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Parasittology 

 Parasitology is the science which deals with the study of parasites, their 
hosts, and the relationship between them. One of the largest fields in 
parasitology, medical parasitology is the subject which deals with the 
parasites that infect man, the diseases caused by them, clinical picture 
and the response generated by man against them. It's also concerned with 
the various methods of their diagnosis, treatment and finally their 
prevention & control.  

 A parasite is defined as an organisms that lives on or within another 
organism called the host , derives sustenance from it and is pathogenic to 
the host.  

Parasites divided into two major taxonomic groups 

1. Protozoa  
2. Helimenths. 

Parasitic Protozoa 

 Protozoa are eukaryotic, single-celled microorganisms with specialized 

organells that enable the animals to purchase all its functions as 

multicellular animals metazoan do with the aid of their organs. .  

 More than 50,000 species have been described, most species are free-

living organisms; protozoa are found in almost every possible habitat.  

 Protozoa about 1–150 µm in size. The smallest (mainly intracellular 

forms) are 1 to 10 µm long, but Balantidium coli may measure 150 µm.  

 All higher animals are infected with one or more species of protozoa. 

Infections range from asymptomatic to life threatening, depending on the 

species and strain of the parasite and the resistance of the host.    

 Virtually all humans have protozoa living in or on their body at some time, 

and many persons are infected with one or more species throughout  

their life. Some species are considered commensals, whereas others are 

pathogens and usually produce disease. 

http://en.wikipedia.org/wiki/Parasite
http://en.wikipedia.org/wiki/Host_(biology)
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Intestinal Protozoa: Amebas  

Amebas are unicellular organisms common in the environment: many are 
parasites of vertebrates and invertebrates.  

General Characteristics of Amoebas 

1. Amoebas are the most primitive of the protozoa. 

2. Relatively few species inhabit the human intestine and produce human 
diseases, such as.  

1. Entamoeba histolytica that live in alimentary canal and able to invade 
tissues. 

 Entamoeba coli, Entamoeba gingivalis, Entamoeba nana, Iodamoeba 
butschlii, and Dientamoeba fragilis which unable to invade tissues, but 
dwell in the canal lumen and are obligate parasites of GIT. 

 Naegleria fowleri that infects human brain while swimming in contaminated 
waters.  

3. Move by cytoplasmic organells called pseudopodia. 

4. Amoebas cysts surrounded by a chitinous and may survive for prolonged 

periods ( for at least 12 days) under conditions that would rapidly destroy the 

motile trophozoite. 
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1-Entamoeba histolytica  
 

The Morphology and physiological properties of E. histolytica are: 
 

1. The trophozoites are microaerophilic dwell in the lumen or wall of the 
colon. 
 

2. Feed on bacteria and tissue cells. 
 

3. Entamoeba histolytica is the most causative agent of the worldwide 
occurring amoebiasis, a disease particularly prevalent in warmer 
countries. The infection is transmitted from one human to another by: 

 Contaminated food and water with infective stage (mature cysts). 

 Carrier (Asymptomatic cyst passers), especially those working in 
food handling and processing.                     

 
Life cycle  

 
 

The E. histolytica life-cycle is relatively simple and consists of an infective cyst 
and an invasive trophozoite form.  

 
 

 The trophozoite of E. histolytica is 10–60 μm in diameter, granular, 
vacuolated endoplasm, clear ectoplasm with finger like pseudopods, and 
containing a single nucleus with a central karyosome.  
 

 The cyst of E. histolytica contains a single nucleous, a glycogen vacuole, 
and one or more large, cigar-shape ribosomal clusters known as 
chromatoid bars or bodies. The mature cyst is 10–15 μm in diameter and 
contains four or fewer nuclei. The quadrinucleate cyst that is excreted with 
feces. 

           

 Following oral ingestion of E. histolytica cyst,  excystation of the cyst 

occurs in the intestine where the cyst undergoes nuclear and cytoplasmic 

division to form eight uninucleate trophozoites. The trophozoites can then 

colonize or invade the large intestine mucosa or lumen, and penetrate into 

the intestinal wall and invade the liver and other organs hematogenously 

to produce clinical forms of amoebiasis, as shown in figure 2. 
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                   Figure 2 : The life cycle of  E. histolytica 
 
 
 
 
 
 
 
 

http://upload.wikimedia.org/wikipedia/commons/a/a1/Entamoeba_histolytica_life_cycle-en.svg
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. 

 
 

2. Entamoeba coli 
 

1. Entamoeba coli is a non-pathogenic species of Entamoeba. 

 

2. The life-cycle of E. coli is identical to that of E. histolytica, and the two 

organisms are found concurrently in 10– 30% of patients in an endemic 

area. 

3. Cysts of E. coli are  rounded, 10 - 35 μm in diameter  with 1 -  8 nuclei. 

Whereas E. histolytica cysts usually have fewer than five nuclei and are 

10–15 μm in diameter. 

 

4. Trophpozoits of E. coli are less active than E. histolytica trophpzoites with 

short, wide pseudopodia, and 15 - 50 μm in diameter, ectoplasm is not 

differerntiated from endoplasm. Karyosome is slightly large eccentric.  

 

 
                                 Figure 3: Entamoeba coli                      

http://en.wikipedia.org/wiki/Entamoeba
http://upload.wikimedia.org/wikipedia/commons/e/e4/Entamoeba_coli_01.jpg
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Helminthes 
  

Helminths (worm), which are metazoan, are larger, multicellular 
organisms, normally visible to the naked eye in their adult form. They reproduce 
sexually, usually within the host, and have pre-adult stages (ova, larvae) which 
live externally or in other hosts.  

    
Morphology and Classification of Helminths 

  
1. Worms are elongated, bilaterally symmetric organisms that vary in length 

from less than 1 mm to a meter or more. 
2. The body wall is covered with a tough a cellular cuticle, which may be 

smooth or possess ridges, spines, and tubercles. 
3. At the anterior end there are often suckers, hooks, teeth, or plates used for 

the purpose of attachment. 
4. Some have alimentary tracts, none possess a circulatory system. 

