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ChAPTER 1.
INTRODuCTION INTO THE COuRSE OF MEDICAL  

BIOLOGy. LEVELS OF ORGANIzATION AND  

FuNDAMENTAL CHARACTERISTICS OF LIVING 

MATTER. CHEMICAL COMPOSITION OF THE CELL

1.1. Introduction into the course of medical biology

Biology is the science of life and living organisms. The word biology comes from the 
Greek word: bios – “life” and the suffix-logia-“study of”. It is the study of life and living or-
ganisms, including their structure, function, growth, evolution, distribution, and taxonomy. 
Biology is a vast rapidly developing subject, composed of many branches and disciplines, 
such as molecular biology, cytology, genetics, parasitology, ecology and many other sub-
jects. In general, biology recognizes the cell as the basic unit of life, genes as the basic unit 
of heredity, and evolution as the engine that moves the synthesis and creation of new 
species. 

Medical biology (Biomedicine) is a field of biology that has practical applications in 
medicine, health care and laboratory diagnostics. It concerns a wide range of scientific and 
technological approaches: from an in vitro diagnostics to the in vitro fertilization, from the 
molecular mechanisms of a cystic fibrosis to the population dynamics of the HIV, from the 
understanding molecular interactions to the study of the carcinogenesis, from a single-nu-
cleotide polymorphism (SNP) to the gene therapy. It includes many biomedical disciplines 
and areas that typically contain the “bio-” prefix such as:

 ` Molecular biology, biochemistry, biophysics, biotechnology, cell biology, embryo-
logy.

 ` Nanobiotechnology, biological engineering, laboratory medical biology.
 ` Cytogenetics, Genetics, Gene therapy.
 ` Bioinformatics, Biostatistics, Systems biology.
 ` Microbiology, Virology, Parasitology.
 ` Ecology.
 ` Physiology.
 ` Pathology and many others that generally concern life sciences as applied to medi-

cine.

How Medical Biology Has Shaped Medicine?

Last decades of XX century are characterized by intensive development of molecular 
bio logy, introduction of molecular technologies into practical medicine, pharmaceutics, ag-
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riculture and other. The achievements of molecular biology and nanotechnology give the 
new concept of medicine, making it predictive, personalized and preventive (Fig. 1.1).

 ` Based on modern biochemistry and biophysics data, medicine gets new more deep 
understanding of normal cellular processes and molecular mechanisms of human 
diseases.

 ` Achievements of medical genetics help to understand etiology of hereditary disor-
ders, including the multifactorial ones. Multifactorial (complex) disorders develop 
as a result of complex interaction of hereditary predisposition and unfavorable en-
vironmental factors. It is the most common group of disorders in human population. 
Examples are arterial hypertension, bronchial asthma, diabetes mellitus and many 
others. Early detection of hereditary predisposition permits to prevent manifesta-
tion of the disease, postpone its onset, choose adequate therapy, and improve the 
life quality. 

 ` Practical medicine uses new methods of diagnosis based on studying of DNA and 
RNA molecules. Molecular-genetic methods are used in medical genetics, infectious 
disorders, oncology, forensic medicine. 

Fig. 1.1. Genomics gives new tools for medicine development. MALDI-TOF – matrix assisted laser desorp-
tion/ionization; SELDI – surface-enhanced laser desorption/ionization; H-NMR – protein nuclear magnetic 
resonance
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ChAPTER 2.
CLASSIFICATION OF LIVING ORGANISMS.  

NON-CELLuLAR AND CELLuLAR ORGANISMS.  

PROkARyOTIC CELL

According to modern point of view, there are non-cellular infectious particles and liv-
ing organisms, which have cellular organization. Non-cellular infectious particles include 
viruses, viroids and prions. 

All cellular organisms are divided into prokaryotes and eukaryotes by the cell struc-
ture, peculiarities of gene expression and basic metabolic pathways. 

Prokaryotic cell lacks nucleus and membrane-enclosed organelles. There are two do-
mains of prokaryotes – Archaea (Archaebac-
teria) and Bacteria (Eubacteria). Archaebac-
teria are bacteria of extreme environments, 
such as hot springs and salt lakes (the Dead 
Sea) or methanogenic Archaea. They have 
unique properties and features, which dif-
fer them from other bacteria. Eubacteria is 
the large group of bacteria, including path-
ogenic for humans. 

The cells of eukaryotes contain nucleus. 
There is one domain of eukaryotes, called 
Eukarya. It is divided into several kingdoms: 
the Protists (unicellular eukaryotes) and 
three kingdoms of multicellular eukaryo-
tes – Fungi, Plantae, and Animalia. The exact 
number of protists kingdoms is still under 
debate (Fig. 2.1). 

2.1. Non-cellular infectious particles. Viruses, viroids, prions

Non-cellular infectious particles require host cell for existence. They include viruses, vi-
roids and prions. 

