting enzyme, is the 

major control point for cholesterol biosynthesis, and is subject to different kinds of 

metabolic control. 
 

Phospho lipid (PL): 
 

Phospho lipids are derived from glycerol, a 

three-carbon alcohol, or sphingosine, a more 

complex alcohol. Phospho lipids derived 

from glycerol are called phosphoglyceride, 

which consist of a glycerol backbone, two 

fatty acids and a phosphorylated alcohol. 

In phosphatidate the hydroxyl group of C1 

&C2 of glycerol are esterified to the 

carboxyl group of two F.As. The C3 

hydroxyl group of the glycerol is esterified 

to phosphoric acid. 

Only small amount of phosphatidate is 

present in membrane. The major phospho 

glycerides are serine, ethanolamine, choline, 

glycerol & inositol. 

 

 

Sphingomyelin: 

The backbone of sphingomyelin is the amino alcohol sphingosine, rather than 

glycerol (Figure 48). A long-chain fatty acid is attached to the amino group of 

sphingosine through an amide linkage, producing a ceramide, which can also serve as a 

 
Fig 46. A. Structures of some glycerophospholipids. 
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precursor of glyco -lipids. The alcohol group at carbon 1 of sphingosine is esterified to 

phosphorylcholine, producing sphingomyelin, the onlysignificant sphingophospholipid in 

humans. Sphingomyelin is an important constituent of the myelin of nerve fibers. 
 

 
Fig 47. Structure of sphingomyelin, showing sphingosine (in green box) and 

ceramide components (in dashed box). 
 

Glycolipids: 

Glycolipids are molecules that contain both carbohydrate and lipid components. Like the 

phospholipid sphingomyelin, glycolipids are derivatives of ceramides in which a long-

chain fatty acid is attached to the amino alcohol sphingosine. glycosphingolipids are 

essential components of all membranes in the body, but they are found in greatest 

amounts in nerve tissue. 

Glycolipids differ from sphingomyelin in the nature of the unit that is linked to primary 

hydroxyl group of the sphingosine backbone, in glycolipids one or more sugar molecule  

 

is attached to this group. 

Fig 48. Structure of a neutral glycosphingolipid, 
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Lipoprotein: 

A lipoprotein is a particle consisting of a 

core of hydrophobic lipids surrounded by a 

shell of polar lipids and apoprotein. 

Lipoproteins are important because they 

transport the water insoluble fats and lipoid 

material in the aqueous medium blood by 

attachment to a hydrophilic protein layer, 

they consist of cholesterol, esters and 

phospoholipids bonded to protein. 

Lipoproteins are classified to their density, 

which reflects their size. The more lipid a 

complex contains, the larger it is and the 

lower its density.  

                                             

There are four main classes: 

1- Chylomicrons, which transport exogenous lipid 

from the intestine to all cells.They are composed 

largely of TG, cholesterol (both free and 

esterified), PL and a small percentage of a protein 

called apo Iks 

2- Very low density lipoprotein (VLDL), which 

transport endogenous lipid from the liver to the 

cells.Because of their large size these complexes 

reflect light and plasma with increased levels 

appears turbid or milky. Two smaller lipoproteins 

contain mostly cholesterol: 

1- Low density lipoprotein (LDL), which are 

formed from VLDL and transport cholesterol to 

cells. 

2- High-density lipoprotein (HDL), are involved in 

the transport of cholesterol from the cells to the 

liver. Free cholesterol derived from cells and from 

other lipoproteins is esterified in HDL. 

Esterification is catalyzed by the enzyme lecithin- 

cholesterol acyl transferase (LCAT) which is part 

of HDL complex.     

  

Fig 50. Composition of the plasma lipoproteins. 

Fig 49. Structure of a typical lipoprotein particle. 
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Plasma taken from a fasting subject contains only HDL, LDL &VLDL. Cholesterol in 

the form of HDL, reduces the risk of developing coronary heart disease. However, 

cholesterol in the form of LDL increases the risk. It has been found that atherosclerosis 

and coronary heart disease are associated with high serum levels of LDL. 

Reference values: 

S. Cholesterol: <200mg/dl 

S.TG: M (60-165)mg/dl F (40-140)mg/dl 

LDL: <130 mg/dl 

HDL: >35 mg/dl 
 

Plasma lipids: 

Four forms of lipid present in the plasma, they are: 

1- F.A (in the plasma FFA are carried mainly bound to albumin). 

2- Tri glyceride. 

3- Phospho lipids. 