 
  

The common helminthic parasites of humans can be placed in one of three 
classes: 

 
1. Trematoda (Flukes) 

2. Cestodes (Tapeworms) 

3. Nematoda (roundworms). 

 
 

Trematoda (Flukes) 
 

General characteristics of Trematodes 
 

1. Trematodes, often have flat, leaf shaped bodies ranging in length from few 
millimeters to 8 cm.  

2. Two suckers, one serve as attachment organs: an oral sucker, and the 
other a ventral sucker.  

3. Particulate waste is regurgitated through the mouth. 
4. The body surface of adult trematodes is covered by a cellular tegument 

through which substances can be absorbed from the environment. 
5. Most species are hermaphroditic, only the schistosomes have separate 

sexes.  
6. Snails are the first intermediate hosts; some species require arthropods or 

fish as second intermediate hosts. 
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 Figure 1: Structure of flukes.  A- Hermaphroditic fluke    B- Bisexual fluke 
 

 
Schistosoma (Blood Flukes) 

 
The General Characteristics of Schistosomes 

 
 

1. Schistosomes are elongated and cylindrical, perhaps as an adaptation to 
living in vascular channels. They have oral and ventral suckers. 

 
2. They differ from other trematodes in that they have separate sexes.  

 

3. The adult schistosomes live as worm pairs (male and female) within the 
human vasculature. 

  
4. They require definitive and intermediate hosts (freshwater snails) to 

complete their life cycle. 
 

5. The schistosomes differ from other trematodes in that infection is acquired 
by penetration of cercaria through the skin. It is the eggs and not the adult 
worms which are responsible for the pathology associated infections. 

   
6. The most important sources of energy for the parasites are carbohydrates 

and incompletely degraded organic acids, such as lactic, acetic and 
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propionic acids. Adult schistosomes also digest red blood cells, which they 
break down using a unique hemoglobinase.  
 

 
 

 
 

Figure 2: The threadlike female is enclosed in a groove in the body of the 
male. 

 
 

Schistosomosis  
 

 Human schistosomiasis is caused by five species of schistosomes: S. 
japonicum S. mansoni S. haematobium S. intercalatum S. mekongi 
each with its own unique epidemiology and geographic range. 
Schistosoma haematobium causes urinary schistosomosis; S. 
mansoni, S. japonicum, S. intercalatum, and S. mekongi are the 
causative agents of intestinal schistosomosis and other forms of the 
disease.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 



 

40 

 

 اكرب انورشيالن أ.م.د. 

 منى امحد عبد اهللم.م. 

كلية  –جامعة تكريت 

 طب االسنان

Life cycle of Schistosoma 
 

 
Sexually mature Schistosoma females lay within small veins about 100–3500 
eggs a day, depending on the species, each containing an immature miracidium 
(ciliate larva), which matures in the host within six to 10 days and remains viable 
for about three weeks (Figure. 4). 

 
Some penetrate through the vascular wall and surrounding tissue to reach the 
lumen of the urinary bladder or intestine.. The eggs are shed by the definitive 
host in stool or urine within a few weeks post infection. If the eggs are deposited 
into freshwater, the miracidia hatch from the eggshell and begin their search for a 
suitable intermediate host (Figure. 4). 

 
Various genera and species of freshwater snails serve as intermediate hosts in 
which the invading miracidia reproduce asexually, producing  sporocysts, and 
finally numerous cercariae, which begin to swarm into the water three to six 
weeks post infection at the earliest. 

 
The cercariae swim freely about or cling to the surface of the water. Upon contact 
with a human host, enzyme secretion and vigorous movements enable them to 
penetrate the skin within a few minutes, or less frequently the mucosa when 
ingested with drinking water. During the infection process, the cercaria loses its 
tail, sheds the surface glycocalyx, forms a new tegument, and transforms into the 
schistosomulum. 
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                      Figure 4: The life-cycle of schistosomes. 
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stodes (Tapeworms)Ce 
  

The General Characteristics of Cestodes  

1. The cestodes or tapeworms found in humans, all have a flat, ribbon-
shaped body. They inhabit the small intestine and are attached to the 
mucosa by means of a scolex. 

2. The head, or scolex , has suckers for attaching to the intestinal mucosa of 
the definitive host.  

3. The body consists of a chain of segments or proglottids. Each mature 
proglottid contains both male and female reproductive organs. 

4. Tapeworms lack a digestive system. To obtain nutrients from the small 
intestine, they absorb food through their cuticle.   

5. These cestode species are hermaphrodites. 
6. The life cycle of tapeworms involves both an intermediate and definitive 

host.  
7. The tapeworms which affect man are Taenia species, Diphyllobothrium 

latum , Hymenolepis nana , Hymenolepis diminuta  and  
Echinococcus granulosus.   

8. Humans can also be infected by larval stages of various tapeworm 
species (cysticerci or, metacestodes).  

 

 

 

http://www.btinternet.com/~ukneqas.parasitologyscheme/Faecal_Scheme/Teaching_Information/Helminths/Cestodes/Taenia_species/taenia_species.html
http://www.btinternet.com/~ukneqas.parasitologyscheme/Faecal_Scheme/Teaching_Information/Helminths/Cestodes/Diphyllobothrium_latum/diphyllobothrium_latum.html
http://www.btinternet.com/~ukneqas.parasitologyscheme/Faecal_Scheme/Teaching_Information/Helminths/Cestodes/Diphyllobothrium_latum/diphyllobothrium_latum.html
http://www.btinternet.com/~ukneqas.parasitologyscheme/Faecal_Scheme/Teaching_Information/Helminths/Cestodes/Hymenolepis_nana/hymenolepis_nana.html
http://www.btinternet.com/~ukneqas.parasitologyscheme/Faecal_Scheme/Teaching_Information/Helminths/Cestodes/Hymnenolepis_diminuta/hymnenolepis_diminuta.html
http://www.btinternet.com/~ukneqas.parasitologyscheme/Faecal_Scheme/Teaching_Information/Helminths/Cestodes/Echinococcus_granulosus/echinococcus_granulosus.html
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                        Figure 5: Structure of tapeworms. 
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Taenia saginata (Beef Tapeworm) 
 

 Taenia species is causative agents of taeniosis and cysticercosis. 
 

