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STUDENT GUIDLINES 

 
Introduction 

Welcome to the First Year-Semester One in the General Nursing 
Program: 

 
 

Course : Biochemistry, is one of the Nursing course for the general 
nursing curriculum. The syllabus attached is designed to provide each 
student with an explanation to the course content. Unite objective are 
required reading materials for the course. 

 
 

Instructions for use of Student's Course Books 

 Each Class Session identifies the content that will be covered in 
that class and the activities expected by the students. 

 During the Class Session, ask for explanations of term that are not 
clear. 

 You are advised to participate in class room discussion. 

 You are advised to complete she study Questions given at the end 
of each unit that will help you to fully understand the course 
material. 

 You are advised to complete the laboratory requirements for this 
course. 
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Biochemistry 
 
 

1. Course Title: Biochemistry 

2. Course Number: (102) 

3. Credit Hours: Total (4) Credits: 

Theory  (3) Credits 

Lab. (1) Credits 

4. Course Calendar: Total (5) hours weekly of (15) weeks: 

Theory  (3) hrs. 

Lab. (2) hrs. 

5. Placement: first year / first Semester. 
 

6. Course Description: 

The biochemical studies introduce students to the fundamental 
Concepts compounds of biochemistry. The students look  at both 
structure and role of abnormal carbohydrate, Lipids,  Fattyacids, 
Amino acids, protain, Enzymes with disease. They also acquire the 
basic skill necessary for medical laboratory analysis and operating, 
maintaining, and cleaning laboratory equipments. 

7. Course Goals: 

After successfully completion of the course the students will 
be able to: 

 Define nutrients, properties, and classification. 
 Illustrate biochemical changes of nutrients and its metabolic 

pathway in human body. 
 Realize some important body constituents and their chemical 

changes in the laboratory. 
 Differentiate the biochemical functions of different human organs 

in normal and abnormal conditions. 
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 Understand the human biochemical reactions in normal situation 
and in case of diseases. 

 Use laboratory methods for monitoring biochemical reactions in 
biological samples. 

 Handle the laboratory equipment properly. 
8. Course Outline: 

 

The Theoretical Content 
 
 
 

Unit 1: Chemistry of Carbohydrate (9) hrs. 

 Definition of carbohydrate. 
 Classification, Mono, oligo and Polysaccharide. 
 Chemical properties of Carbohydrate. 
 Metabolism of Carbohydrate. 

-Glycogensis 

-Glycogenolysis 

-Glycolysis 

-Kreb Cycle 

 Metabolic disorder of carbohydrate metabolism. 
-Diabetes mellitus. 

 
 

Unit 2: Chemistry of Lipids (9) hrs. 

 Definition Fats, oil, Waxes, Fatty acids. 
 Classification. 

-Simple lipids 

-Compound lipids. 

-Derived lipids. 

 Steroids 
 Sterols z 
 -Cholesterol. 

 
 Lipids metabolism. 
 Fats Oxidation. 
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Unit 3: Chemistry of Amino acids and proteins (9) hrs. 

 Definitions of amino acid and protein. 
 Classification of Amino acid. 
 Classification of proteins. 

-Simple Protein. 

-Conjugated Protein. 

-Derived Protein. 

 Some important properties of protein. 
 

 Blood protein. 
 Non protein. 
 Nitrogen products. 

-Urea Formation. 

-Creatinine Formatin. 

-Uric Acid Formation. 

Unit 4: Chemistry of Enzymes (9) hrs. 

 Definition of Enzymes, Substrate. 
 Hole Enzyme, Coenzyme unit of Enzyme and Zymogene. 
 Inhibition of Enzyme. 
 -Competitive inhibitors. 

Non Competitive inhibitors. 

 Factors influence the activity of Enzyme. 
-Temperature 

-PH. 

-Concentration of Enzyme. 

-Concentration of Substrate. 

-Enzyme properties and Classification. 

-Plasma enzyme. 

-Lactate dehydrogenises Amylase. 
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Unit 5: Catabolism of heam produces bilirubin (5) hrs. 

 Jaunidice. 
 Types of Junidice. 
 Obstruction of biliary tree. 
 Diabetes mellites 

Laboratory Content 
 

 
 Handling of laboratory equipment (2) hr. 
 Serum glucose (2) hrs. 
 Serum cholesterol (2) hr. 
 Serum protein (2) hr. 
 Serum Urea (4) hrs. 
 Serum Creatinine (2) hrs. 
 Serum uric acid (2) hrs. 
 Serum bilirubin (2) hrs. 
 Serum Gpt,Got (4) hr. 
 Serum Alp, Acid Phosphates (4) hr. 
 Normal and abnormal urine (4) hr. 

 

9. Learning Resource: 

Blackboard, hand out, laboratory equipments. 

10. Teaching /Learning Strategies: 

Lectures, discussions, Demonstrations and Lab. work 

11. Students Evaluation: 
 

1st theory exam. 10% 

2nd theory exam. 10% 

Lab. activities 20% 

Final lab. exam. 20% 

Final theory exam. 40% 

-------------------------------------- 

Total 100% 
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Guidelines for writing the paper 

 Write a 100- 150 word paper explaining one of the above concept. 
Give illustration where required. 

 Contents of the student course book is not allowed to used. 
 Use at least three references from the library. 
 You are free to use any other resources for completion of this 

paper. 
 A list of references should be provided as policy. 
 Type the report, Font style: Time New Roman, size,14. 
 Use A4 Plain paper to print the report. 
 Copy- paste strategy will never accepted. 
 The paper is due as per the teacher's request. 

Criteria for evaluation of Written Paper 
 
 

SN Criteria Marks 
1. Introduction 1 
2. Contents with illustration 5 
3. Conclusion 1 
4. Tile page 1 
5. References/Resources used 1 
6. Organization ,Neatness, Language 1 

Total 10 
 
 
 

Prepared by: 

Dr.Nawal Thanoon younis , Assistant professor in Biochemistry . 
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Carbohydrates 

 
 

Carbohydrates are compounds containing C,H and O. The 

general formula for a carbohydrate is Cx (H2O)y .All carbohydrates 

contain C= O and OH functional groups.There are some derivatives 

from this basic formula because carbohydrate derivatives can be 

formed by the addition of other chemical groups,such as 

phosphates,sulfates ,and amines . The classification of carbohydrates 

is based on four different properties: 

1- The size of the base carbon chain . 

2- The location of the CO function group . 

3-The number of sugar units . 

4-The stereochemistry of the compound. 
 
 
 

1. The size of the base carbon chain : 
 

Carbohydrates can be grouped into generic classifications based on the 

number of carbons in the molecule . for example , trioses contain three 

carbons , tetroses contain four, pentoses contain five ,and hexoses contain 

six .in actual practice,the smallest carbohydrate is glyceraldehyde,athree- 

carbon compound . 

 
 

2. The location of the CO function group : 
 

 Carbohydrates are hydrates of aldehyde or ketone derivatives based 

on the location of the CO functional group . ( fig. 1) 
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Fig (2): 

 

 
 
 
 

 

 The two forms of carbohydrates are aldose and ketose (fig.2). 
 

a. The aldose form has aterminal carbonyl group (O=CH)called an 

aldehyde group . 

b. whereas the ketose has a carbonyl group (O=C)in the middle linked 

to two other carbon atoms (called a ketone group). 

 
 
 
 

 

 
 

Models used to represent carbohydrates . 
 

 The Fisher projection of a carbohydrate has the aldehyde or 

ketone at the top of the drawing . the compound can be represented 

as a straight chain or might be linked to show a representation of  

the cyclic hemiacetal form (fig 3). 

Fig (1): 
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Fig (4): 

 
 
 
 
 

 The Haworth projection represents the compound in the cyclic 

form. this structure is formed when the functional (carbonyl ) 

group (ketone or aldehyde) reacts with an alcohol group on the 

same sugar to form a ring called a hemaketal or hemiacetal ring . 

(fig.4) 

 

 
3. The number sugar units 

 
 Carbohydrates is based on number of sugar units in the chain : 

monosaccharaides, disaccharides, oligosaccharides, and 

polysaccharides, when two carbohydrate molecules join, a water 

Fig (3): 
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molecule is produced . when they split one molecule of water is 

used to form the individual compounds .this reaction is called 

hydrolysis . 

Monosaccharides 
 

 Monosaccharides are simple sugar that cannot be hydrolyzed to a 

simpler form .these sugars can contain three, four, five, and six or 

more carbon atoms ( known as trioses, tetroses, pentoses, and 

hexoses,respectively). 

 the most common include glucose, fructose, and galactose . 
 
 

Disaccharides 
 

 Disaccharides are formed when two monosaccharide units are 

joined by a glycosidic linkage . 

 on hydrolysis disaccharides will be split into two monosaccharides 

by disaccharide enzymes (e.g. lactase ) located on the microvilli of 

the intestine . 

 the most common disaccharides are maltose ( comprising 2-β-D- 

glucose in a 1 4 linkage),lactose, and sucrose . 

 
- Sucrose : prevalent in sugar cane and sugar beet, is composed of 

glucose and fructose through an α-( 1,2)β-glycosidic bond(Fig. 5) . 
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O 

 
 

 
 
 
 

- Lactose : is found in the milk of mammals and consists of 

galactose and glucose in a β-(1,4)glycosidic bond (Fig.6). 

 
 
 
 
 
 

 

Galactose Glucose 
 
 
 

Fig (6) : Lactose 
 
 
 

- Maltose :the major degradation product of starch ,is composed of 2 

glucose monomers in an α-(1,4) glycosidic bond (Fig.7). 

Fig (5): 
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Fig (8): 

 
 

 
 
 

Glucose Glucose 

Fig (7) : Maltose 

 
 

Polysaccharids 
 

Oligosaccharides are the chanining of 2 to 10 sugar units, whereas 

polysaccharides are formed by the linkage of many monosaccharide units 

. the most common polysaccharides are starch (glucose molecules )and 

glycogen( fig .8) 
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Glycogen 
 

- Glycogen is the major form of stored carbohydrate in animals . 