4- Cholesterol (about 2/3
rd

 of the plasma cholesterol is esterified to form cholesterol 

ester. 
 

Bile: 

Bile is produced in the liver and stored in the gallbladder. When meat or fats enter the 

small intestine, they cause it to secrete a hormone cholecystokinin(CCK) this hormone 

enters the blood; stream and is carried to the gallbladder where it causes that organ to 

empty in to the duodenum through the bile duct. 

Bile is a yellowish- brown to green viscous liquid with a pH of 7.8-8.6 Because it is 

alkaline, it serves to neutralize the acid entering from the stomach. Bile contains bile 

pigments, bile salts and cholesterol.  

The bile acids contain 24 carbons, with two or 

three hydroxyl groups and a side chain that 

terminates in a carboxyl group. The bile acids 

are amphipathic in that the hydroxyl groups are 

α in orientation (they lie ―below‖ the plane of 

the rings) and the methyl groups are β (they lie 

―above‖ the plane of the rings). Therefore, the 

molecules have both a polar and a nonpolar 

face, and can act as emulsifying agents in the 

intestine, helping prepare dietary 

triacylglycerol and other complex lipids for 

degradation by pancreatic digestive enzymes. 

                                                        
 

Bile acids. .51 Fig 
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Bile salts: They are derived from cholic acid, a steroid similar to cholesterol in structure. 

Bile pigments: Bilirubin is the main bile pigment excreted in to the bile by the liver. 
 

Function of the bile system: 

1 - Emulsification: The bile salts have considerable ability to lower the surface tension 

of water. This enables them to emulsify fats in the intestine and to dissolve F.A and 

water insoluble soaps. 

2- Neutralization of the acid: The bile is reservoir of alkali, which help to neutralize the 

acid chyme from the stomach. 

3- Excretion: Bile is also important in excretion. It removes many drugs, toxins, bile 

pigment & various inorganic substances such as copper,  zinc & mercury. 

4- Cholesterol solubility: Lecithin and P.L in bile is itself insoluble in aqueous system 

but can be dissolved by bile salts in micelles. The large quantities of cholesterol present 

in the bile of humans are gments: Bilirubin is the main bile pigment excreted in to the 

bile by the liver solubilized in these micelles allowing cholesterol to be transported 

without precipitation in the bile. The solubility of cholesterol in the bile depends on the 

relative proportions of bile salts, lecithin and cholesterol. Any factor, which affects this 

solubility, result to the formation of gallstones. If the bile duct is blocked, the bile then 

goes in to the bloodstream, producing jaundice. Also if the bile is blocked, no bile 

pigments can enter the intestine and the feces will appear clay- colored or nearly 

colorless. 

Cholesterol and coronary heart disease: 

There is a great correlation between raised serum lipid levels and the incidence of 

coronary heart disease and atherosclerosis.Of the serum  lipid, cholesterol has been the 

one most chiefly concerned in this relationship. However, other parameters such as 

cholesterol / PL ratio, lipoprotein concentration, TG concentration . 

Patient with arterial disease may have any one of the following abnormalities: 
 

1 - Elevated concentration of TG with normal concentration of  cholesterol. 

2- Elevated level of cholesterol with normal TG. 

3- Elevation of both cholesterol and TG. 

Atherosclerosis: Deposition of lipids in the connective tissues of intima of arteries is 

called atherosclerosis. It causes obstruction to blood flow, leading coronary heart disease, 

stroke, myocardial infarction etc. The process is initiated when there is injury to 

endothelial cells of blood vessels. A number of factors are responsible for injury .The 

condition is compounded by hyper lipidemia. Low-density lipoprotein complexes 

(LDLs), which are the primary means of transporting cholesterol in the blood, are 

readily oxidized. A class of white blood cells recognizes the oxidation and absorbs the 
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LDL through its scavenger receptor. They becomes engorged and is referred to as a foam 

cell. It is characterized by the deposition of cholesterol ester and other lipids in the 

connective tissue of the arterial wall. Diseases in which prolonged elevated levels of 

LDL & VLDL occurs in the blood, Ex. diabetes mellitus, hypothyroidism and other 

condition of B hyperlipidemia are often accompanied by premature or more severe 

atherosclerosis. 
 