 Taeniosis is a small intestine infection of humans caused by Taenia 
species. In the case of T. saginata, the intermediate hosts are cattle, in 
the musculature of which metacestodes (cysticerci) develop and can be 
ingested by humans who eat raw beef. 

 

 T. saginata grows as long as 10 m and has a scolex with four suckers but 
a rostellum and hooks are lacking. 

 

 The proglottids at the posterior end of the chain are longer than wide and 
each contains a treelike branched uterus containing 80 000–100 000 eggs 
(gravid segments). The eggs are small (diameter approx. 30–40 µm) and 
round.  
 

 

             Figure 2: Taenia saginata proglottid stained to show uterine 

branches. 

 

 

 

 

 

 

http://en.wikipedia.org/wiki/Proglottid
http://upload.wikimedia.org/wikipedia/commons/9/95/Taenia_saginataD.JPG
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The Life Cycle of T. saginata  

.   

 

 
                 

                  Figure 3: The Life Cycle of T. saginata. 

 
Pathogenesis and Clinical Manifestation 

 
 In some infected persons, T. saginata causes morphological changes 

(villus deformation, enterocyte proliferation, cellular mucosal infiltration) 
and functional disturbances. Blood eosinophilia may occur sometimes.  
 

 Symptoms of infection include nausea, vomiting, upper abdominal pains, 
diarrhea or constipation and increased or decreased appetite.  
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.  

Nematodes (Round Worms) 
 

The General Characteristics of Round Worms 
 

 
1. The nematodes are threadlike, non segmented parasites, a few mm to 1m 

in length live in salt water, fresh water and the soil. Many of them are 
harmful to man as they are parasites. 
 

2. They are cylindrical in structure and taper towards their anterior and 
posterior ends.  

 
3. They possess a complex tegument and a digestive tract. The body wall is 

composed of an outer cuticle that has a noncellular, chemically complex 
structure, a thin hypodermis, and musculature. 
 

4.  They are bilaterally symmetrical. 
 

5. Have a tubular alimentary tract that extends from the mouth of the anterior 
end to the anus at the posterior end. 

 
6. The sexes are separate in most species, a few are hermaphrodite. The 

males are usually smaller than the females. 
 

7. These worms divided into those that dwell within the gastrointestinal tract 
and those that parasite that blood and tissue of humans. Those in the 
gastrointestinal tract generally do not require intermediate hosts. 

 
8. Nematode parasites of domestic animals vary greatly in size ranging from 

small hair-like worms (up to 2 cm long) in the Super family 
Trichostrongyloidea to large, robust worms (up to 40 cm long) in the 
Super family Ascaridoidea. 

                                    
 
 

 
Ascaris lumbricoides (Large Roundworm) 

 
 Ascaris lumbricoides - Causative agent of ascariosis. This infection is 

caused by the large roundworm of humans Ascaris lumbricoides. A. 
lumbricoides can also infect domestic and wild pigs, apes, etc. 
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 The human large roundworm occurs worldwide. The number of infected 
persons is estimated at 1.38 billion (WHO, 1998). The main endemic 
regions include countries in Southeast Asia, Africa, and Latin America.  

 Female worms reach a length of about 20-35 cm, males of 15-30 cm. 
Males can be distinguished by the coiled posterior end.  
  

                     
 

                                Figure 5: Male and female Ascaris. 

 

 
Life Cycle of Ascaris lumbricoides 

 
The adult ascarids living in the small intestine (ascaris: worm) are 15–40 cm in 
length. The sexually mature females produce as many as 200 000 eggs per day, 
which are shed with feces. At optimum temperatures of 20–25 C with sufficient 
moisture and oxygen, an infective larva in the egg develops within about three to 
six weeks. 

 
Human infections result from peroral ingestion of eggs containing larvae, which 
hatch in the upper small intestine and penetrate into the veins of the intestinal 
wall. They first migrate hematogenously into the liver, and then into the lungs, 
where they leave the capillary network and migrate into the alveoli. Via 
tracheopharyngeal (the bronchus and trachea) migration they finally reach the 

digestive tract, where they further differentiate into adults in the small intestine.  
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              Figure 6: Life cycle of Ascaris lumbricoides.  
 

 

 

 

 

 

 

 

 

 

 

http://knol.google.com/k/-/-/xk923bc3gp4/s2szqg/ascaris-life-cycle.jpg
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Laboratory and Differential Diagnosis 

 

Differentiation of amebic colitis from other enteric diseases is a 

major diagnostic challenge encountered by infectious disease. Methods 

for diagnosis include: 

1- microscopy 

2-  stool culture 

3-  antigen detection 

4-  Serology  

5-  molecular probes, such as polymerase chain reaction (PCR) 

assay). 

 When stool antigen testing identifies E dispar, no treatment is 

needed. Unfortunately, in most areas where amebiasis is endemic, limited 

facilities and lack of advanced medical technology limit the diagnostic 

approach.  

 

Microscopy. Microscopic identification remains the most common 

routine means of diagnosis used in areas where amebiasis is endemic. 