- this molecule is a homopolymer of glucose in α-(1,4) linkage , it is 

also highly branched with α-(1,6)branch linkages occurring every 

(8-10)residues . 

- glycogen is a very compact structure that result from the coiling of 

the polymer chains ,this compactness allows large amounts of 

carbon energy to be stored in small volume. 

 
 

Starch 
 

- Starch is the major form of stored carbohydrate in plant cells . 

- its structure is identical to glycogen ,except for a much lower  

degree of branching about every (20-30) residues . 

- un-branched starch is called amylase , branched starch is called 

amylopectin . 

 
 

4. The stereochemistry of the compound : 
 

- The central carbons of carbohydrate are asymmetric (chiral) – four 

different groups are attached to the carbon atoms . 

-  this allows for various spatial arrangements around each 

asymmetric carbon (also called stereogenic centers ) forming 

molecules called stereoisomers. 

- A monosaccharide is assigned to the D or the L series according to 

the configuration at the highest- numbered asymmetric carbon . 
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Fig (9): 

-  If the hydroxyl group to the right in the Fisher projection ,the  

sugar belongs to the D series and if it projects to the left , then it 

belongs to the L series .Fig (9). 

 
 
 
 
 
 
 
 

 
 
 

Chemical properties of carbohydrates 
 

- Some carbohydrates are reducing substances, these carbohydrate 

must contain a ketone or an aldehyde group . 

- All monosaccharides and many disaccharides are reducing agents 

because a free aldehyde or ketone (the open chain form )can be 

oxidized under the proper condition . 

- As disaccharide remains areducing agent when the hemiacetal or 

ketal hydroxyl group is not linked to another molecule . 

- examples of reducing substances include glucose ,  maltose, 

fructose , lactose, and galactose . 
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- Nonreducing carbohydrates do not have an active ketone or 

aldehyde group. 

- They will not reduce other compounds . the most common 

nonreducing sugar is sucrose – table sugar. 

- Carbohydrate can form glycosidic bonds with other carbohydrates 

and with noncarbohydrates . 

- two sugar molecules can be joined in tandem forming a glycosidic 

bond between the hemiacetal group of one molecule and the 

hydroxyl group on the other molecule . 

 
 

Metabolism of Carbohydrate 
 

- Glucose is a primary source of energy for human . 

- the  nervous system, including brain , totally depends on glucose 

from the surrounding extracellular fluid (ECF)for energy . 

- nervous tissue cannot concentrate or store carbohydrate . 

- glucose is the only carbohydrate to be directly used for energy or 

stored as glycogen . 

- Calactose and fructose must be converted to glucose before they 

can be used . 

- After glucose enters the cell, it is quickly shunted into one of three 

possible metabolic pathways , (glycolysis , gluconeogenesis, 

glcogenesis ) ,depending on the availability of substrates or the 

nutritional status of the cell. 
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Pathways in glucose metabolism 
 

Glycolysis: Metabolism of glucose molecule to pyruvate or lactate for 

production of energy . 

Gluconeogenesis: Formation of glucose -6-phosphate from 

noncarbohydrate sources. 

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

Glycogenesis : Conversion of glucose to glycogen for storage. 
 

Lipogenesis: Conversion of carbohydrates to fatty acids . 
 

Lipolysis : Decomposition of fat . 
 
 

The individual reaction of glycolysis 
 

- The pathway of glycolysis can be seen as consisting of 2 separate 

phases . 

- The first is the chemical priming phase requiring energy in the  

form of ATP, and the second is considered the energy –yielding 

phase . 

-  In the first phase (chemical priming phase) , 2 equivalents of 

ATP are used to convert glucose to fructose 1,6 bisphosphate 

(F1,6BP). 

- In the second phase (energy –yielding phase) . F1,6BP is 

degraded to pyruvate with production of 4 equivalents of ATP and 

2 equivalents of NADH . Fig.(1) 
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Fig (1) : Pathway of glycolysis 



19  

The hexokinase reaction 
 

The ATP dependent phosphorylation of glucose to form glucose 6- 

phosphate (G6P)is the first reaction of glycolysis, and is catalyzed by 

tissue –specific isoenzymes known as hexokinases. 

 
 

The phosphorylation accomplishes two goals: 
 

1. the hexokinase reaction converts nonionic glucose into an anion that 

is trapped in the cell , since cells lack transport systems for 

phosphorylated sugars . 

2. the otherwise biologically inert glucose becomes activated into a 

labile form capable of being further metabolized . 

Four mammalian isozymes of hexokinase are known (types I-Iν) ,with the 

type Iν isozyme often referred to as glucokinase. 

Comparison of the hexokinase and glucokinase: 
 

1.  The Km for hexokinase is significantly lower (0.1Mm) than that of 

glucokinase (10mM).the high Km of glucokinase for glucose 

means that this enzyme is saturated only at very high  

concentrations of substrate . 

2.  The non-hepatic tissues contain hexokinase , and glucokinase is 

the form of the enzyme found in hepatocytes . 

 
 

- Phosphohexose isomerase :- 
 

The second reaction of glycolysis is an isomerization ,in which G6P is 

converted to fructose 6-phosphate (F6P).The enzyme catalyzing this 
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reaction is phosphohexose isomerase(also known as phosphoglucose 

isomerase ). 

6- Phosphofructo-1- kinase (phosphofructokinase-1,PFK-1): 
 

- The next reaction of glycolysis involves the utilization of a second 

ATP to convert F6P to fructose 1,6bisphosphate (F1,6BP). 

- This reaction is catalyzed by 6- phosphofructo-1-kinase. 

- This reaction is not reversible because of its large positive free 

energy (∆G 
O =+5.4Kcal/mol). 

Aldolase 
 

- Aldolase catalyses the hydrolysis of F1,6BP into 3-carbonproducts 

:dihydroxyacetone phosphate (DHAP) and glyceraldehydes 3- 

phosphate (G3P) . 

- the aldolase reaction proceeds readily in the reverse direction . 

being utilized for both glycolysis and gluconeogesis . 

Triose phosphate Isomerase: 
 

The two products of the aldolase reaction equilibrate ready in a reaction 

catalyzed by triose phosphate isomerase . 

Glyceraldehyde -3-phosphate Dehydrogenase : 
 

- The second phase of glucose catabolism features the energy – 

yieldind glycolytic reactions that produce ATP and NADH . 

- in the first of these reactions , glyceraldehydes-3-P dehydrogenase 

(G3PDH) catalyzes the NAD+ dependent oxidation of G3P to 1,3- 

bisphosphoglycerate (1,3BPG)and NADH .the G3PDH reaction is 

reversible. 
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Phosphoglycerate Kinase : 
 

The high –energy phosphate of 1,3 –BPG is used to form ATP and 3- 

phosphoglycerate (3PG)by the enzyme phosphoglycerate kinase . 

Phosphoglycerate Mutase and Enolase : 
 

The 3PG is first converted to 2PG by phosphoglycerate mutase and the 

2PG conversion to phosphoenoylpyruvat (PEP) is catalyzed by enolase . 

Pyruvate Kinase 
 

- The final reaction of glycolysis is catalyzed by the highly regulated 

enzyme pyruvate kinase (PK),the high – energy phosphate of PEP  

is conserved as ATP . 

- the loss of phosphate by PEP leads to the production of pyruvete in 

an unstable enol form , to the more stable ,keto form of pyruvate . 

 
1. Definition : ( catabolism processes). 

2. Position in the cell and tissues : (cytoplasium). 

3. Position in the body ( all the tissues of the body ) 

4. Aims : 

a. production of ATP and NADH . 

b. Intermediate of biosynthesis are employed in anabolism . 

c. Production of pyruvate . 

5. Allostric enzymes : Hexokinase , Phosphofructo kinase , 

pyruvate kinas . 

6. Overal reaction : 
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2ADP+Pi 2ATP O 
 

║ 
 

Glucose 2CH3-C-COOH 
 
 
 

2NAD 2NADH+H+ 
 
 
 
 
 
 
 
 

 ATPةكلهتسملا دةلومتلا لعافتلا عيةون
Glucose G-6-P -1 

F-6-P F1, 6DP -1 

2 1,3DPD 2 3,PG +2 

2  PEP 2 Pyruvet +2 
 2 ATP 

Pyruvate Acetyl COA 2NADH 6ATP 
 8 ATP 

 

 
 
 

 
 طتبارا عقوم 2.

 :المنظم له موقعين  األنزيم

center .1Active اما سلصااا ةداملابم يزالنا طتبارا عقوم 

 ATPزفحملا عقوملاب  center Catalaytic  ضبح هطثبي وا لعافتلاز فيح
 تقاطلل تيلخلا جاتيحا تلحا

 
 
 
 
 
 
 
 
 

Active center Catalaytic center 

 

ATP 

Mg+2 

Subunitساصاأل دةاملا 
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Glycogen metabolism 

Glycogensis 

- Glycogen synthesis occurs after a meal when blood glucose levels 

are high , immediately after entering a cell, glucose and other sugars 

molecules are phosphorylated . 

- Synthesis of glycogen from glucose is carried out the enzyme 

glycogen synthase , this enzyme utilizes UDP-glucose as one 

substrate and the non-reducing end of glycogen as another . 

- the activation of glucose to be used for glycogen synthesis is carried 

out by the enzyme UDP-glucose pyrophosphorylase . 

Steps of Glycogensis : 
 

phosphoglucomutase 
 

Glucose -6-phosphate  Glucose -1-phosphate 

UDP-glucose pyrophosphorylase 

Glucose -1-phosphate + UTP  UDP-glucose + PPi 

PPi + H2O 2Pi 

Glycogen synthase 
 

UDP-glucose  + (Glycogen)n  (Glycogen)n+1 + UDP 

UDP + ATP UTP + ADP 

 
 

1. Definition  :  ( anabolism processes) . 

2. Position in the body (liver , musules). 

3. position in the cell and tissues ( cytoplasium) . 
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4. Aim: glycogen synthesis . 