Ketone bodies: 

Under certain metabolic conditions (diabetes mellitus), when there is a deficiency in 

carbohydrate metabolism, which is a sole source of energy production, lipid metabolism 

will increase to substitute the lack of energy. This increase in lipid metabolism is 

associated with a high rate of F.A oxidation, which lead to an accumulation of acetyl 

CoA. The liver produces considerable quantities of acetoacetate, 3-hydroxy butyric acid 

and acetone from this compound, which then pass in to the blood. These three 

substances are known as ketone bodies. Their formation is as in the following reaction: 

The concentration of total ketone bodies in the blood is lmg/dl. Higher than the normal 

level present in blood constitute katonemia. The over all condition called ketosis. 

Aceto acetic acid and (3-hydroxy butyric acid are strong acids and are buffered with 

cations when present in blood, their continued excretion decrease the alkali reserve 

leading to ketoacidosis. 

 
Fig 52.Ketone body synthesis in the liver and use in peripheral tissues. 
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Obesity: 

The disease is due to irregulation of fat metabolism leading to fat accumulation in body 

at adipose tissue. Therefore its treatment is directed for reducing the caloric intake from 

fat and carbohydrate but maintaining the food which is rich in the protein, vitamins, 

minerals at normal level. 

 

Important notes: 

• Fats serve as a fuel in the body producing more energy per gram than either 

carbohydrate or protein. Metabolism of fat produces 9Kcal/gm, where as the metabolism 

of either carbohydrate or protein produces only 4Kcal/gm. 
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Enzymes 
 

Enzymes are specific biologic proteins that catalyze biochemical reactions. They 

are produced by the living organism and are usually present in very small amounts in 

various cells. They can also exhibit their activity when they have been extracted from 

the source. 
 

Nature of Enzymes 

Most enzymes are protein in nature. Depending on the presence and absence of a 

nonprotein component with the enzyme enzymes can exist as, simple enzyme or 

holoenzyme 
 

1. Simple enzyme : It is made up of only protein molecules not bound to any nonproteins. 

Example: Pancreatic Ribonuclease. 

2. Holo enzyme is made up o protein groups and non-protein component. 

 The protein component of this holo enzymes is called apoenzyme 

 The non-protein component of the holo enzyme is called a cofactor. 
  

If this cofactor is an organic compound it is called a coenzyme and if it is an inorganic 

groups it is called activator. (Fe 2+, Mn 2+, or Zn 2+ ions). Many enzymes require 

certain ions for their activity, amylase need Cl, enzymes turning over ATP require Mg, 

peptidases are activated by Mn, Zn or Co. If the cofactor is bound so tightly to the 

apoenzyme and is difficult to remove without damaging the enzyme it is sometimes 

called a prosthetic group. 

Coenzymes: Many enzymes in order to perform their catalytic activity require the 

presence of small non-protein molecules. Coenzymes are low molecular weight, non-

protein, thermostable & can be separated by dialysis. 
 

Uses of enzymes: 

1- In studies of metabolic reactions and their regulations. 

2- To study structure and mechanism of action of enzyme. 

3- As a catalyst for industrial synthesis of hormones and drugs. 

4- In medicine to study serum enzyme levels which is an important diagnostic tool. 

Properties of enzymes: 

1 - All enzymes are proteins. 

2- Enzymes accelerate the rate of reaction by: 

a- Not altering the reaction equilibrium,  

b- Being required in a very small amount,  

c- Being not consumed in the overall reaction. 
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3- They have the enormous power for catalysis. 

4- Enzymes are highly specific for their substrate. 

5- Enzymes possess active sites at which interaction with substrate takes place. 

6- Enzyme catalysts involve the transformation of enzyme substrate complex [ES] as an   

important intermediate in their action. 

7- Enzymes lower the activation energy. 

8- Some enzymes are regulatory in its function. 

Classification of enzymes: 

 
Fig 53.  Effect of an enzyme on the activation energy of a reaction. 
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Factors affecting the rate of enzymatic reaction: 
 

1- Effect of substrate concentration. 

At fixed enzyme concentration pH and 

temperature the activity of enzymes is influenced by 

increase in substrate concentration. An increase in the 

substrate concentration increases the enzyme activity 

till a maximum is reached. Further increase in substrate 

concentration does not increase rate of reaction. This 

condition shows that as concentration of substrate is 

increased, the substrate molecule combine with all 

available enzyme molecules at their active site till not 

more active sites are available (The active Sites 

become saturated). At this state the enzyme is obtained 

it maximum rate (V max). 
 

Michaelis menten equation: 

The Michaelis-Menten equation describes how reaction 

velocity varies with substrate concentration:  

Where V° = The initial rate , Vmax = Maximum 

velocity Km = Michaelis constant , 

 [S] = Substrate concentration  

Maximum Velocity (Vmax): it is the maximum initial rate that can theoretically occur at 

a given concentration of enzyme and with infinitely high substrate concentration. 
 