However, it is both insensitive and nonspecific (E histolytica cannot be 

distinguished from E dispar morphologically). Motile trophozoites with 

engulfed red blood cells in fresh stools, pus from liver abscesses or 

colonic biopsy samples are not sensitive findings for the identification of 

E. histolytica.  

 

Culture. This approach requires the inoculation of portions of stool or 

liver abscess fluid into sterile culture media. This can then be incubated at 

37°C and examined for growth of amebic trophozoites, which, if present, 

can be seen on the walls of test tubes. The major disadvantage is that 

none of the existing culture methods are selective for E histolytica, and 

therefore they are not suitable or reliable for routine diagnosis. 
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Antigen Detection. Several different enzyme-linked immunosorbent 

assays (ELISAs) for antigen detection in specimens have been developed 

to serve as adjuncts to microscopy Patients who present with dysentery 

and are at risk for acquiring amebic infection should initially be screened 

with a combination E histolytica ELISA test , bacterial stool culture, and 

tests for bacterial toxins 

 

 

Serology. Serologic tests may be useful, since more than 80% of patients 

and about 90% of persons recovering from amebiasis have detectable 

serum antibodies. A negative serologic test result makes infection less 

likely, while a positive result may confirm the presence of an acute 

infection, particularly in patients from the developing world. Persons 

from developing countries may remain seropositive for years, with high 

antibody titers. Thus, serodiagnosis in areas where amebiasis is endemic 

is limited use, since 10% to 30% of residents of such areas may have 

antibodies to E. histolytica.
 

  

 

Molecular Diagnosis. (polymerase chain reaction) PCR assays are 

powerful, highly sensitive, and useful for the differentiation of E 

histolytica and E dispar and for genetic typing of isolates. However , this 

method is time-consuming and expensive and requires special skills and 

practical experience; hence, it is not yet practical for clinical diagnosis in 

regions of endemic amebiasis that have limited resources. 

 

Other Diagnostic Approaches. Colonoscopy may be used for the 

diagnosis of amebic colitis. Colonoscopy is preferable because the 

infection may be focal and localized in the cecum or ascending colon . 

Biopsy specimens or aspirated materials could be examined by 

microscopy for motile trophozoites. 
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Cell biology 

 

Cell biology is the study of cell structure and function, and it 

revolves around the concept that the cell is the fundamental unit of life.  

cell biology focuses on the structure and function of a cell, from the most 

general properties shared by all cells, to the unique, highly intricate 

functions particular to specialized cells. 

 

The cell is the basic structural and functional unit of life because it 

is the smallest units of living material capable of carrying on all the 

activities necessary for life. The cell is as complete metabolic unit, 

because it has all of the chemical and physical components needed for its 

own maintenance and growth. 

 

The Cell Theory  

 

The cell theory is one of the broadest and most basic 

generalizations of biology. This theory state that : 

 

1- All living things are composed of cells and products. 

2-New living things are formed only by the division of preexisting cells. 

3-There are fundamental similarities in the chemical and metabolic 

activities of all cells. 

4-The activity of an organism as a whole can be understood as the 

collective activities and interactions of its interdependent cellular units. 

 

Genera characteristics of cells 

 

1-The cells of plants and animals present a bewildering variety of sizes, 

shapes, colors, and internal structures, but all have certain features in 

common. 

2-Each cell consists of a tiny bit of jelly like material surrounded by  

  a cell membrane. 

3-Most cells contain a nucleus and other internal structures referred to as 

organelles that perform specific functions. 

4-Most cells are microscopic in size. An average animal cells measures 

about 15Mm in diameter; an average plant cell about 40 Mm. 

5-The largest cells are birds eggs, most of the egg cell consists of yolk, 

which is necessary for the nourishment of the developing bird but not part 

of the functioning structure of the cell. The smallest cells known, those of 

certain microorganisms, are less than 0.3 Mm in diameter. 

6-The size and shape of a cell are related to the specific functions it must 

perform. Some cells like the amoeba and white blood cell , have the 
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ability to change shape as they move about. Epithelial cells, which are 

specialized to cover body surfaces, like tiny building blocks.    

    

 

Inside the cell 

The cell interior consisted of a homogeneous jelly that they called 

protoplasm. The portion of the cell outside the nucleus is called 

cytoplasm, and the material within the nucleus is called nucleoplasm. 

The intracellular fluid, called cytosol, consists mainly of water, in which 

are dissolved amino acids, sugars, and other substances needed to 

manufacture large molecules. Also present are structural proteins, 

enzymes used in cellular metabolism. 

Most of the subcellular organelles are enclosed by membranes . 

These membrane- bound organelles effectively partition the cytoplasm 

into different compartments. 

  

Cell structures and functions 

Nucleus 

One or more per cell, Spherical shape, Denser than surrounding 

cytoplasm 

  

1- Chromosomes- 

 Usually in the form of chromatin, Contains genetic information, 

Composed of  DNA, Thicken for cellular division, Set number per 

species (i.e. 23 pairs for human) 

2-Nuclear membrane 

Surrounds nucleus, Composed of two layers, Numerous openings for 

nuclear traffic 

3-Nucleolus 

Spherical shape, Visible when cell is not dividing, Contains RNA for 

protein manufacture 

 

Cytoplasm 

Collective term for cytosol and organelles contained within, Colloidal 

suspension, Cytosol mainly composed of water with free-floating 

molecules, Viscosity constantly changes. 

 

1-Centrioles 

Paired cylindrical organelles near nucleus, Composed of nine tubes, each 

with three tubules, Involved in cellular division, Lie at right angles to 

each other 
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2-Chloroplasts 

A plastid usually found in plant cells, Contain green chlorophyll where 

photosynthesis takes place 

3-Cytoskeleton 

Composed of microtubules, Supports cell and provides shape, aids 

movement of materials in and out of cells. 

4-Endoplasmic reticulum 
Tubular network fused to nuclear membrane, Goes through cytoplasm 

onto cell membrane, Stores, separates, and serves as cell's transport 

system, Smooth type: lacks ribosomes, Rough type : ribosomes 

embedded in surface. 

5-Golgi apparatus 

Protein packaging, A membrane structure found near nucleus, Composed 

of numerous layers forming a sac. 

6-Lysosome 

Digestive 'plant' for proteins, lipids, and carbohydrates, Transports 

undigested material to cell membrane for removal, Vary in shape 

depending on process being carried out, Cell breaks down if lysosome 

explodes. 