5. Allostric enzymes : hexokinase , glycogen synthase , 
 

 synthase Glycogen ميزنا لمع شكع هلمع phosphorlase Glycogen لمخا

 ةرفضفلبا

6. Overall reaction : 
 

(Glycogen)n  + Glucose +2ATP +H2O (Glycogen)n+1 +2ADP 

+3Pi. 
 
 
 

Glycogenolysis : 
 

- Degaradation of stored glycogen (glycogenolysis) occurs through 

the action of glycogen phosphorylase . 

-  the action of phosphorylase is to phosphorolytically remove single 

glucose residues fromα (1-4) linkage within glycogen molecules , 

the product of this reaction is glucose -1-phosphate . 

- Glycogen phosphorylase cannot remove glucose residues from the 

branch point α (1-6) linkage in glycogen , the activity of 

phosphorylase ceases 4 glucose residues from the branch point . 

-  the removal of these branch point glucose residues the action of de 

branching enzyme (also called glucan transferase)which contains 

2 activities : glucotransferase and glucosidase . 

- The glucotransferase activity removes terminal 3 glucose residues 

of one branch , the glucose inα (1-6) at the branch is then removed 

by the action of glucosidase . 
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Pathway of glycogenolysis 
 

1. Definition ( catabolism processes). 

2. Position in the body (liver , muscle) . 

3. Position in cell and tissues (cytoplasium). 

4. Aim : production of glucose , pyruvate . 

5. Allostric enzymes : glycogen phosphorlase , glucotransferase , 

glucoside . 

6. Overal reaction: 

(Glycogen)n glucose-1-phosphate + ( Glycogen)n-1 
 

Tri carboxylic acid cycle (TCA) or Krebs cycle : 

Reaction of the TCA cycle : 
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-Citrate synthase (condensing enzyme ): 
 

The first reaction of the cycle is condensation of the methyl carbon of 

acetyl – COA with the keto carbon (C-2) of oxaloacetate (OAA) by 

citrate synthase enzyme . 

-Aconitase : 
 

The isomerization of citrate to isocitrate by aconitase is stereospecific 

with the migration of the –OH from the central carbon of citrate . 

-Isocitrate Dehydrogenase : 
 

Isocitrate is oxidatively decarboxylated to α–ketoglutarate by isocitrate 

dehydrogenase (IDH).the IDH of the TCA cycle uses NAD as a cofactor , 

the CO2 produced by the IDH reaction is the original C-1 of the 

oxaloacetate used in the citrate synthase reaction . 

 
 

-α- Ketoglutarate Dehydrogenase Complex : 
 

α-Ketoglutarate is oxidatively decarboxylated to succinyl –COA by the 

α–ketoglutarate dehydrogenase (α-KGDH) complex , this reaction 

generates the second TCA cycle equivalent of CO2 and NADH . 

-Succinyl COA Synthetase (Succinyl Thiokinase ): 
 

The conversion of succinyl –COA to succinate by succinyl COA 

synthetase involves use of GTP . 

-Succinate Dehydrogenase (SDH) : 
 

Succinate dehydrogenase catalyzes the oxidation of succinate to fumarate 

with the sequential reduction of enzyme-bound FAD . 
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-Fumarase (fumarate hydratase ): 
 

The fumarase reaction specific for the trans form of fumarate . the result 

is that the hydration of fumarate proceeds stereospecifically with the 

production of L-malate. 

 
 

-Malate Dehydrogenase (MDH) : 
 

L-malate is the specific substrate for MDH , the final enzyme of the 

TCA cycle . the forward reaction of the cycle ,the oxidation of malate 

yields oxaloacetate (OAA) . 
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Pathway of krebs cycle 
 

1. Definition (catabolism , anabolism processess) . 

2. Position in the body (All the tissues of the body ). 

3. Position in the cell ( maytocondria). 

4. Aims : 
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a.  To production of NADH , FADH2 and this energy is captured in 

the form ATP during acomplex process (oxidative phosphorylation ) 

 
 

NADH 3ATP FADH2 2ATP 
 
 
 

b.  Convert the intermediate to anabolic properties (fatty acid , amino 

acid ) 

c. The intermediate products uses as control for number of enzymes in 

other pathways 

5. Allostric enzymes : citrate synthase , isocitrate dehydrogenase 

(IDH), α-ketoglutarate dehydrogenase (α-KGDH). 

6. Overall reaction: 
 
 
 

Acetyl CoA +3NAD+ +FAD + GDP +Pi +2H2O 
 

CoA-SH +3NADH +3H++FADH2 +GTP +2CO2 
 

Diabetes Mellitus 
 

Diabetes mellitus :is actually a group of metabolic disease characterized 

by hyperglycemia resulting from defects in insulin secretion , insulin 

action ,or both. 

Types of diabetes mellitus 
 

A: Insulin dependent diabetes mellitus (IDDM) or type 1 diabetes . 
 

B: Non – insulin dependent diabetes mellitus (NIDDM) or type 2 

diabetes 
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C: Other specific types of diabetes mellitus 

D: Gestational diabetes mellitus (GDM). 

 
 

Type 1 diabetes mellitus 
 

- It is a result of autoimmune destruction of the ß-cells of the 

pancrease , causing deficiency of insulin secretion . 

- type 1 constitutes only 10% to 20% of all cases of diabetes and 

commonly occurs in childhood and adolescence . 

- this disease usually initiated by an environmental factor or 

infection (usually a virus ) in individuals ,with a genetic 

predisposition and causes the immune destruction of the ß cells of 

the pancrease and therefore ,a decreased production of insulin 

Type 2 diabetes mellitus 
 

- It is a result of an individual's resistance to insulin with an insulin 

secretory defect , most patients in this type are obese or have an 

increased percentage of body fat distribution in the abdominal 

region ,with an increase in age , and with lack of physical exercise . 

Other specific types of diabetes mellitus 
 

- are associated with certain condition (secondary) , including 

genetic defects of ß- cell function or insulin action , pancreatic 

disease , diseases of endocrine origin , and drug – or chemical- 

induced insulin receptor abnormalities. 

Gestational diabetes mellitus (GDM) 
 

- causes of( GDM) include metabolic and hormonal changes . 
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-  this disease is associated with increased perinatal complications 

and increased risk of diabetes in later years ,infants born to mothers 

with diabetes are at increased risk for respiratory distress syndrome 

, hypocalcemia , and hyperbilirubinemia. 
 
 
 

Action of Insulin 
 

- Insulin secretion from pancreatic –ß cells is regulated by glucose 

levels , in addition to its role in regulation glucose metabolism. 

- Insulin is formed from two chain , ( A ) chain is contain on the 21 

amino acid and its contain on the disulfide bond ,(B) chain is 

contain on the 30 amino acid and two chain are connected with 2 

disulfide bond . 

- The molecular weight of insulin ( 5700) Daltons , insulin hormone 

is connected to the insulin receptors (glucoprotein) activation on 

the cell surface and then its inter glucose from the blood to the cells 

. 
 

Control of blood glucose by the following hormones : 
 

1. Insulin hormone 

- It is the hormone responsible for the entry of glucose into the 

cell . 

- it is synthesized by the cells of islets of Langerhans in the 

pancreas . 

- it regulates glucose by increasing glycogenesis , lipogenesis , 

and glycolysis and inhibiting glycogenolysis. 

- Insulin is the only hormone that decreases glucose levels and 

can be referred to as a hypoglycemic agent . 
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2. Glucagon hormone 

- It is the hormone responsible for increasing glucose levels 

- it is synthesized by the ß cells of islets of Langerhans in the 

pancreas and released during stress and fasting states 

- glucagon acts by increasing plasma glucose levels by 

glycogenolysis in the liver and an increase in gluconeogenesis 

, it can referred to as a hyperglycemic agent . 
 
 

3. Epinephrine hormone 

- It is produced by the adrenal gland , increases plasma glucose 

by inhibiting insulin secretion , increasing glycogenolysis and 

lipolysis, epinephrine is released during times of stress . 

 
4. Glucocorticoids hormones 

- Primarily cortisol , are released from the adrenal cortex . 

-  It increases plasma glucose by decreasing intestinal entry into 

the cell and increasing gluconeogenesis , liver glycogen , and 

lipolysis . 

 
5. Growth hormone : is increases plasma glucose by decreasing the 

entry of glucose into the cells and increasing glycolysis . 

 
6. Thyroxin hormone : the thyroid gland is stimulated by the 

production of thyroid –stimulating hormone (TSH)to release 

thyroxine that increases plasma glucose levels by increasing 

glycogenolysis , gluconeogenesis , and intestinal absorption of 

glucose . 
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7. Somatostatin hormone: is produced by the ß cells of the islets of 

Langerhans of the pancreas , increases plasma glucose levels by the 

inhibition of insulin , glucagon, growth hormone , and other 

endocrine hormones. 

 

The diseases are result from born error of carbohydrate metabolism 

as follow: 

1. Galactosemia disease 

- Galactosemia disease is due to deficiency of galactose -1- 

phosphate uridyl transferase enzyme that converted galctose-1- 

phosphate to glucose -1-phosphate . 

- galactosemia ,a cause of failure to thrive syndrome in infants. 
 

The main features of galactosemia are 
 

a. Vomiting and diarrhea . 

b. Inhibition of glycogenolysis and hepatomegaly . 

c. Hypoglycemia . 

d. Hyperbilirubinemia,leading to jaundice . 

e. Galactose accumulation in the blood , tissue ,and urine following 

milk ingestion 6-Mental retardation . 

Galactose must be removed from the diet ,and prevent the infants from 

take milk and taking the glucose . 

2. Fructose intolerance 

- Fructose intolerance is due from a deficiency of fructose -1- 

phosphate aldolase that is converted fructose 1,6 di phosphate to di 

hydroxyl acetone phosphate . 

Fructose accumulation leads to symptoms are: 



34  

a. Hypoglycemia after fructose ingestion . 
b. Nausea and cirrhosis . 
c. Vomiting and abdominal pain . 
d. Liver damage with hepatomegaly . 
e. Jaundice . 

 
 

3. Glycogen storage disease 

Glycogen storage disease are result of the deficiency of a specific 
enzyme that an alternation of glycogen metabolism such as : 

A: Von Gierke disease : 

- Von Gierke disease is due from deficiency of glucose -6- 

phosphatase that is converted glucose -6-phosphate to glucose . 