Viruses. The first virus (tobacco mosaic virus – TMV) was discovered by the Russian sci-
entist D. I. Ivanovsky in 1892. In 1898, Friedrich Loeffler and Paul Frosch found evidence 
that the cause of foot-and-mouth disease in livestock was an infectious particle smaller 
than any bacteria. 

Fig. 2.1. Main systematic groups of cellular organisms
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For a long time it was believed that the viruses are living organisms because they have 
genetic material, reproduce, are able to adapt to the changing of environmental conditions 
and evolve trough natural selection. However, molecular biological studies revealed sig-
nificant differences between viruses and cellular organisms. Thus, the genetic material of 
viruses is represented by only one type of nucleic acid (DNA or RNA). Viruses lack cell mem-
brane, cytoplasm. They do not have their own protein synthesis system and other enzyme 
systems providing metabolism. They are incapable of reproducing themselves and exist on 
the borderline between the living and the inanimate, non-biological world. 

Currently, viruses are considered to be infectious agents that can infect all types of liv-
ing organisms including eukaryotes and prokaryotes. They are obligate intracellular para-
sites and reproduce by using the host cell to synthesize viral nucleic acids and proteins. 

The free viral particle is called virion (Fig. 2.2). Size of most viruses varies from 20 to 
300 nm. Virion consists of nucleic acid (either DNA or RNA) and a protein coat or capsid. In 
some viruses, capsid is surrounded by membranous envelope. While in this form outside 
the host cell, the virus is metabolically inert. 

When it comes into contact with 
a host cell, a virus can insert its genetic 
material into the cell. An infected cell 
produces more viral protein and ge-
netic material instead of its usual prod-
ucts. Some viruses may remain dormant 
inside host cells for long periods, caus-
ing no obvious change (a stage known 
as the lysogenic phase). But when a dor-
mant virus is stimulated, it enters the 
lytic phase: new viruses are formed, self-
assemble, and burst out of the host cell, 
killing the cell and going on to infect 
other cells.

Role of Viruses:
 ` Viruses are the important factors 

of molecular evolution as they 
can transfer hereditary informa-
tion between organisms of same 
or different species. 

 ` Many viruses are pathogenic (can 
cause diseases). Diseases caused 
by viruses in humans include: flu, 
herpes, polio, rabies, chickenpox, 
rubella, mumps, Ebola, AIDS and 
many other (Fig.  2.3). Even some 
types of cancer have been linked 

Fig. 2.3. Human immunodeficiency virus on the surface 
of T-lymphocytes (microphotography)

Fig. 2.2. Structure of virion: naked virus (left) and envel-
oped (right)
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ChAPTER 3.
MORPHOLOGy OF THE EukARyOTIC CELL

Animals (including human being), plants and fungi are Eukaryotes. The main characte-
ristic of eukaryotic cell is the presence of nucleus surrounded by nuclear membrane and 
membranous organelles.

Eukaryotic cells vary in size, shape, and complexity, but they share at least three compo-
nents: cell membrane, cytoplasm with organelles and nucleus.

3.1. Structural components of eukaryotic cell. Cell membrane

Cell membrane isolates the cytoplasm from the exterior environment; regulates the 
flow of molecules and substances into and out of the cell; allows communication with 
other cells. Through this thin membrane, approximately 10 nm thick, the cell selectively 
interacts with its surroundings.

Chemical components of the biological membrane are lipids (phospholipids, choles-
terol) and proteins (Fig. 3.1).

Fig. 3.1. Structure of cell membrane: 1 – cytoplasm; 2 – lipid bilayer; 3 – glycoprotein; 4 – glycolipid; 5 – pro-
teins; 6 – cholesterol; 7 – cytoskeleton
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Structure of the cell membrane is described by the fluid mosaic model, which was 
proposed by Seymour Jonathan Singer and Garth L. Nicolson in 1972. According to this 
model, membrane consists of two layers of phospholipids stabilized by specific oriented 
proteins. The phospholipid molecules and proteins are “fluid” because they move around 
and jostle one another in reaction to the surrounding water molecules. The word “mosaic” 
refers to the assemblage of proteins in membrane that help to stabilize the lipid layer and 
create various passages and channels through it.

Phospholipid molecule consists of glycerol molecule, two fatty acid chains and a phos-
phorus- and nitrogen-containing group each covalently bonded to the glycerol molecule. 
The nitrogen- and phosphorus-containing group is polar, making one end, the “head”, of the 
phospholipid molecule water-soluble, or hydrophilic. The two nonpolar fatty acid chains make 
the other end (the “tail”) of the phospholipid water-insoluble, or hydrophobic. When phos-
pholipids are placed in water, the polar region of the phospholipid molecules form hydrogen 
bonds with the surrounding water molecules. The nonpolar tails, or fatty acid chains, will be 
“pushed away” from the water molecules. Water spontaneously organizes the phospholipids 
into two layers. The hydrophilic heads are toward the water, and the hydrophobic tails 
are toward each other and therefore away from the water. The result of this organiza-
tion is called a phospholipid bilayer. Phospholipid bilayer is the framework of all biological 
membranes. Because the interior portion of the bilayer is non-polar, it repels water-soluble 
molecules, polar molecules, or electrically charged ions that attempt to pass through it.