7-Mitochondria 

Second largest organelle with unique genetic structure, Double-layered 

outer membrane with inner folds called cristae, Energy-producing 

chemical reactions take place on cristae ,Controls level of water and other 

materials in cell, Recycles and decomposes proteins, fats, and 

carbohydrates, and forms urea. 

8-Ribosomes 

Each cell contains thousands, Miniature 'protein factories', Composes 

25% of cell's mass, Stationary type: embedded in rough endoplasmic 

reticulum, Mobile type: injects proteins directly into cytoplasm. 

9-Vacuoles 

Membrane-bound sacs for storage, digestion, and waste removal, 

Contains water solution, Contractile vacuoles for water removal (in 

unicellular organisms) 

 

Surface 

1-Cell wall 

Most commonly found in plant cells, Controls turgid, Extracellular 

structure surrounding plasma membrane, Primary cell wall: extremely 

elastic, Secondary cell wall: forms around primary cell wall after growth 

is complete. 

2-Plasma membrane: Outer membrane of cell that controls cellular 

traffic, Contains proteins  that span through the membrane and allow 

passage of materials, Proteins are surrounded by a phospholipid bi-layer. 
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Biologically Important Molecules  

Inorganic component 

1- Water 

2- Acids and Bases 

3- Salts 

 

 

Water 

A large part of the mass of most organisms is simply water. In 

human tissues the percentage of water ranges from 20% in bones to 85% 

in brain cell . The water content in greater in embryonic and young cells 

and decrease as aging occurs. 

About 70% of our total body weight is water; as much as 95% of a 

jellyfish or certain plants is water. The physical and chemical properties 

of water have permitted living things to appear, to survive, and to evolve 

on this planet. 

Water will dissolve many different kinds and great quantities of 

compounds. Because of its solvent properties and the tendency of the 

atoms in certain compounds to form ions when in solution, water plays an 

important role in facilitating chemical reactions. Water itself is a reactant 

or product in many chemical reactions that occur in living tissue. 

Water is also the source, through plant metabolism, of the oxygen 

in the air we breathe, and its hydrogen atoms are incorporated into the 

many organic compounds  in the bodies of living things. Water is also an 

important lubricant. It is present in joints where one bone moves on 

another.      

 

Acids and Bases  

An acid is a substance that dissociates to yield hydrogen ions (H) 

and anion. 

Acid             H+ Anion 

 An acid is a proton donor. A base is defined as a proton acceptor. 

Most bases are substance that dissociate to yield a hydroxide (OH) and a 

cation when dissolved in water. 

Base              OH + Cation 

 



 

56 

 

 اكرب انورشيالن أ.م.د. 

 منى امحد عبد اهللم.م. 

كلية  –جامعة تكريت 

 طب االسنان

Hydrochloric acid (HCl) and sulfuric acid (H2so4) are inorganic 

acids. Lactic acid from sour milk and acetic acid from vinegar are two 

common organic acids. Sodium hydroxide (NaOH) and ammonium 

hydroxide  are inorganic bases. Purine and pyrimidine organic bases that 

are components of nucleic acids. 

Acid and bases dissociate when in water, releasing H ions and OH 

ions, respectively. When the concentration of hydrogen ions in the 

solution is greater than (10
-7

M) the solution is acidic. When the 

concentration of hydrogen ions in the solution is less than (10
-7

M) the 

solution is basic, or alkaline. The contents of most animal and plant cells 

are neither strongly acid nor alkaline but are an essentially neutral 

mixture of acidic and basic substances. 

A buffer is a substance or combination of substance that resist 

changes in PH when acid or base are added. The buffer either accepts or 

donates hydrogen ions. A buffer consists of a weak acid and its conjugate 

base, or weak base and its conjugate acid. One of the most common 

buffering systems, and one that is important in human blood, is carbonic 

acid and the bicarbonate ion. Bicarbonate ions are formed in the body as 

follows: 

Co2  +  H2O              H2CO3             H  +  HCO3 

When excess hydrogen ions are present in blood or other body 

fluid, bicarbonate ions combine with them to form carbonic acid, a weak 

acid. 

H   +  HCO3               H2CO3 

The carbonic acid is unstable and quickly breaks down into carbon 

dioxide and water. Buffers also work to maintain PH when hydroxide 

ions are added. A buffer may release hydrogen ions, which combine with 

the hydroxide ions to form water. 

OH   +  H2Co3            HCo3  +  H2O 
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Salts 

When an acid and abase are mixed together, the H of the acid unites with 

the OH of the base to form a molecule of water. The remainder of the 

acid (anion) combines with remainder of the base (cation) to form a salts. 

HCl acid reacts with sodium hydroxide to form water and sodium 

chloride. 

HCl   +  NaOH _________ H2O  +  NaOH 

Cells and extracellular fluid (such as blood) of plant and animal 

contain a variety of dissolved salts, which include many important 

mineral ions. Such ions are essential for fluid balance, acid base balance, 

and , in animals, nerve and muscle function, blood clotting, bone 

formation, and many other aspects of body function. Sodium, Potassium, 

Calcium, and Magnesium are the chief cation present, and chlorides 

bicarbonate ( HCO3), phosphate (PO4), and sulphate (SO4) are important 

anions. The total concentration of salt in the body fluid of most 

invertebrate, about 3.4% but the vertebrate, have less than 1 % salt in 

their body fluids. 

Although the concentration of salts in cells and body fluids of plant 

and animals is small, this amount is of great importance for normal cell 

function.          
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Organic component 

 

Carbohydrates 

A carbohydrate is an organic compound that consists only of 

carbon, hydrogen, and oxygen, usually with a hydrogen: oxygen atom 

ratio of 2:1 (as in water); in other words, with the empirical formula 

Cn(H2O)n. 

   The carbohydrates (saccharides) are divided into four chemical 

groupings: monosaccharides, disaccharides, oligosaccharides, and 

polysaccharides. In general, the monosaccharides and disaccharides, 

which are smaller (lower molecular weight) carbohydrates, are commonly 

referred to as sugars. 