- This disease is characterized by: 

1. Sever hypoglycemia with acidosis , ketonemia. 

2. Glycogen building in the liver causing hepatomegaly. 

3. Hyperlipidemia . 

4. Uricemia . 

5. Growth retardation . 
 

B: Muscular disease : 

- Muscular disease is due from of deficiency of phosphorylase 
enzyme in the muscular .and accumulation of glycogen in the 
muscular . 

 
 

Therapeutic for hyperglycemia 
 

The important of pharmacologic to therapeutic in type 2 diabetes are : 
 

1. The sulfonyl urea ( Tolbutamide) 

- The sulfonyl urea is classes of oral hyperglycemia drugs are 

referred to as endogenous insulin secretagogues because it is 

inducse induce the pancreatic release of endogenous insulin . 
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2. The alpha-Glucosidase inhibitors 

- Alpha-glucosidase inhibitors function by interfering with the action 

of the alpha-glucosidases present in the small intestine, then a 

reduction in digestion and absorption of glucose into the systemic 

circulation . 

 
3. Metformin (Biguanides ) 

- Metformin is lower serum glucose levels by suppression of hepatic 

glucose production and enhancing insulin – stimulated glucose 

uptake by skeletal muscle. 

 
 
 
 
 
 

Unit II: Chemistry of Lipids 

 Definition Fats, oil, Waxes, Fatty acids. 
 Classification. 

-Simple lipids 

-Compound lipids. 

-Derived lipids. 

 Steroids 
 Sterols 

-Cholesterol. 

-Bile acids 

 Some important chemical properties. 
 Lipids metabolism. 
 Fats Oxidation. 
 Metabolic disorder of lipids metabolism. 
 Ketosis. 
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Learning Objectives 

At the end of this chapter, the student should be able to: 
 
 

Lipids 
 

Lipids are water-insoluble organic biomolecules that can be extracted 

from cells and tissues by nonpolar solvents e.g : chloroform ,ether , or 

benzene. 

Fatty acids 
 

Fatty acids fill two major roles in the body : 
 

1.  As the components of membrane lipids . 

- As the major components of stored fat in the form of 

triacylglycerols . 

 
- All fatty acids are a long hydrocarbon chain and a terminal 

carboxyl group , fatty acids that contain no carbon-carbon double 

bonds are termed saturated fatty acids as palmitic acid , those that 

contain one or more double bonds are unsaturated fatty acids as 

oleic acid , fatty acids differ from each other primarily in chain 

length and in the number and position of their unsaturated bonds . 

 

 
- The table below gives the structures and symbols  of some 

important saturated and unsaturated fatty acids . the most common 

among the saturated fatty acids are pallmitic acid (C16) and stearic 

acid (C18)and among the unsaturated fatty acids oleic acid (C18). 



37  

Physiologically Relevant Fatty Acids 
 

 
 

 
 
 

Essential Fatty acids 
 

Fatty acids required in the diet of mammals are called essential fatty acids 

, the most abundant essential fatty acids , linoleic and γ-linolenic acids 

cannot  be  synthesized  by  mammals  but  must  be  obtained  from  plant 
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sources , in which they are very abundant , linoleic acid is a necessary 

precursor in mammals for the biosynthesis of arachidonic acid which is 

not found in plants . 

Fatty acids are necessary precursors in the biosynthesis of a group of fatty 

acid derivatives called prostaglandins . 

 
 

Classification of lipids 
 

1. Simple Lipids. 

2. Conjugated lipids. 

3. Derived lipids . 
 
 
 

1. Simple lipids divided into: 
 

A: Neutral lipids : 
 

- Neutral lipids are composed of esters of fatty acids with alcohol 

(glycerol) to produced Glycerides , triacylglycerides are esters of 

glycerol with three fatty acid molecules . 

- glycerides with one or two fatty acid groups called 

monoglycerides and Diglycerides respectively F . 

-  Glycerides mixtures are referred to as fats or oils . fats ,which are 

solid at room temperature contain a large proportion of saturated 

fatty acids .oils. are liquid at room temperature because of their 

relatively high unsaturated fatty acid content . 
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Neutral lipids 
 
 
 
 

B: Waxes: 
 

Waxes are complex mixtures of nonpolar lipids . they serve as protective 

coatings on leaves , stems ,and fruit of plant ,the skin and fur of animals . 

esters composed of long –chain fatty acids and long chain alcohols are 

prominent constituents of most waxes ex: Beeswax (myricylplamitate). 

 
 
 
 

 

 
Beeswax (Myricylplamitate) 
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2. Conjugated lipids divided into : 

A: Phospholipids: 

- The basic structure of phospholipids is very similar to that of the 

triacylglycerides except that C-3 of the glycerol backbone is 

esterifid to phosphoric acid . 

- the building block of the phospholipids is phosphatidic acid which 

results when the X substitution in the basic structure shown in the . 

Substitutions include 
 

- Ethanolamine (phosphatidyl ethanolamine also called cephalins). 
 

- Choline (phosphatidylcholine also called lecithins ). 
 

- Serine (phosphatidylserine). 
 

- Sphingolipids. 
 

- Plasmalogen. 
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X : CH2CH2-NH3
+ Ethanol amine 

 
X : CH2CH2N

+(CH3)3 Choline 
 

X : CH2CH2-COO- Serine 
| 

NH3 
Phosphatidic acid 

 
 
 
 

B: Glycolipids: 
 

Glycolipids are composed of carbohydrates and fatty acids such as : 
 

- Cerebrosides . 
 

- Gangliosides. 
 
 
 

C: Sulfolipids: 
 

D: Lipoproteins: 
 

Function of lipoproteins are transport the lipids in the blood such as: 
 

- Chylomicrones. 
 

- Very low density lipoproteins (VLDL). 
 

- Low density lipoproteins . 
 

- High density lipoproteins. 
 
 
 

3. Derives lipids: 
 

Derives are composed from : 
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-Saturated and unsaturated fatty acid . 
 

- Steroid . 
 

-Sterols . 
 

- Fatty aldehyde . 
 

- Keton bodies . 
 

- Terpens . 
 
 
 

Functions of Lipids: 
 

1. as structure components of biological membranes . 

2. as storage and transport forms of metabolic fuel. 

3. as protective coating on the surface of many organisms . 

4. They provide energy reserves in the form of triacylglycerols . 

5. Both lipid and lipid derivatives serve as vitamins and hormones . 
 

 
Steroids : 

 
Steroids are derivatives of saturated tatracyclic hydrocarbon 

perhydrocyclophenanthrene . 
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perhydrocyclophenanthrene 
 
 
 

- First important steroid product is Lanosterol which in animal 

tissues is the precursor of cholesterol . 

- cholesterol and lanosterol are members of a large subgroup of 

steroids called sterols . 

- Cholesterol is the precursor of many other steroids ,including the 

bile acids , male sex hormones , the estrogens ,or female sex 

hormones , the progestational hormone progesterone and the 

adrenocortical hormones. 

Blood lipids includes : 
 

1. Cholesterol. 

2. Triglyceride. 

3. Lipoprotein. 

- Concentration of the total lipids is about 500 mg /dl 
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Cholesterol : 
 

The cholesterol is asteroid compound contaning tetracyclic hydrocarbons 

cholesterols 9(the ring A,B,C,D) chole : means bile sterol , sterol : means 

solid alcohol cholesterol , cholesterol : means bile solid alcohol . 

 
 
 
 
 
 
 

 
 
 

Cholesterol 
 

- Molecular structure of cholesterol is ( C27H45OH) 

- Normal level of cholesterol in the blood 150 -250 mg /dl 
 

Cholesterol is present in most human tissues the largest amount of it 

is present into : 

1. Brain 

2. Nerve tissue 

3. Bile 

4. Blood 

5. Liver 
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Cholesterol has been found in blood in two forms : 
 

1. Free cholesterol 1/3 of total cholesterol 

2. Cholesterol  ester 2/3 of total cholesterol 
 

 
Sources of cholesterol in the body 

 
1. Exogenous: diet ex; (egg yolk , meat , animal fats , dairy products 

) absorption of cholesterol from diet in small intestine 

2. Endogenous from : 

a.  Liver (cholesterol produce from acetyl COA that is product 

from the metabolism of carbohydrates , amino acids , fats ) . 

b. Skin 
 
 
 

Lipid Metabolism 

B- Oxidation or Fatty acid Oxidation 

- Fatty acids must be activated in the cytoplasm before being 

oxidation in the mitochondria . 

-  each  fatty  acid  is  activated  in a reaction  with ATP and 

COASH , by catalyzed  acyl – COA ligase or acyl – COA 

synthetase . 

 
 

O O 
║ ║ 

R_  C_ O +  ATP + COASH R  C  S_ COA + AMP + PPi 
Acyl COA 
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- Because the mitochondrial inner membrane is impermeable to 

most  acyl – COA molecules  , a special carrier called  carnitine 

is used to transport acyl groups into the mitochondrial matrix 

, and carnitine is transport back into the inner  membrane  , it 

then react with anoher acyl- COA . 

O O 
║ ║ 

R _ C_ S _ COA + ( CH3)3N+_CH2_CH_CH2_C_O-  COASH + 
│ 

OH 
Acyl –COA Carnitine 

O 
║ 

( CH3)3N+_CH2_CH_CH2_C_O_ 
│ 

O 
│ 
C ═ O 

│ 

R 
Acyl carnitine 

 
 

- The B- oxidation of acyl –COA molecules consists of four 

reactions that occur in the mitochondrial matrix . 