Characteristics of Km 

Km- can defined as the concentration of the 

substrate at which a given enzyme yields one-half 

its max. Velocity ( Km is numerically equal to the 

substrate concentration of which the reaction 

velocity equal to ½ Vmax)  Km- is characteristic 

of n enzyme and a particular substrate, and 

reflects the affinity of the enzyme for that 

substrate. Km- values varies from enzyme to 

enzyme and used to characterized different 

enzymes. Km- values of an enzyme helps to 

understand the nature and speed of the enzyme 

catalysis. 

 

 

 

 
Fig 54. Effect of substrate concentration on reaction velocities for two enzymes: enzyme 1 

with asmall Km, and enzyme 2 with a large  Km. 
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2- Effect of pH: 

Enzymes are proteins that carry net molecular charges. Changes in pH may 

denature an enzyme or influence its ionic state, resulting in structural changes or a 

change in the charge on an amino acid residue in the active site. Hence, each enzyme 

operates within a specific pH range and maximally at a specific pH. Most physiologic 

enzymatic reactions occur in the pH range of 7.0 to 8.0, but some enzymes are active in 

wider pH ranges than others For most enzymes the optimal pH is in the neutral or 

slightly acidic region. This effect of pH is probably due to the changes of the net charge 

on enzymes as they are proteins in nature. Excessive changes in pH brought on by the 

addition of strong acids or bases may completely denature and inactivate enzymes. 

Extreme pH can also lead to denaturation of the enzyme, because the structure of the 

catalytically active protein molecule depends on the ionic character of the amino acid 

chains. 

 
The pH at which maximum enzyme activity is achieved is different for different 

enzymes, and after reflects the pH at which the enzyme functions in the body. For 

example, pepsin, a digestive enzyme in the stomach, has maximum action at pH 2, Other 

enzymes, designed to work at neutral pH, are denatured by such an acidic environment.  

 

 
Fig 55. Effect of pH on enzyme-catalyzed 

reactions. 
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3- Effect of enzyme concentration: 

The rate of an enzyme-catalyzed reaction is directly proportional to the concentration of 

the enzyme. 

 

“Effect of enzyme concentration on reaction rate” 

4- Effect of temperature: 

The rate of an enzyme catalyzed reactions generally increases with temperature, Starting 

from low temperature as the temperature increases to certain degree the activity of the 

enzyme increases because the temperature increase the total energy of the chemical 

system . There is an optimal temperature at which the reaction is most rapid (maximum). 

Above this the reaction rate decreases sharply, mainly due to denaturation of the enzyme 

by heat. The temperature at which an enzyme shows maximum activity is known as the 

optimum temperature for the enzyme. For most body enzymes the optimum temperature 

is around 37°c, which is body temperature. 100 °c destroy all the enzymes. 

 

 

 “Effect of temperature on reaction rate” 
 

Lineweaver-Burk plot 

When vo is plotted against [S], it is not always possible to determine when Vmax has 

been achieved, because of the gradual upward slope of the hyperbolic curve at high 

substrate concentrations. However, if 1/vo is plotted versus 1/[S], a straight line is 

obtained (Figure 5.11). This plot, the Lineweaver-Burk plot (also called a double-
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reciprocal plot) can be used to calculate Km and Vmax, as well as to determine the 

mechanism of action of enzyme inhibitors. 

 
 

Enzyme Inhibition 

Inhibitors are the substances, which lower down the rate of enzyme reactions. They exert 

their effect by acting on the protein part of enzyme, prosthetic group, coenzymes or 

activator present in the enzyme system or by interfering with the binding of the substrate 

to the enzyme. There are two major types of enzyme inhibition, Irreversible and 

Reversible. 
 

Irreversible Inhibition 

The type of inhibition that can not be reversed by increasing substrate concentration or 

removing the remaining free inhibitor is called Irreversible inhibition 

Eg. Diisopropyl f luorophosphate (DFP) Inhibits the enzyme acetyl cholinesterase, 

important in the transmission of nerve impulses. Acetyl cholinesterase catalyzes the 

hydrolysis of Acetylcholin (to acetic acid and choline) a neurotransmitter substance 

functioning in certain portions of the nervous system. 
 