Carbohydrates perform numerous roles in living organisms. 

Polysaccharides serve for the storage of energy (e.g., starch and 

glycogen), and as structural components (e.g., cellulose in plants and 

chitin in arthropods). The 5-carbon monosaccharide ribose is an 

important component of coenzymes (e.g., ATP, FAD, and NAD) and the 

backbone of the genetic molecule known as RNA. The related 

deoxyribose is a component of DNA. Saccharides and their derivatives 

include many other important biomolecules that play key roles in the 

immune system, fertilization, preventing pathogenesis, blood clotting, 

and development. 

 

1-Monosaccharides 

 Carbohydrates are made up of building blocks called 

monosaccharides, the simplest type of carbohydrate. Found in grapes and 

other fruits and also in honey, they can be broken down chemically into 

their elements, but there is no carbohydrate more chemically simple than 

a monosaccharide. 

Examples of simple sugars include glucose, which is sweet, 

colorless, and water-soluble and appears widely in nature. Glucose, also 

known as dextrose, grape sugar, and corn sugar, is the principal form in 

which carbohydrates are assimilated, or taken in, by animals. Other 

monosaccharides include fructose, or fruit sugar, and galactose, which is 

less soluble and sweet than glucose and usually appears in combination 

with other simple sugars rather than by itself. Glucose, fructose, and 

galactose are isomers, meaning that they have the same chemical formula 
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(C6H12O6), but different chemical structures and therefore different 

chemical properties. 

2-Disaccharides 

When two monosaccharide molecules chemically bond with each 

other, the result is one of three general types of complex sugar: a 

disaccharide, oligosaccharide, or polysaccharide. Disaccharides, or 

double sugars, are composed of two monosaccharides. The most example 

of a disaccharide is sucrose, or table sugar, which is formed from the 

bonding of a glucose molecule with a molecule of fructose. Sugar beets 

and cane sugar provide the principal natural sources of sucrose. 

Another disaccharide is lactose, or milk sugar, the only type of 

sugar that is produced from animal (i.e., mammal) rather than vegetable 

sources. Maltose, a fermentable sugar typically formed from starch by the 

action of the enzyme amylase, is also a disaccharide. Sucrose, lactose, 

and maltose are all isomers, with the formula( C12H22O11). 

 

3-Oligosaccharides and Polysaccharides 

 An oligosaccharide is sometimes defined as a carbohydrate 

containing a known, small number of monosaccharide units, while a 

polysaccharide is a carbohydrate composed of two or more 

monosaccharides. In theory, this means practically the same thing, but in 

practice, an oligosaccharide contains 3-6 monosaccharide units, whereas 

a polysaccharide is composed of more than six. 

Oligosaccharides are found rarely in nature, though a few plant 

forms have been discovered. Far more common are polysaccharides, 

which account for the vast majority of carbohydrate types found in 

nature. Polysaccharides may be very large, consisting of as many as 

10,000 monosaccharide units strung together. Given this vast range of 

sizes, it should not be surprising that there are hundreds of polysaccharide 

types, which differ from one another in terms of size, complexity, and 

chemical makeup. Cellulose itself is a polysaccharide, composed of 

numerous glucose units joined to one another. Starch and glycogen are 

also glucose polysaccharides. The first of these polysaccharides is found 

primarily in the stems, roots, and seeds of plants. As for glycogen, this is 

the most common form in which carbohydrates are stored in animal 

tissues, particularly muscle and liver tissues. 
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Proteins 

Proteins are very important molecules in cells. Proteins are the 

major component of the dry weight of cells. They can be used for a 

variety of functions from cellular support to cellular locomotion. While 

proteins have many diverse functions, all are typically constructed from 

one set of 20 amino acids and have distinct three-dimensional shapes. 

Below is a list of several types of proteins and their functions. 

 

Protein Functions 

 

1-Antibodies - are specialized proteins involved in defending the body 

from antigens (foreign invaders). They can travel through the blood 

stream and are utilized by the immune system to identify and defend 

against bacteria, viruses, and other foreign intruders. One way antibodies 

counteract antigens is by immobilizing them so that they can be destroyed 

by white blood cells . 

 

2-Contractile Proteins - are responsible for movement. Examples 

include actin and myosin. These proteins are involved in muscle 

contraction and movement . 

 

3-Enzymes - are proteins that facilitate biochemical reactions. They are 

often referred to as catalysts because they speed up chemical reactions. 

Examples include the enzymes lactase and pepsin. Lactase breaks down 

the sugar lactose found in milk. Pepsin is a digestive enzyme that works 

in the stomach to break down proteins in food . 

   

4-Hormonal Proteins - are messenger proteins which help to coordinate 

certain bodily activities. Examples include insulin, and somatotropin. 

Insulin regulates glucose metabolism by controlling the blood-sugar 

concentration. Somatotropin is a growth hormone that stimulates protein 

production in muscle cells . 

 

5-Structural Proteins - are fibrous and stringy and provide support. 

Examples include keratin, collagen, and elastin. Keratins strengthen 

protective coverings such as hair, quills, horns, and beaks. Collagens and 
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elastin provide support for connective tissues such as tendons and 

ligaments. 

 

6-Storage Proteins - store amino acids. Examples include ovalbumin and 

casein. Ovalbumin is found in egg whites and casein is a milk-based 

protein. 

 

7-Transport Proteins - are carrier proteins which move molecules from 

one place to another around the body. Examples include hemoglobin and 

cytochromes. Hemoglobin transports oxygen through the blood. 

Cytochromes operate in the electron transport chain as electron carrier 

proteins. 

 

Amino Acids 

 

Most amino acids have the following structural properties : 

 

A carbon (the alpha carbon) bonded to four different groups: 

1-A hydrogen atom (H) 

2-A Carboxyl group (-COO) 

3-An Amino group (-NH2) 

4-A "variable" group 

Of the 20 amino acids that typically make up proteins, the 

"variable" group determines the differences among the amino acids. All 

amino acids have the hydrogen atom, carboxyl group and amino group 

bonds. 