- each cycle of reactions results  in  the  formation  of  acetyl –  

COA and  an  acyl  -COA that is  shorter  by  two  carbons  refer  

to the text for details of these reactions : 

 
1. B-oxidation of saturated fatty acids , catalyzed by acyl-COA 

dehydrogenase  , it is removed one hydrogen  atom  from  α- 

and B- carbons : 
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O H O 
║ │ ║ 

R_CH2 _ CH2 _ C _ S _ COA + FAD R _ C ═ C_ C_ S _ COA+FADH2 
α B │ 

H 
Acyl - COA α , B enoyl - COA 

 
 

2.  The second reaction is catalyzed by enoyl – COA hydrase , 

involves a hydration of the double bond between the α- and B- 

carbons : 

H O OH H O 
│ ║ │ │ ║ 

R_ C ═ C_ C_ S _ COA + H2O  R _ C _ C _ C _ S _ COA 
│ │ │ 
H H H 

α  -B- enoyl – COA 3- hydroxyl acyl - COA 
 
 

3.  In   the next   reaction is  catalyzed by  3- hydroxyl   acyl – COA 

dehydrogenase : 

OH  H  O O O 
│ │  ║ ║ ║ 

R _C_ C_ C_S_COA + NAD+  R_C_CH2_C_S_COA + NADH2 
│ │  α 
H H 

3- hydroxyl  acyl – COA B-keto acyl –COA 
 
 

4. Finally  , thiolase  enzyme  catalyzes  a  Cα-CB  cleavage  : 

O O O O 
║ ║ ║ ║ 

R_ C_ CH2_C_S_COA +  COASH   R_C_S_COA + CH3_C_S_COA 
B-Keto acyl -COA acyl-COA acetyl- COA 
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- In  this  reaction  , sometimes  called a thiolytic cleavage , an 

acetyl –COA molecule is released , the other product , an acyl – 

COA, now contains two fewer ( C) atoms . 

Ketogensis or Ketosis : 
 

- The ketone bodies : Most of the  acetyl – COA produced  during 

fatty acid oxidation is utilized by the citric acid cycle or  Krebs  

cycle , under normal condition . 

In  a  process called  Ketogenesis  ,  acetyl – COA molecules are 

used to synthesize ( acetoacetate , B-hydroxy butyrate , and 

acetone ) ,  a group  of molecules  called the ketone bodies . 

- Ketone body formation  ,  which  occurs  within  the  matrix  of 

liver mitochondria , begins with the condensation of two acetyl 

-COA to form acetoacetyl –COA and then acetoacetyl-COA 

condenses  with  another  acetyl-COA to form B-hydroxy –B- 

methylglutaryl –COA (HMG- COA) , in the next reaction , HMG 

–COA is  cleaved  to form acetoacetate and acetyl – COA . 
 

- Acetoacetate is then reduced to form B- hydroxybutyrate , 

acetone  is  formed  by the spontaneous decarboxylation of 

acetoacetate  when  the  latter molecules concentration is high . 

this circumstance , referred to as Ketosis occurs in uncontrolled 

diabetes  ,  during  starvation  , ( in  both  of these conditions there 

is massive lipolysis ) 
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CO2← ←NADH 

H+ + NAD← 

Ketone Body Formation: 
 

O 
║ 

2CH3_ C_S_COA 

Acetoacetyl –COA thiolase 
O O 
║ ║ 

CH3 _  C_ CH2 _C _S _COA + COASH 
Acetoacetyl – COA 

O 
║ 

CH3_ C _ S _ COA→  HMG – COA synthase 
O OH O 
║ │ ║ 

O__ C _ CH2 _ C_CH2_ C _S_COA + COASH 
│ 

CH3 
B - hydroxyl – B- methylglutaryl –COA 

 

HMG –COA Lyase 

O O O 
║ ║ ║ 

CH3_ C_ CH2_C_ O-- + CH3 _ C_S _ COA 
acetoacetate 

 
 
 
 
 

O H O 
║ │ ║ 

CH3 _ C _ CH3 CH3 _ C_ CH2 _ C_ O 
│ 

OH 
acetone B - hydroxybutyrate 
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Unit III: Chemistry of Amino acids and proteins 

 Definitions of amino acid and protein. 
 Classification of Amino acid. 
 Classification of proteins. 

-Simple Protein. 

-Conjugated Protein. 

-Derived Protein. 

 Some important properties of protein. 
 Protein metabolism. 
 Metabolic disorder of protein metabolism. 
 Blood protein. 
 Non protein. 
 Nitrogen products. 

-Urea Formation. 

-Creatinine Formatin. 

-Uric Acid Formation. 
 
 
 

Learning Objectives 

At the end of this chapter, the student should be able to: 
 
 
 
 
 
 
 
 
 

 
The Proteins 
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Definition of protein 
 

Protein are nitrogen organic components , they are complex molecules , 

protein are polymers that are composed of 20 different amino acids . each 

amuno acid consist of carbon , hydrogen , oxygen , nitrogen , sometime 

sulpher and phosphorus , the percentage of them are C (53%) 

,H(7%),O(23%),N(16%),S(1%). 
 

Protein are primary structural componts of muscle ,connective tissue , 

bones , hormones , enzymes , and in all living organisms . 

 
 

Amino acids 
 

- Amino acids are the building blocks of proteins .amino acid 

contains at least one of both amino and carboxylic acid functional 

groups . the basic structure of an amino acid is depicted in the 

following figure. 

 
 
 
 
 

 
- The N-terminal end amino group (-NH2)and the C-terminal end 

carboxyl group (-COOH) bond to the α-carbon with the amino 

group of one amino acid linking with the carboxyl group of another 

, forming a peptide bond a peptide bond fig.(2) 
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- A chain of amino acids is known as a polypeptide , and a large 

polypeptide constitutes a protein .in human serum , proteins average 

about 100-150 amino acids in the polypeptide chains. 

-  Amino acids differ from one another by the chemical composition 

of their R group (side chains). 

- The R group found on the 20 different amino acids used in building 

proteins are shown in the table below. 
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Essential amino acids 
 

- About half of the 20 amino acids needed by humans cannot be 

synthesized at a rapid enough rate to support growth, they must be 

supplied in food . 

- these nutritionally essential amino acids must be supplied by diet in 

the form of proteins . 

- the essential amino acids are ,( arginine , histidine ,isoleucine, 

leucine, lysine, methionine , phenylalanine, threonine ,tryptophan , 

and valine ). 

 
 

Semi-essential amino acids 
 

- It is required for the young but not for adults and can be synthesized 

in high enough amounts that the body needs as: (cystine , 

tyrosine),tyrosine is produced from phenylalanine , so if the diet is 

deficient in phenylalanine ,tyrosine will be required as well. 

Non-essential amino acids 
 

The 10 amino acids that the body can produce are ( alanine , asparagines 

,aspartic , cycteine , glutamic acid , glutamine , glycine , proline, serine , 

tyrosine) 

Classification by Protein Functions: 
 

1. Enzymes :proteins that catalyze chemical reaction . examples ,the 

transaminases , dehydrogenases , and phosphatases . 

2. Hormones : proteins that are chemical messengers that control the 

actions of specific cells or organs . examples, insulin, testosterone , 

growth hormone . 
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3. Transport proteins : proteins that transport of ions , small 

molecules , or macromolecules , such as hormones , vitamins , 

minerals , and lipids , across a biologic membrane .examples of 

transport proteins , hemoglobin , albumin , and transferring . 

4. Immunoglobulins (antibodies): proteins produced by B-cell 

(lymphocytes)in the bone marrow . examples are, IgG , IgM, and 

IgA. 

5. Structural proteins : fibrous are the structures of cells and tissues 

such as muscle , tendons , and bone matrix . collagen , elastin , and 

keratin are examples of structural proteins . 

6. Storage proteins :proteins that serve as reserves of metal ions and 

amino acids that can be released and used .the most storage protein 

is ferritin, which stores iron to be later used in the manufacture of 

hemoglobin . 

7. Energy source : plasma proteins serve as a reserve source of  

energy for tissues and muscle. 

8. Osmotic force : plasma proteins function in the distribution of 

water throughout the compartments of the body. 

 
 

Classification by protein structure 
 

1. Simple proteins : simple proteins may be globular or fibrous in 

shape . 

a.  Globular proteins are globelike , symmetrical proteins that are 

soluble in water ,globular proteins are transporters .examples of 

globular proteins are, albumin , hemoglobin , and the 

immunoglobulins IgG ,IgA,and IgM. 
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b. Fibrous proteins form long protein filaments or subunits , are 

asymmetrical and usually inert , and are generally water insoluble 

. fibrous proteins are structural ,such as connective tissues , 

tendons , bone and muscle examples of fibrous proteins include 

,keratins and collagen. 
 
 

2. Conjugated proteins 

- conjugated proteins consist of a protein and a non-protein (prosthetic 

) group. 

- The prosthetic group is the non-amino part of a conjugated protein, 

the prosthetic group may be lipid , carbohydrate , metals and others. 

Example of conjugated proteins 
 

a. Metalloproteins have a metal ion attached to the protein such as 

ferritin contains iron and ceruloplasmin which contains copper 

b. Lipoproteins have lipids such as cholesterol and triglyceride linked 

to proteins ,such as high density lipoproteins (HDL)and very low 

density lipoproteins (VLDL) . 

c. Glycoproteins are used to describe carbohydrate with joined to 

proteins , generally those molecules with 10%-40% carbohydrate are 

called glycoproteins .example of glycoproteins are , haptoglobin and 

α1-antitrypsin. 

d. Nucleoproteins are those proteins that are combined with nucleic 

acids ,DNA or RNA.chromatin is an example of nucleoprotein that  

is the complex of DNAand protein that makes up chromosomes . 
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Plasma proteins: 
 

- The major plasma proteins are divided into two group : 

- albumin and globulins . 

- there are four major types of globulins,α1,α2,β,and γ fractions 

,each with specific properties and actions . 

- Atypical blood panel will provide four different measurements – 

total protein , albumin , globulins , and the albumin /globulin ratio. 

Albumin : 
 

Albumin is synthesized in the liver from 585 amino acids at the rate of 9- 

12 gm/day with no reserve or storage . 

Function of albumin : 
 

1. Albumin is responsible for nearly 80% of the osmotic pressure 

intravascular fluid . 

2. Albumin transports thyroid hormone, fat-soluble , iron , fatty acids 

, un conjugated bilirubin , calcium ,and drugs. 