Reversible Inhibition 

This type of inhibition can be Competitive, Non-competitive and uncompetitive 
 

Competitive Inhibition: 

 This type of inhibition occurs when the inhibitor bind 

sreversibly to the same site that the substrate would 

normally occupy, therefore, competes with the 

substrate for that site. In competitive inhibition the 

inhibitor and substrate compete for the same active site 

on the enzyme as a result of similarity in structure. The 

enzyme substrate complex will be broken dawn to 

products (E+S�ES�E+P) where as enzyme inhibitor 

complex; (EI) will not be broken down to products.A 

classical example is Malonate that competes with 
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succinate and inhibits the action of succinate 

dehydrogenase to produce fumarate in the Krebs cycle. 

non-competitive inhibition: 

In non-competitive inhibition the inhibitor binds at different site rather than the substrate-

binding site. When the inhibitor binds at this site there will be a change in conformation 

of the enzyme molecules, which leads to the reversible inactivation of the catalytic site. 

Non-competitive inhibitors bind reversibly either to the free-enzyme or the ES complex 

to form the inactive complexes EI and ESI (Enzyme substrate Inhibition) The most 

important non-competitive inhibitors are naturally occurring metabolic intermediates that 

can combine reversibly with specific sites on certain regulatory enzymes, that changes 

the activity of their catalytic sites. 

An Example: is the inhibition of L-threonine dehydratase by L-isoleucine. 

 
 

Uncompetitive Inhibition: 

Uncompetitive Inhibitor binds only to ES complex at locations other than the catalytic 

site. Substrate binding modifies enzyme structure, making inhibitor-binding site 

available. Inhibition cannot be reversed by substrate. In this case apparent Vmax. and Km 

decreased. 

 
 

Allosteric Modulation 

In addition to simple enzymes that interact only with substrates and inhibitors, there is a 

class of enzymes that bind small, physiologically important molecules and modulate 

activity in ways other than those described above. These are known as allosteric 

enzymes 

E+S                [ES]               E+ P 

I 

[EI ]         Km          Vmax  -- 

E+S                [ES]               E+ P 

I                   I 

[EI]        S        [ESI]    Km  --       Vmax  

E+S                [ES]               E+ P                    

                      I  

                     [ESI]        Km          Vmax 
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Enzymes in clinical diagnosis 
 

Lipase: 

It is an enzyme catalyzing the hydrolysis of fats. It is secreted by pancreas and Liver. 

The plasma lipase level may be low in liver disease, Vitamin A deficiency and diabetes 

mellitus. It may be elevated in acute pancreatitis and pancreatic carcinoma. 

2. α- Amylase 

α- amylase is the enzyme concerned with the break down of dietary starch and glycogen 

to maltose. It is present in pancreatic juice and saliva as well as in liver fallopian tubes 

and muscles. The enzyme is excreted in the Urine. The plasma amylase level may be low 

in liver disease and increased in high intestinal obstruction, mumps, acute pancreatitis 

and diabetes. 

3. Trypsin 

Trypsin is secreted by pancreas. Elevated levels of trypsin in plasma occur during 

acute pancreatic disease. 

4. Alkaline phosphates (ALP) 

The alkaline phosphates are a group of enzymes, which hydrolyze phosphate esters at 

an alkaline pH. They are found in bone, liver, kidney, intestinal wall and placenta. In 

bone the enzyme is found in osteoblasts and is probably important for normal bone 

function. The level of these enzymes may be increased in rickets and osteomalacia, 

hyperparathyroidism, paget's disease of bone, obstructive jaundice, and metastatic 

carcinoma. Serum alkaline phosphatase levels may be increase in congestive heart failure 

result of injury to the liver. 

5. Acid Phosphatase (ACP) 

Acid phosphatases catalyzing the hydrolysis of various phosphate esters at acidic pH is 

found in the prostate, liver, red cells, platelets and bone. It may be elevated in metastatic 

prostatic carcinoma. 

6. Transaminases 

Two transaminases are of clinical interest. 

1. Aspartate Transaminase, AST ( Glutamate oxaloacetate transaminase, GOT ) 

catalyzes the transfer of the amino group of aspartic acid to α- ketoglutarate forming 

glutamate and oxaloacetate. AST or GOT is widely distributed, with high concentration, 

in the heart, liver, skeletal muscle, kidney and erythrocytes, and damage to any of these 

tissues may cause raised levels. 

2. Alanine transaminase, ALT (Glutamate pyruvate transaminase, GPT )  

Transfer the amino group of alanine to α- ketoglutarate, forming glutamate and pyruvate. 