 

Protein Structure 

There are two general classes of protein molecules: globular 

proteins and fibrous proteins. Globular proteins are generally compact, 

soluble, and spherical in shape. Fibrous proteins are typically elongated 

and insoluble. Globular and fibrous proteins may exhibit one or more of 

four types of protein structure. The four structure types are primary, 

secondary, tertiary, and quaternary structure. A protein's structure 

determines its function. For instance, structural proteins such as collagen 

and keratin are fibrous and stringy. Globular proteins like hemoglobin, on 

the other hand, are folded and compact. Hemoglobin, found in red blood 
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cells, is an iron containing protein that binds oxygen molecules. Its 

compact structure is ideal for traveling through narrow blood vessels. 

 

Protein Synthesis 

Proteins are synthesized in the body through a process called 

translation. Translation occurs in the cytoplasm and involves the 

rendering of genetic codes that are assembled during DNA transcription 

into proteins. Cell structures called ribosomes help translate these genetic 

codes into polypeptide chains. The polypeptide chains undergo several 

modifications before becoming fully functioning proteins. 

 

Lipids 

Lipids are molecules that contain hydrocarbons and make up the 

building blocks of the structure and function of living cells. Examples of 

lipids include fats, oils, waxes, certain vitamins, and hormones. Lipids are 

not soluble in water. They are non-polar and are thus soluble in nonpolar 

environments like in choloroform but not soluble in polar environments 

like water. 

 

Lipids have mainly hydrocarbons in their composition and are 

highly reduced forms of carbon. When metabolized, lipids are oxidized to 

release large amounts of energy and thus are useful to living organisms. 

Lipids are molecules that can be extracted from plants and animals using 

nonpolar solvents such as ether, chloroform and acetone. Fats (and the 

fatty acids from which they are made) belong to this group as do other 

steroids, phospholipids forming cell membrane components etc. 

 

Hydrolyzable / Non-hydrolyzable lipids 

Lipids that contain a functional group ester are hydrolysable in 

water. These include neutral fats, waxes, phospholipids, and glycolipids.  

Nonhydrolyzable lipids lack such functional groups and include steroids 

and fat-soluble vitamins (e.g. A, D, E, and K). Fats and oils are composed 

of triacylglycerols or triglycerides. These are composed of glycerol and 3 

fatty acids to form a triester. Triglycerides are found in blood tests. 

Complete hydrolysis of triacylglycerols yields three fatty acids and a 

glycerol molecule.  
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Fatty acids 

Fatty acids are long chain carboxylic acids (typically 16 or more carbon 

atoms) which may or may not contain carbon-carbon double bonds.  The 

number of carbon atoms are almost always an even number and are 

usually unbranched.  Oleic acid is the most abundant fatty acid in nature. 

 

Waxes/fats and oils 

These are esters with long-chain carboxylic acids and long-

alcohols. Fat is the name given to a class of triglycerides that appear as 

solid or semisolid at room temperature, fats are mainly present in 

animals. Oils are triglycerides that appear as a liquid at room temperature, 

oils are mainly present in plants and sometimes in fish. 

 

Mono/poly unsaturated and saturated 

Those fatty acids with no carbon-carbon double bonds are called 

saturated. Those that have two or more double bonds are called 

polyunsaturated.  Oleic acid is monounsaturated. Saturated fats are 

typically solids and are derived from animals, while unsaturated fats are 

liquids and usually extracted from plants. Unsaturated fats assume a 

particular geometry that prevents the molecules from packing as 

efficiently as they do in saturated molecules. Thus the boiling points of 

unsaturated fats is lower. 

 

Synthesis and function of lipids in the body 

Lipids are utilized or synthesized from the dietary fats. There are in 

addition numerous biosynthetic pathways to both break down and 

synthesize lipids in the body. 

 

There are some essential lipids that need to be obtained from the 

diet. The main biological functions of lipids include storing energy as 

lipids may be broken down to yield large amounts of energy. Lipids also 

form the structural components of cell membranes and form various 

messengers and signalling molecules within the body.  
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Proteins synthesis 

Process whereby DNA encodes for the production of amino acids 

and proteins. 

This process can be divided into two parts: 

1. Transcription  

Before the synthesis of a protein begins, the corresponding RNA 

molecule is produced by RNA transcription. One strand of the DNA 

double helix is used as a template by the RNA polymerase to synthesize a 

messenger RNA (mRNA). This mRNA migrates from the nucleus to the 

cytoplasm. During this step, mRNA goes through different types of 

maturation including one called splicing when the non-coding sequences 

are eliminated. The coding mRNA sequence can be described as a unit of 

three nucleotides called a codon. 

 

2. Translation  

The ribosome binds to the mRNA at the start codon (AUG) that is 

recognized only by the initiator tRNA. The ribosome proceeds to the 

elongation phase of protein synthesis. During this stage, complexes, 

composed of an amino acid linked to tRNA, sequentially bind to the 

appropriate codon in mRNA by forming complementary base pairs with 

the tRNA anticodon. The ribosome moves from codon to codon along the 

mRNA. Amino acids are added one by one, translated into polypeptide 

sequences dictated by DNA and represented by mRNA. At the end, a 

release factor binds to the stop codon, terminating translation and 

releasing the complete polypeptide from the ribosome. One specific 

amino acid can correspond to more than one codon. 
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Release of the energy 

A fascinating parallel between plant and animal life is in the use of 

tiny energy factories within the cells to handle the energy transformation 

processes necessary for life. In plants, these energy factories are called 

chloroplasts. They collect energy from the sun and use carbon dioxide 

and water in the process called photosynthesis to produce sugars. 

Animals can make use of the sugars provided by the plants in their own 

cellular energy factories, the mitochondria. These produce a versatile 

energy currency in the form of adenosine triphosphate (ATP). This high-

energy molecule stores the energy we need to do just about everything we 

do. 