3. Source of endogenous amino acids. 
 

Normal range of serum albumin is : ( 3.8-4.4) gm./dl 
 
 
 

Decreased concentrations of albumin may be caused by the following 

: 
 

1. An inadequate source of amino acids that occurs in malnutrition 

and mal-absorption. 

2. Liver disease , resulting in decreased synthesis by the hepatocytes. 

3. protein-losing lead to disease of intestinal tract as in diarrhea. 

4. Kidney loss to the urine in renal disease . 
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5. Skin loss in the absence of the skin barrier such as in burns . 

6. Hypothyroidism . 

7. Dilution by excess drinking too much water or excess 

administration of intravenous fluids . 

8. Acute disease states . 
 

Increased serum albumin levels are seen only with: 
 

1. Dehydration 

2. After excessive albumin infusion. 
 
 

Urine 
 

- Urine is a complex aqueous solution of inorganic salts and organic 

waste products of body metabolism . 

- The term nonprotein nitrogen (NPN)compounds arise from the 

catabolism of proteins and nucleic acids . 

-  the biochemistry , and analytical methods for measurement of the 

(NPN)compounds (urea , uric acid , creatinine , creatine and 

ammonia) table (1). 

 
 

Urea 
 

- The NPN compound present in highest concentration in the blood is 

urea . urea is the major product of protein metabolism . 

-  it is formed in the liver from amino groups (-NH2) and free 

ammonia during protein catabolism ,urea nitrogen (urea N)is a more 

appropriate term . 
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Physiology : 
 

- Protein metabolism produces amino acids that can be oxidized to 

produce energy or stored as fat and glycogen . 

- these processes release nitrogen , which is converted to urea and 

excreted as a waste product . 

- following synthesis in the liver , urea is carried in the blood to the 

kidney , where it is readily filtered from the plasma by the 

glomerulus. 

- Most of the urea in the glomerular filtrate is excreted in the urine . 

- some urea is reabsorbed by the renal tubules . 

-  the amount reabsorbed depends on urine flow rate and extent of 

hydration . 

-  small quantities of urea (10% of the total ) are excreted through the 

gastrointestinal tract and skin . 

- The concentration of urea in the plasma is determined by renal 

function and perfusion , the protein content of the diet , and the rate 

of protein catabolism. 

Pathophysiology 
 

- An elevated concentration of urea in the blood is called azotemia 

- very high plasma urea concentration accompanied by renal failure 

is called uremia , or the uremic syndrome . 

Condition causing increased plasma urea are classified according to 

cause into three main categories : 

prerenal , renal , and postrenal . 

A: Per-renal azotemia 
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- It is caused by reduced renal blood flow, consequently , less urea is 

filtered .causative factors include : congestive heart failure , shock , 

hemorrhage , dehydration , high protein diet or increased protein 

catabolism such as stress , fever and gastrointestinal hemorrhage may 

increase urea concentration. 

B: Renal causes of elevated urea include: acute and chronic renal failure , 

glomerular nephritis , tubular necrosis , and other intrinsic renal disease . 

C: Post-renal azotemia can be due to obstruction of urine flow in the 

urinary tract by renal calculi , tumors of the bladder or prostate , or sever 

infection . 

The major causes of decreased plasma urea concentration include: 
 

1. low protein intake . 

2. sever liver disease . 
 
 

- plasma urea concentration is decreased during late pregnancy and 

infancy as a result of increased protein synthesis . 

- Normal value of urea in plasma or serum adult : 6-20 mg / dl 

- Normal value of urea in urine adult: 12 – 20 g / day 
 
 
 

Uric acid 
 

- Uric acid is the product of catabolism of the purine nucleic acids 

- although it is filtered by the glomerulus and into the urine,  most 

uric acid is reabsorbed in the proximal tubules and reused . 
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- uric acid is relatively insoluble in plasma and , at  high 

concentration ,can be deposited in the joints and tissue , causing 

painful inflammation . 

Physiology 
 

- Purines , such as adenine and guanine from the breakdown of 

ingested nucleic acids , are converted into uric acid ,  primarily in 

the liver . 

- uric acid is transported in the plasma from the liver to the kidney , 

where it is filtered by the glomerulus . 

-  reabsorption of 98% to 100% of the uric acid from the glomerular 

filtrate occurs in the proximal tubules . 

-  small amounts of uric acid are secreted by the distal tubules into  

the urine . 

- Renal excretion accounts for about 70% of uric acid elimination ,  

the remainder passes into the gastrointestinal tract and is degraded 

by bacterial enzymes . 

- Nearly all of the uric acid in plasma is present as monosodium 

urate .at the PH of plasma PH 7 , urate is relatively insoluble , at 

concentrations greater than 6.8mg /dl , the plasma is saturated .as a 

result, urate crystals may form and precipitate in the tissues . 

- Normal value of uric acid in plasma or serum: 3.5- 7.2 mg / dl in 

adult male 
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- Normal value of uric acid in plasma or serum: 2.6 – 6.0 mg / dl in 

adult female 

- Normal value of uric acid in urine adult: 250 – 750 mg / day 
 

Pathophysiology 
 

- Elevated plasma uric acid concentration hyperuricemia is found in: 

gout , increased catabolism of nucleic acids , renal disease 

,hemolytic or anemia . 
 
 

- Gout is a disease found primarily in men and usually is first 

diagnosed between 30 and 50 years of age . affected individuals 

have pain and inflammation of the joints caused by precipitation of 

sodium urates .in 25% to 30% of these patients , hyperuricemia is a 

result of overproduction of uric acid . 

 
- Hypouricemia is less common than hyperuricemia and is usually to 

sever liver disease or defective tubular re absorption as in Fanconi 

syndrome . 

 
 

Creatinine and Creatine: 
 

- Creatinine is formed from creatine and creatine phosphate in  

muscle and is excreted into the plasma at a constant related to muscle 

mass. 

- Plasma creatinine is inversely related to glomerular filtration rate 

(GFR) and ,it is commonly used to assess renal filtration function . 



63  

Physiology 
 

- Creatine is synthesized primarily in the liver from arginine , glycine 
 

, and methionine . 
 

-  it is then transported to other tissues , such as muscle , where it is 

converted to creatine phosphate ,which serves as a high – energy 

source . 

- Creatine phosphate loses phosphoric acid and creatine loses water  

to form the cyclic compound , creatinine, which diffuses into the 

plasma and is excreted in the urine . 

 
 

 

 
- Creatinine is released into the circulation and it is filtration by 

glomerular ,then excreted in the urine . 
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-  small amounts of creatinine are secreted by the proximal tubule 

and reabsorbed by the renal tubules . 

- Normal value of creatinine in plasma or serum: 0.9 –  1.3  mg /dl 
 

in adult male Normal value of creatinine in plasma or serum : 0.6 
 

– 1.1 mg / dl in adult female 
 
 
 

Pathophysiology 
 
 
 

- Elevated creatinine concentration is associated with abnormal renal 

function . 

- plasma concentration of creatinine is inversely proportional to 

clearance of creatinine. 

- When plasma creatinine concentration is elevated ,GFR is 

decreased , indicating renal damage . 



65  

Unit 4: Chemistry of Enzymes 

 Definition of Enzymes, Substrate. 
 Hole Enzyme, Coenzyme unit of Enzyme and Zymogene. 
 Inhibition of Enlyme. 

-Competitive inhibitors. 

Non Competitive inhibitors. 

 Factors influence the activity of Enzyme. 
-Temperature 

-PH. 

-Concentration of Enzyme. 

-Concentration of Substrate. 

-Enzyme properties and Classification. 

-Plasma enzyme. 

-Lactate dehydrogenises Amylase. 
 
 
 

Learning Objectives 

At the end of this chapter, the student should be able to: 
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Chemistry of Enzymes 

- Enzymes are specific biologic proteins that catalyze biochemical 

reaction without changed in composition ,the other substances in 

the reaction are converted to products . 

- the catalyzed reactions are essential to physiologic functions , such 

as nerve conduction , muscle contraction , nutrient degradation 

,energy use . 
 

- plasma or serum enzyme level are useful in the diagnosis of 

particular diseases or physiologic abnormalities . 

- In addition to the basic enzyme structure , a nonprotein molecule 
 

,called a cofactor , may be necessary for enzyme activity . 

Inorganic cofactors ,such as chloride or magnesium ions , are 

called activators . 

- A coenzyme is an organic cofactor , such as nicotinamide adenine 

dinucleotide (NAD). When bound to the enzyme is called a 

prosthetic group . 

- The enzyme that lacks with an essential cofactors is called an 

apoenzymes , Intact enzymes with their bound cofactors are 

referred to as holoenzymes . 
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Classifications of Enzymes 
 

1. Oxidoreductases : catalyze an oxidation –reduction reaction 

between two substrates ,by add or remove hydrogen atoms 

examples include , dehydrogenases, oxidases oxygenases , 

reductases , peroxidases , hydroxylases . 

2. Transferases : catalyze the transfer of a group from one substrate 

to another examples include ,the transcarboxylases , 

transmethylases , transaminases . 

3. Hydrolyses : catalyze hydrolysis of various bonds by add water 

across a bond , hydrolyzing it examples include , esterases , 

phosphatases , peptidases . 

4. Lyases : catalyze to add water , ammonia or carbon dioxide across 

double bonds , or remove these elements to produce double bonds 

examples include , decarboxylases , dehydratases , deaminases. 

5. Isomerases :catalyze the interconversion of geometric,optical , or 

positional isomers,examples include, mutases catalyze the 

intramolecular transfer of functional groups . 

6. Ligases :catalyze reactions in which two chemical groups are 

joined with the use of energy from ATP examples include , 

synthetase , carboxylases 
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Inhibitors 
 

Enzymatic reaction may not progress normally if a particular substance , 

an inhibitor , interferes with the reaction . 

Classification of Enzyme inhibitors 
 

1. Competitive inhibitor 

- Competitive inhibitors physically bind to the active site of an 

enzyme and compete with the substrate for the active site. 

-  the inhibition is reversible because the substrate is more likely 

than the inhibitor to bind the active site and the inhibition is 

reversed by increasing the concentration of substrate . 