It is present in high concentration in liver and to a lesser extent in skeletal muscle, kidney 

and heart. 
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- Serum levels of glutamate- pyruvate transaminase (SGOT) and Glutamateoxaloacetate- 

transaminase (SGOT) are useful in the diagnosis of liver parenchymal damage and 

myocardial damage respectively. In liver damage, both enzymes are increased, but SGPT 

increases more. In myocardial infarction SGOT is increased with little or no increase in 

SGPT. 

7. Lactate Dehydrogenase (LDH) 

It catalyzes the reversible inter conversion of lactate and pyruvate. It is widely distributed 

with high concentrations in the heart, skeletal muscle, liver, kidney, brain and 

erythrocytes. 

The enzyme is increased in plasma in myocardial infarction, acute leukemias, generalized 

carcinomatosis and in acute hepatitis. Estimation of it isoenzymes is more useful in 

clinical diagnosis to differentiate hepatic disease and myocardial infarction. 

8. Creatine kinase (CK) or ceratin phosphokinase (CPK) 

CK (CPK) is found in heart muscle brain and skeletal muscle. Measurement of serum 

creatine phosphokinase activity is of value in the diagnosis of disorders affecting skeletal 

and cardiac muscle. The level of CPK in plasma highly increased in myocardial 

infarction. 
 

Liver function tests 

The liver is the largest internal organ of the human body. It is a functionally complex 

organ that plays a critical biochemical role in the metabolism, digestion, detoxification, 

and elimination of substances from the body. The liver is involved in a number of 

excretory, synthetic, and metabolic functions, all of which are essential to life. It consists 

of two main lobes, its weight is from (1400-1500) gm in normal adults. This chapter 

focuses on the normal structure and function of the liver, the pathology associated with it, 

and the laboratory tests used to aid in the diagnosis of liver disorders. 
 

Functions of the liver: 

1- The liver is responsible for the conjugation of bilirubin and for its excretion in the 

biliary tract. 

2- The liver is the centre of metabolic activity for carbohydrate, lipid & protein. 

Carbohydrate: Sugar is converted to glycogen. Glycogen is stored as carbohydrate 

reserve being re convertible to glucose. 

Protein:  Amino acids are deaminated and the NH3 converted to urea, Ig are synthesized 

in the cells of RES. Production of fibrinogen, prothrombin & heparin in the liver 

cells....etc 

 Lipid: It is the major site for the conversion of acetyl CoA to F.A, TG and cholesterol. 

Then cholesterol further metabolized into bile acid, VLDL, HDL, PL are synthesized in 

the liver. 
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3- Formation of the ketone bodies, vit.D, many enzymes are synthesized in the liver cells 

like SGPT, SGOT, ALP,…etc 

4- The liver detoxicate many metabolic products and drugs, prior to their excretion in 

urine. The detoxification process involve chemical changes and or conjugation with 

glucoronic acid, glycine or sulphate by hydrolysis, carboxylation & demethylation, these 

various mechanism serve to convert many toxic substances or insoluble substance into 

other form that either more soluble or less toxic. 

5- The liver stores a variety of compounds including iron, copper, vit B12, vit A & 

glycogen. 

 

The importance of liver function tests: 

1 - To assess the severity of liver damage. 

2- To differentiate different type of jaundice. 

3- To find out the presence of latent liver disease. 

 

Liver function tests are divided into three classes: 

1- Tests indicating cell damage: 

eg. SGOT & SGPT there activity increased in: 

a- Viral hepatitis. 

b- Liver cirrhosis. 

SGPT is more specific indicator of liver cell damage than that of SGOT 

2- Tests indicating liver dysfunction: 

a- Conjugating capacity  eg. Bilirubin 

b- Excretion capacity      eg. BSP 

c- Synthetic capacity       eg. Albumin & A/G ratio 

Jaundice:  

The word jaundice comes from the French 

word jaune, which means ―yellow,‖ Jaundice, 

or icterus, is used to describe the yellow 

discoloration of the skin, eyes, and mucous 

membranes . 

Jaundice may be due to the production of more bile pigment than the normal liver can 

excrete, or it may result from the failure of a damaged liver to excrete the bilirubin in 

normal amounts. In the absence of hepatic damage, obstruction of excretory ducts of the 

liver by preventing the excretion of bilirubin will also cause jaundice.  
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Jaundice is sometimes subdivided into 3 major groups: 
 

1- Hemolytic or pre hepatic jaundice: in 

hemolytic jaundice, there is an increased 

heme degradation, the liver cells are unable 

to conjugate all the increased bilirubin leads 

to increased production of urobilinogen 

which appear in urine in large amounts. 