The energy cycle for life is fueled by the Sun. The main end 

product for plants and animals is the production of highly energetic 

molecules like ATP . These molecules store enough immediately 

available energy to allow plants and animals to do their necessary work. 

There are a number of energy transformations in plants and animals 

which are essential to life. These processes will be described as the 

"work" of living things, Some of the general kinds of processes involved 

in the energy cycle are: 

Synthetic Work: Both plants and animals must make the complex 

molecules necessary for life. One example is the production of DNA - 

your genetic material. If you don't make extra copies of DNA, you will 

have no information to pass on to your offspring. Every time one of your 

cells makes a copy of itself, it has to make a new copy of the DNA. That 

synthesis process requires a lot of ATP. The process of growth requires a 

lot of synthetic work to create the new cells and enlarge the structures. 

Electrical Work: you may not think of yourself as an electrically 

operated machine, but you are. Each of our cells has an electric potential 

associated with it. This potential, or voltage, helps to control the 

migration of ions across the cell membranes. A major example of 

electrical work is in the operation of the nerves. When your nerves fire, 

they generate an electrical impulse called an action potential which can 

communicate information to your brain, or carry a signal from your brain 

to a muscle to initiate its movement. Electrical energy transformation is 

essential for sensing your environment as well as for reacting to that 

environment in any way. 
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Mechanical Work: Most easily visualized is the mechanical work 

associated with the moving of our muscles. This muscle movement is 

very important and requires a lot of energy. The source of that energy is 

ATP. 

to
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Cell division and cell cycle 

Cell division also referred to as cell reproduction is the process in 

which a cell multiplies and duplicates its genetic materials. This process 

occurs when a parent cell needs to split into two daughter cells, in some 

cases more than two daughter cells can be produced. We have already 

explored the differences in prokaryotic cells and eukaryotic cells however 

division can occur differently for both of these types. For each of the 

three types of cell division there are multiple stages in splitting the 

genetic materials. 

Cell division takes place in one of three processes. These are 

known as binary fusion, meiosis and mitosis. Some living organisms 

utilize both meiosis and mitosis for different types of cells. Cell division 

is driven by the genetic coding encrypted in the DNA of the organism and 

is essential for the continuation and evolution of species and genetic 

variation. 

1-Binary Fission 

Binary fission is the process in which almost all prokaryotes use. 

The process of binary fusion functions as an asexual reproductive method 

for organisms such as bacteria or cyanobacteria. Literally this term means 

division in half and is used to clone pretty much the entire single cell 

organism. 

2-Mitosis 

Mitosis is a process of cell division for eukaryotes which produces 

two identical daughter cells. It begins by having chromosomes split in the 

cell nucleus into two identical diploid cells. This process is used primarily 

to replace cells that make up an organism for regenerative purposes as 

opposed to sexual reproduction. 

3-Meiosis 

Meiosis is the form of cell division that governs sexual 

reproduction in eukaryotes. This is done through spores in the fungi and 

Plantae domain and gametes in animals and some plants. The process of 

meiosis does not reproduce two identical daughter cells but instead 

undergoes the recombination of chromosomes between two parent cells, 
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typically derived from two individual organisms. This is the process in 

which genetic variation is born. 

For unicellular organisms (single celled organisms) cell division is 

the process of reproduction for the colony. Organisms like bacteria 

reproduce asexually and therefore do not have the genetic variation that 

more complex organisms possess. 

For more complex organisms cell division serves additional 

functions. Replacing cells is an essential part of growth and life in 

organisms. In humans for example, skin cells are constantly being 

replaced to allow our growth along with providing regeneration for 

damaged cells. Additionally reproduction is a process of cell division 

which mixes the chromosomes of two parent cells to produce a unique 

daughter cell with genetic variation. 

Interphase: Interphase, which appears to the eye to be a resting stage 

between cell divisions, is actually a period of diverse activities. Those 

interphase activities are indispensible in making the next mitosis possible. 

Interphase generally lasts at least 12 to 24 hours in mammalian tissue. 

During this period, the cell is constantly synthesizing RNA, producing 

protein and growing in size. By studying molecular events in cells, 

scientists have determined that interphase can be divided into 4 steps: 

Gap 0 (G0), Gap 1 (G1), S (synthesis) phase, Gap 2 (G2). 

Gap 0 (G0): There are times when a cell will leave the cycle and quit 

dividing. This may be a temporary resting period or more permanent. An 

example of the latter is a cell that has reached an end stage of 

development and will no longer divide (e.g. neuron). 

Gap 1 (G1): Cells increase in size in Gap 1, produce RNA and synthesize 

protein. An important cell cycle control mechanism activated during this 

period (G1 Checkpoint) ensures that everything is ready for DNA 

synthesis. (Click on the Checkpoints animation, above.) 

S Phase: To produce two similar daughter cells, the complete DNA 

instructions in the cell must be duplicated. DNA replication occurs during 

this S (synthesis) phase. 

Gap 2 (G2): During the gap between DNA synthesis and mitosis, the cell 

will continue to grow and produce new proteins. At the end of this gap is 

another control checkpoint (G2 Checkpoint) to determine if the cell can 

now proceed to enter M (mitosis) and divide. 
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Mitosis or M Phase: Cell growth and protein production stop at this 

stage in the cell cycle. All of the cell's energy is focused on the complex 

and orderly division into two similar daughter cells. Mitosis is much 

shorter than interphase, lasting perhaps only one to two hours. As in both 

G1 and G2, there is a Checkpoint in the middle of mitosis (Metaphase 

Checkpoint) that ensures the cell is ready to complete cell division. 

Actual stages of mitosis can be viewed at Animal Cell Mitosis. 

Cancer cells reproduce relatively quickly in culture. In the Cancer Cell 

CAM compare the length of time these cells spend in interphase to that 

for mitosis to occur. 
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