 
 
 
 
 
 
 

 
Competitive inhibitor 
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2. Noncompetitive Inhibitor : 
 
 

- A noncompetitive inhibitor binds an enzyme at a place other than 

the active site . 

-  because the inhibitor binds the enzyme in dependently from the 

substrate . 

- Increasing substrate concentration does not reverse the inhibition . 

 

Noncompetitive inhibitor divided into two types : 

A: Reversible noncompetitive inhibitor . 

This inhibitor binds to the enzyme in reversible reactions and composed 

two complex EI and ESI. 
 

 
Reversible noncompetitive inhibitor 
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B: Irreversible noncompetitive inhibitor . 

This   inhibitor destroys part of the enzyme involved  in catalytic  activity 

,usually the inhibitor bound covalently to the enzyme and poison  enzyme 

. 
 
 
 

 

 
 
 
 
 

Irreversible noncompetitive inhibitor 
 

3. Uncompetitive inhibitor 

- Uncompetitive inhibition is another kind of inhibition in which the 

inhibitor binds to the ES complex –increasing substrate 

concentration results in more ES complexes to which the inhibitor 

binds , thereby ,increases the inhibition .the enzyme –substrate – 

inhibitor complex does not yield product. 
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Uncompetitive inhibitor 

Factors that Influence Enzymatic Reactions : 

1. Substrate Concentration 
 
 

 The substrate binds to free at a low –substrate concentration ,the 

reaction rate increases as more substrate is added . 

  the reaction is following first –order kinetics because the reaction 

rate is directly proportional to substrate concentration when the 

substrate concentration is high enough to saturate all available 

enzyme and the reaction velocity reaches its maximum , the 

reaction is in zero –order kinetics , and the reaction rate depends 

only on enzyme concentration . 
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Substrate Concentration 
 
 
 
 

2. Enzyme concentration : 
 

The velocity of the reaction is proportional to the enzyme concentration . 

the higher the enzyme level ,the faster the reaction will proceed because 

more enzyme is present to bind with the substrate . 
 

 
Enzyme concentration 

 
3. PH 

 Changes in PH may denature an enzyme or influence its ionic state 

,resulting in structural changes , hence each enzyme operates 

within a specific PH range and maximally at a specific PH . 
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 most enzymatic reactions occur in the PH range of 7.0 to 8.0 but 

some enzymes are active in wider PH ranges than other ,for 

example the optimum PH of pepsin is approximately 1.6 and 

glucose -6-phosphatase is 7.8 . 
 

 
PH 

 
 
 

4. Temperature 

 The temperature is high enough to denature the protein 

composition of the enzyme . 

 for each 10◦ increase in temperature , the rate of reaction 

approximately double until ,of course the protein is denatured. 

 The rate of denaturation increases as the temperature increases and 

is significant at 40 ◦ to 50◦c. 
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 each enzyme functions at optimum temperature ,which is 

influenced by other reaction especially the total time for reaction. 

 
 
 
 

 
 
 

Temperature 
 
 
 
 
 

Plasma Enzymes 
 

1. Aspartate Aminotransferase : 

 Aspartate amintransferase (AST) is an enzyme belonging to 

the class of transferases. 

 It is commonly referred to as a transaminase and is involved  

in the transfer of an amino group between aspartate and α- 

keto acids . 

 the older terminology ,serum glutamic –oxaloacetic 

transaminase (SGOT,or GOT) . 
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Tissue Source 
 

The highest concentrations of AST are found in : 
 

 Cardiac tissue . 

 Liver. 

 with skeletal muscle. 

 smaller amounts found in the kidney , pancreas ,and erythrocytes . 
 

Reference Range of AST 5-30 U/ L (37◦c) 
 
 
 

Diagnostic Significance: 
 

a. In acute myocardial infarction (AMI). 

 AST level begin to rise within 6 to 8 hours ,peak at 24 hours 

,and return to normal within 5 days . 

 because of the wide tissue distribution ,AST level are not useful 

in the diagnosis of AMI. 

b. AST elevation in pulmonary embolism . 

c. AST level increased in heart failure . 
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d. AST level are highest in acute hepatocellular disorders , in viral 

hepatitis . 

e. AST level increased in skeletal muscle disorders . 
 
 
 

2. Alanine Aminotransferase : 

 Alanine aminotransferase (ALT) is catalyzes the transfer of an 

amino group from alanine to α-ketoglutarate with the formation of 

glutamate and pyruvate . 

 the older terminology was serum glutamic-pyruvic transaminase 

(SGPT,GPT). 

 
 
 
 
 
 
 

 
 
 

Tissue Source 
 

 ALT is distributed in many tissues ,with high concentrations in 

the liver . 

 it is considered the more liver-specific enzyme of the 

transferases. 

Reference Range of ALT 6-37 U/L (37◦c) 
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Diagnostic Significance 
 

ALT are mainly to evaluation of hepatic disorders . 
 

3. Alkaline phosphatase : 

 Alkaline phosphatase (ALP) belongs to a group of enzymes that 

catalyze the hydrolysis of phosphomonoesters at an alkaline PH. 

 ALP function to liberate inorganic phosphate from an organic 

phosphate ester with the production of an alcohol . 

 
 
 
 

 
 
 

Tissue Source 
 

The highest concentration of ALP are found in the: 
 

 intestine . 

 liver . 

 bone . 

 spleen . 

 placenta , 

 and kidney . 
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Diagnostic Significance : 
 

a. Elevation of ALP in biliary tract obstruction. 
 

b. Elevation of ALP in hepatocellular disorder such as hepatitis and 

cirrhosis . 

c. The highest of ALP activity occur in Pagets disease , other bone 

disorders include osteomalacia , rickets ,hyperparathyroidism . 

 

 
Reference Range of ALP 30- 90 U/L (30◦C). 

 
 
 

4. Acid Phosphatase : 

 Acid phosphatase (ACP) belongs to the group phosphatase 

enzymes as ALP and the major difference between them is the PH 

of the reaction . 

 ACP function at PH 5.0 
 
 
 
 
 

 
Tissue Source: 

 
ACP activity is found in the: 

 
 prostate , the prostate is the richest source . 
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 bone . 

 liver . 

 spleen . 

 kidney . 

 erythrocytes , and platelets . 
 

Diagnostic Significance 
 

a. ACP used in the detection of prostatic carcinoma . 
 

b. ACP activity elevated in bone disease , in Pagets disease and in breast 

cancer . 

c. ACP activity elevated in platelet damage . 
 

Reference Range of prostatic ACP 0 – 3.5 ng/mL 
 
 
 

5. Amylase 

 Amylase (AMS) is an enzyme belong to the class of hydrolases 

that catalyze the breakdown of starch and glycogen . 

 AMS attacks only α-1-4 glycosidic bonds to produce glucose , 

maltose and intermediate chains ,called dextrins . 
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Tissue Source 
 

 Pancreas and the salivary glands are the major tissue sources of 

AMS . 

  Lesser concentration are found in skeletal muscle and the small 

intestine . 

 AMS is the smallest enzyme with a molecular weight of 50,000 to 

55,000 . 

 because its small size , it is filtered by the renal glomerulus and 

also appears in the urine . 

 
 

Diagnostic Significance 
 

a. AMS measurements is in the diagnosis of acute pancreatitis . 
 

b. Elevated AMS level in salivary gland lesions such as mumps 
 

c. Elevation of AMS in renal insufficiency and diabetic ketoacidosis . 
 
 
 
 
 
 

Reference Range of AMS 25-130 U/h 
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Unit 5: Liver Function test 
 

 Classification the liver Function test. 

 Uses of Various testes collecting to evaluate the liver 

dysfunction. 

 
 

Assessment of Liver Function / Liver Function Test 

1- Bilirnbin : 
 

The reaction of bilirubin with a diazotized sulfanilic acid solution to form a 

colored product was first described by Ehrlich , two of the three fractions of 

bilirubin were identified: conjugated (direct ) and unconjugated (indirect) 

bilirubin . unconjugated (indirect) bilirubin is a nonpolar and water – insoluble 

substance that is found in plasma bound to albumin .because of these 

characteristics , unconjugated bilirubin will only react with the diazotized 

sulfanilic acid solution (diazo reagent) in the presence of an accelerator 

(solubilizer) .conjugated (direct) bilirubin is a polar and water-soluble compound 

that is found in plasma in the free state (not bound to any protein). This type of 

bilirubin will react with the diazotized sulfanilic acid solution directly (without an 

accelerator). 

The third fraction of bilirubin is referred to as "delta bilirubin is conjugated 

bilirubin that is convalently bound to albumin , this fraction of bilirubin is seen 

only when there is significant hepatic obstruction .because the molecule is 

attached , it is too large to be filtered by glomerulus and excreted in the urine . 

thus , total bilirubin is made up of three fraction : conjugated , unconjgated , and 

delta bilirubin . the three fractions together are known as total bilirubin . 

2- Uobilinogen in Urine and Faces : 

Urobilinogen is a colorless end product of bilirubin metabolism that is oxidized 

by intestinal bacteria to the brown pigment urobilin . In the normal individual , 

part of the urobilinogen is excreted in feces , and the remainder is reabsorbed  

into the portal blood and returned to the liver . A small portion that is not taken 

up by the hepatocytes is excreted by the kidney as urobilinogen .Increased level of 

urinary urobilinogen are found in hemolytic disease and in defective liver –cell 

function , such as that seen in hepatitis . 

Absence of urobilinogen from the urine and stool is most often seen with 

complete biliary obstruction . Fecal urobilinogen is also decreased in biliary 

obstruction . 
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Determination of Urine Urobilinogen : 
 

Urobilinogen reacts with p-dimethyl aminobenzaldehyde (Ehrlichs reagent) to 

form a red color , which is then measured spectrophotometricatty. Ascorbic acid is 

added as a reducing agent to maintain urobilinogen in the reduced state . the use 

of saturated sodium acetate stops the reaction and minimizes the combination of 

other chromogens with the Ehrlichs reagent . 

 

 
Specimen 

 
Afresh 2-hour urine specimen is collected . this specimen should be kept cool and 

protected from light . 