2- Hepatic jaundice: It results from liver 

damage (for example, in patients with 

cirrhosis or hepatitis) , can cause 

unconjugated bilirubin levels in the blood to 

increase as a result of decreased conjugation. 

Urobilinogen is increased in the urine. The 

indirect serum bilirubin level will be high, 

urine will show the presence of bilirubin and 

increased amount of urobilinogen. 

3- Obstructive or post hepatic jaundice: In 

this instance, jaundice is not caused by 

overproduction of bilirubin or decreased 

conjugation, but instead results from 

obstruction of the bile duct For example, the 

presence of a tumor or bile stones may block 

the bile ducts, preventing passage of 

bilirubin into the intestine., so no 

urobilinogen is found in urine, direct serum 

bilirubin level will be high, urine will show 

the presence of bilirubin. 

 

 

 

 

 

 

 

 

 

 

 

Fig 56. Alterations in the metabolism of heme. 

A. Hemolytic jaundice. B. Neonatal jaundice. 

BG = bilirubin glucuronide; B = bilirubin; 

U = urobilinogen; S = stercobilin 
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Fig 57. Formation of bilirubin from heme. 

UDP = uridine diphosphate. 
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Bilirubin test: 

Bilirubin is of two types: 
 

1- Direct bilirubin: It is bilirubin di glucoronide, it is water soluble. 

2- Indirect bilirubin: It is albumin bound bilirubin. It is water insoluble. 
 

Albumin/ Globulin ratio: A/G 

The normal A/G ratio is 1.2/1. In advanced liver disease, the ; albumin is decreased and 

globulin is increased, so that A/G ratio is Pi reversed. Low serum albumin is found in 

severe liver damage due to the impaired ability of the liver to form albumin. 
 

Bromosulphthalein (BSP) test 

A measured amount of dye is injected intravenously. The liver rapidly removes the dye 

and excretes in the bile. If the liver function is impaired, the excretion is delayed and 

larger proportion of the dyeremains in the serum.It is very sensitive test and is most 

useful in liver cell da jaundice, cirrhosis and chronic hepatitis. 

In healthy adults not more than 5% of the dye should remain in blood, but the bulk of 

dye is removed in 25 min. In hepatic diseases, cirrhosis, 40 to 50% of the dye retention 

takes place. 

 

Urobilinogen 

Sterchobilirubin 

Mesobilinogen 

 (Conjugated)

Bilirubin- diglucoric 

acid (soluble) 

onjugated)Unc( 

 Bilirubin- albumin  

Urobilin 

Urobilinogen 

Fig 56. Bilirubin metabolism 
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3- Tests for cholestasis: It is of two types: 

• Intra hepatic causes 

a- Viral hepatitis b- Drugs c- Pregnancy 

• Extra hepatic causes: 

a- Gallstones b- Carcinoma c- Fibrosis 

 

Tests indicating cholestasis are: 

1 - Alkaline phosphatase ALP 

3- 5- Nucleotidase 

4- γ-glutamyl transferase γGT 

5- Bromosulphthalein test BSP 
 

Alkaline phosphatase ALP: 

It is produced from bone & liver, which secrete it to plasma. Therefore any increase of 

activity of this enzyme denotes to bone damage or liver damage, as it is increased in 

rickets and jaundice. In children the normal value of enzyme is greater than that of adult 

as child used this enzyme for building up process in precipitating phosphorous in the 

bone tissue, also its increased in month of pregnancy. 

Abnormal values seen in bone disease like hyperparathyroidism, bone cancer, liver 

diseases like cholestasis, hepatitis & liver cirrhosis. 

Lower values than normal are seen in arrested bone growth, vit.D deficiency. 

Its normal value is (3-13) KAU/dl of plasma in adult, while it is up to 20 KAU/dl in 

childhood.  

 

Kidney function tests 

The kidneys excrete waste products from the body and regulate the chemical 

composition of body fluids. There are several constituents of the blood whose 

constituents may be used to assess kidney function, but much information may also be 

gained by examining the urine produced by the excretory process of kidneys. 

The kidney is a very complex organ, therefore it is quite helpful to the physician to 

know the type and location of a possible pathological lesion. Pre renal, renal or post 

renal phenomena can affect kidney function tests.  
 

Pre renal causes: 

1- Dehydration which may be found in pyloric and intestinal obstruction and in 

prolonged diarrhea. 

2- Shock 

3- Excessive loss of blood. 
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Renal causes: 

1- Diseases affecting glomerular filtration rate. 

2- The tubular function. 

3- Any changes in the renal vascular system that decreases the blood flow. 

Post renal causes 

Obstruction of the urine flow which may be caused by: 

1- Enlargement of the prostate. 

2- Stones in the urinary tract. 

3- Tumors of the bladder. 

Kidney function tests are divided in to three types: 

1- Those measuring glomerular filtration. 

2- Those measuring renal blood flow. 

3- Those measuring tubular function. 

There is a small group of simple tests and observations, which is widely used and 

adopted as a good indication of general kidney function. These tests constitute what is 

called a routine urine analysis. 
 

Routine urinalysis: 

It consist of determinations of urinary pH and specific gravity, tests for detection of 

reducing sugars, protein, ketone bodies and finally a microscopic examination of the 

urinary sediment to detect the possible presence of RBCs, WBCs, casts or other formed 

elements. 
 

Urine volume: 

The average amount of urine excreted by a healthy adult is approximately 1200 to 1500 

ml/24hr, but even in health this volume is variable depending upon water intake, diet, 

environmental temperature and activity. 

In diseases such as diabetes mellitus and diabetes insipidus an increase in 24hr urine 

volume occur (poly urea), while diminished urine output  (oligo urea) occurs with 

certain types of kidney damage and with dehydration. 
 

Specific gravity: 

It depends on the number, density and weight of dissolved particles. The specific gravity 

of urine is variable over a 24hr period. Normally the range is between 1.008-1.025, but 

variations are induced by such factors as fluid intake, activity, environmental 

temperature and the presence of glucose or protein. 
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Tests measuring glomerular filtration rate: 
 

Clearance tests: The group of tests generally referred to as renal clearance tests are 

extremely useful in measuring the actual capacity of u the kidney to eliminate certain 

substances present in plasma. Screening test for measuring renal function involve the 

determination of blood constituents such as non-protein nitrogen, urea nitrogen and 

creatinine. If the level of these substances increases, this implies impaired 4 renal 

function. The sensitivity of these tests is limited, and kidney function may decrease to as 

much as 50% of normal before these blood tests yield abnormal results. The amount of 

substance cleared by the kidney is expressed as that volume of plasma that contains the 

quantity of the substance excreted in the urine in a period of one minute. 

 

Clearance (ml/min) =  U / P * V 

 

U =The conc. of the substance in urine.  

P = The conc. of the substance in plasma. 

V = The urine volume per minute expressed in ml. 

 

There are three clearance tests, they are: 

1- Creatinine clearance test. 

2- Urea clearance test. 

4- Inulin clearance test. 
 

Inulin, the plant poly saccharide is rarely employed because of the limited availability of 

procedures for the quantitation of inulin and since inulin is not normally present in the 

plasma, it must be introduced at a suitable conc. In order to allow its clearance by the 

kidneys to be measured. 

Creatinine clearance is less influenced by the rate of urine flow than is the urea 

clearance to be valid, the latter requires urine flow of more than 2ml/min, also urea 

production in the body is not constant, so creatinine clearance is the standard laboratory 

determination of the earliest stages of renal failure because: 
 

1- It is a natural product of metabolism. 

2- It is analyzed in expensively by colorimetic methods. 

3- It is produced at a constant rate. 

4- It is eliminated only by renal action. 

R.V      105±20ml/min for male 

             95±20 ml/min for female 
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Tests measuring tubular function: 

1- P- amino hippurate clearance test. 

2- Phenolsulpthalein (PSP) test. 

3- Specific gravity. 

4- Ammonia in urine. 

5- Osmolality. 

PSP test:  

PSP is a dye that is removed from plasma to about 60 to 70% during one passage 

through the kidney (renal clearance about 400 ml/min), about 20% normally removed by 

the liver, of that portion of the dye that is removed by the kidneys, about 94% is 

removed by tubular excretion, thus the test is mainly a measure of the secretary capacity 

of the tubules. Urine samples collected 15, 30, 60 & 120 min. after the injection of the 

dye is used. 

Concentration and dilution test 

In the concentration tests, the ability of the kidneys to concentrate urine is tested by 

measuring the specific gravity of Osmolality of urine voided at intervals in the morning, 

following an overnight period of fluid restriction. 

In the dilution test, the ability of the kidneys to excrete dilute urine is tested by 

administering a massive fluid load and testing the specific gravity and Osmolality of 

urine samples foe a period of 3 to 4 hrs. 