Reference Range: 
 

Urine urobilinogen , 0.1 -1.0 Ehrlich units every 2 hours or 0.5 – 4.0 Ehrlich units 

per day (0.86.8mmol/day ) ,1 Ehrlich unit is equivalent to approximately 1mg of 

urobilinogen. 

 

 
3- Serum Bile Acids : 

 
Serum bile acid analysis is rarely performed because the methods required are 

very complex . these involve extraction with organic solvents , partition 

chromatography , gas chromatography-mass spectroscopy , spectrophotometry 

,ultraviolet light absorption , fluorescence, radioimmunoassay, and enzyme 

immunoassay methods . 

The variability of the type of bile acids present in serum , together with their 

existence in different conjugated form , suggests that more relevant information 

of liver dysfunction may be gained by examining patterns of individual bile acids 

and their state of conjugation .for example, the ratio of the trihydroxy to 

dihydroxy bile acids in serum will differentiate patients with obstructive jaundice 

from those with hepatocellular injury and that the diagnosis of primary biliary 

cirrhosis and extrahepatic cholestasis . 

 

 
4- Enzymes: 

 
Liver enzymes play an important role in the assessment of liver function because 

injury to the liver resulting cytolysis or necrosis will cause the release of enzymes 

into circulation. 
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Although many enzymes have been identified as useful in the assessment of 

liver function , the most clinically useful include the aminotranferases (alanine 

aminotransferase (ALT)and aspartate aminotransferase (AST), the phosphatase 

alkaline phosphatase (ALP) . 

-Aminotransferases : 
 

The two common aminotransferases measured in the clinical laboratory are 

AST(formerty referred to as serum glutamic – oxaloactic transaminase (SGOT)and 

ALT (formerly referred to as serum glutamic – pyruvic transaminase (SGPT) .these 

enzymes are useful in the detection of hepatocellular (functional) damage to the 

liver . 

 

 
ALT is found mainly in the liver (lesser amount in skeletal muscle and kidney ), 

whereas AST is distributed in equal amount in the heart , skeletal muscle and liver 

. AST and ALT are found to be normal or only elevated in cases of obstructive liver 

damage . because AST and ALT are present in other tissues beside the liver , 

elevations in these enzymes may be a result of other organ dysfunction or failure 

such as acute myocardial infarction , renal infarction ,progressive musclar 

dystrophy and in secondary liver disease such as diabetic ketoacidosis , infection 

mononucleosis ,and hyperthyroidism . 

-Phosphatases: 
 

The clinical utility of ALP lies in its ability to differentiate hepatobiliary disease 

from osteogenic bond disease . In the liver , the enzyme is localized to the 

microvilli of the bile canaliculi , and therefore it serves as agreat marker of 

extrahepatic biliary obstruction , such as a stone in the common bile duct . 

 

 
ALP ,it may be elevated in bone-related disorders such as Pagets disease , bony 

metastases , diseases associated with an increase in osteoblastic activity , ALP is 

also found elevated in pregnancy due to its release from the placenta , where it 

may remain elevated up to several weeks post delivery . 

-Lactate Dehydrogenase : 
 

LDH is released into circulation when cells of the body are damaged or destroyed 

, moderate elevations of total serum LDH levels are common in acute viral 

hepatitis and in cirrhosis , whereas biliary tract disease may produce only slight 

elevations . High serum levels may be found in metastatic carcinoma of the liver . 

5- Test Measuring Hepatic Synthetic Ability: 
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The measurement of serum proteins can be used to assess the synthetic ability 

of the liver . 

A decreased serum albumin may be a result of decreased liver protein synthesis 

and the albumin level correlates well with the severity of functional impairment 

and  found  often  in  chronic  rather  than  in  acute  livel  disease  .  The  serum  &- 

globulins also tend to decrease with chronic liver disease . serum ð-globulin levels 

are increased in acute liver disease and remain elevated in chronic liver disease , 

IgG and IgM are more elevated in chronic hepatitis , IgM , in primary biliary 

cirrhosis , and IgA ,in alcoholic cirrhosis . 

 
 
 

 
Tests Measuring Nitrogen Metabolism : 

 
The liver plays a major role in removing ammonia from the bloodstream and 

converting it to urea so that it can be removed by the kidneys .In liver failure , 

ammonia and other toxins increase in the bloodstream and may cause hepatic 

coma . The cause of hepatic coma is not fully known , although ammonia is 

presumed to play a major role . however , the correlation between blood ammonia 

levels and the severity of the hepatic coma is poor . 

 

 
The most common laboratory determination of ammonia concentration is based 

on the following reaction : 

Glutamate Dehydrogenase 

2-Oxoglutarate + NH4
+4 + NADPH 

Glutamate + NADP+ + H2O 
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Unit 6: Renal function test 
 

 Function of Kidney. 

 Uses Various Functions tests that can be employed to assess 

 the renal function. 
 
 
 
 

Renal Function 
 

Kidney Functions : 
 

1- Urine formation 

2- Fluid and electrolyte balance 

3- Regulation of acid –base balance 

4- Excretion of the waste products of protein metabolism 

5- Excretion of drugs and toxins 

6- Secretion of hormones , Renin , Erythroprotein , 

1,25-Dihydroxy vitamin D3 , prostaglandins 

Renal Physiology : 
 

There are three basic renal processes : 
 

1- Glomerular filtration 

2- Tubular reabsorption 

3- Tubular secretion 

- Elimination of Non protein Nitrogen Compounds : 
 

Nonprotein nitrogen compounds (NPN) are waste products 

formed in the body as a result of the degradative metabolism of 

nucleic acids , amino acids , and proteins. Exretion of these 
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compounds is an important function of the kidneys . the three 

principal compounds are urea , creatinine , and uric acid . 

- Water , Electrolyte , and Acid – base Homeostasis : 
 

The kidney contribution to water balance in the body is through 

water loss or water conservation , which is regulated by the 

antidiuretic hormone ADH . ADH responds primarily to 

changes in osmolality and intravascular volume , increased 

plasma osmolality or decreased intravascular volume stimulates 

secretion of ADH from the posterior pituitary , ADH then 

increases the permeability of the distal convoluted tubules and 

collecting ducts to water , resulting in increased water 

reabsorption and excretion of more concentrated urine . 

- Acid – base Balance: 
 

Many nonvolatile acidic waste products are formed by normal body 

metabolism each day . carbonic acid, lactic acid , katoacids , and 

other must be continually transported in the plasma and excreted 

from the body , causing only minor alterations in physiologic PH . 

-1,25-Dihydroxy Vitamin D3: 
 

The kidneys are the sites of formation of the active form of vitamin 

D . This form of vitamin D is one of three hormones that determine 

phosphate and calcium balance and bone calcification in the human 

body .chronic renal insufficiency is associated with osteomalacia 

(inadequate bone calcification , the adult form of rickets ),owing to 

the continual distortion of normal vitamin D metabolism. 

Analytic Procedures : 
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Several tests are available that assess the various aspects of nephron 

function , including glomerular filtration and proximal and distal 

tubular secretion and reabsorption . 

-Clearance Measurements: 
 

All laboratory methods used for evaluation of renal function on the 

measurement of waste products in blood , usually urea and creatinine 

, which accumulate when the kidneys begin to fail . The rate at 

which creatinine and urea are removed or cleared from the blood 

into the urine is termed clearance . clearance is defined as that 

volume of plasma from which a measured amount of substance can 

be completely eliminated into the urine per unit of time expressed in 

milliliters per minute . measurement of clearance is used to estimate 

the rate of glomerular filtration . 

-Creatinine Clearance and Glomerular Filtration Rate : 
 

Calculation of ceatinine clearance has become the standard 

laboratory method to determine GFR. This value is derived by 

mathematically relating the serum creatinine concentration to the 

urine creatinine concentration excreted during a period of time , 

usually 24hours . The total volume of urine is carefully measured , 

and the creatinine clearance is calculated using the following formula 

: 

Ucr (mg/dl) * Vur (ml/24hour) 1.73 

    *    

Pcr(mg/dl) * 1440 minutes /24hours A 
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Where Ccr is creatinine clearance , Ucr is urine creatinine clearance , 

Vur is urine volume excreted in 24hours , Pcr is serum creatinine 

concentration , and 1.73/A is normalization factor for body surface 

area . 

-Estimated Glomerular Filtration Rate: 
 

The equation is used to predict GFR and is based on serum 

creatinine , age , body size ,gender , and race , without the need of a 

urine creatinine . 

(140-Age ) * Weight (kg) 
 

GFR(ml/min) =  * ( 0.85 if female) 
 

72 * Scr (mg/dl) 
 
 
 

-Physical Characteristics : 
 

- Specimen Collection : 
 

The importance of a properly collected and stored specimen for UA 

cannot be overemphasized . initial morning specimen are preferred , 

particularly for protein analyses , because they are more 

concentrated from overnight retention in the bladder . specimen 

should be obtained by a clean midstream catch or catheterization . 

the urine should be freshly collected into a clean , dry container with 

a tight – fitting cover . it must be analyzed within 1 hour of collection 

if held at room temperature or else refrigerated at 2 - 8◦c for not than 

8 hours before analysis . 

-Visual Appearance : 
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Color intensity of urine correlates with concentration :the darker the 

color the color , the more concentrated is the specimen . the various 

colors observed in urine are a result of different excreted pigments . 

yellow and amber are generally due to urochromes ( derivatives of 

urobilin , the end product bilirubin degradation ), whereas a 

yellowish –brown to green color is a result of bile pigment oxidation 

.Red and brown after standing are due to porphyrins , whereas 

reddish –brown in fresh specimens coms from hemoglobin or red 

cells.drugs and some foods , such as beets , also may alter urine 

color. 

-Turbidity : 
 

Turbidity may be due to gross bacteriuria , whereas a smoky 

appearance is seen in hematuria . threadlike cloudiness is observed 

when the specimen is full of mucus .in alkaline urine , suspended 

precipitates of amorphous phosphates and carbonates may be 

responsible for turbidity , whereas in acidic urine , amorphous urates 

may be the cause . 