Cholesterol molecules lie parallel to hydrophobic fatty-acid groups. At physiological 
temperature, cholesterol stabilizes the membrane by reducing fluidity. 

Proteins are embedded in the phospholipid bilayer. Depending on their function these 
proteins either partially or completely penetrate the bilayer. According to its position pro-
teins are divided into integral, semi-integral and peripheral. Integral proteins traverse the 
membrane one or several times and have intracellular and extracellular domains. Peri-
pheral proteins are associated with either cytoplasmic or extracellular side of the lipid bi-
layer. Semi-integral proteins are partially embedded into membrane but do not cross it.

Functions of membrane proteins. The most important membrane proteins are the 
transport proteins (channel, carrier or pump), receptor, recognition (cell identity makers), 
adhesion proteins and enzymes (Fig. 3.2).

Channel proteins allow water molecules and small water-soluble molecules to pass 
across the lipid bilayer. Channel proteins are selective. Some channel proteins can attract 
or repel particular ions. Other channel proteins are always open, and some close or open in 
response to changing conditions in the cell (gated channels).

Carrier proteins are enzyme-like proteins that facilitate transport of certain molecules 
through the lipid bilayer down their concentration gradient. Conformational changes in 
carrier proteins translocate molecules across the membrane.

Pump proteins utilize energy to move specific molecules across the cell membrane 
against their concentration gradient.

Receptor proteins, also known as cell-surface receptors, are embedded in the cell mem-
brane and transmit information into the cell. The end of the receptor protein exposed to 



Chapter 4.
OrganizatiOn Of infOrmatiOn and energy 

flOw in the cell. mOlecular basis Of heredity

4.1. Notion of cell metabolism.  
Assimilation and dissimilation

All the chemical processes taking place within a cell (an organism) are called metabo-
lism. Metabolism is a complex of antagonistic reactions of assimilation (anabolism) and 
dissimilation (catabolism). 

Assimilation reactions are the processes of synthesis of complex molecules. These are 
endothermic reactions (need ATP energy). Examples are synthesis of proteins, carbohy
drates, lipids, nucleic acids. These processes cause growth and differentiation of cells and 
an increase in body size. 

According to assimilation peculiarities, all organisms are divided into autotrophs and 
heterotrophs. Autotrophs can construct the complex organic molecules from simple inor
ganic molecules like carbon dioxide and water (plants, some bacteria). They can use sun
light or exothermic chemical reactions as the source of energy (photoautotrophs or che
moautotrophs respectively). Heterotrophs can not construct the organic molecules from 
simple inorganic ones, thus they must use organic molecules of food to produce own com
plex molecules (animals, fungi, bacteria).

Dissimilation is the set of metabolic pathways that breaks down large molecules into 
smaller units with releasing of energy (exothermic reactions). Reactions of assimilation and 
dissimilation are interrelated with each other. Cells use the small molecules and energy 
released for assimilation reactions. Catabolism therefore provides the matter and chemical 
energy necessary for the maintenance and growth of cells. Assimilation is seen as construc
tive metabolism and dissimilation as destructive metabolism.

All these highly coordinated sets of different metabolic pathways provide flows of infor
mation, energy and matter in a cell (organism).

Information flow creates certain organization of a cell (organism), permits to 
maintain it in time and transfer to next generations. In this process are successively 
involved DNA that stores information, mRNA that transports information into cyto
plasm, and cytoplasmic translation complex (ribosomes, tRNAs, enzymes). The result 
of information flow is synthesis of different proteins and manifestation of characte
ristics.



Chapter 5.
reprOductiOn On the cellular  

and Organismic level

5.1. Mitotic cycle. Mitosis. Cell death

The growth and development of every multicellular organism is provided by the multi
plication, growth and differentiation of its cells. The asexual and sexual reproduction of the 
organisms also depends on cell division.

There are the following ways of cell division in animals and plants:
1. Mitosis or indirect cell division.
2. Meiosis or reduction division.

Cell (mitotic) cycle

Cell cycle is the period from forming of the new cell up to the end of the next division or 
cell death. It includes all the events that happen during this period like growth, differentia
tion, functioning of the cell, preparing for division and the division itself. 

In continuously dividing cells, an individual cell passes through the following two main 
phases of mitotic cycle (Fig. 5.1):

A. Interphase.
B. Mitotic phase (mitosis).
Interphase. A stage between the two mitotic divisions is called an intermitotic phase or 

interphase (from Latin inter – between; from Greek phasis – appearance). The interphase 
is the longest phase of the mitotic cycle and occupies about 90 % of the cell cycle. At this 
period:

 ` The nuclear envelope remains intact.
 ` The chromosomes are diffused, long, coiled and indistinctly visible chromatin fi

bers.
 ` The nucleus and cytoplasm remain metabolically active. There is active synthesis 

of RNA, proteins, enlargement of the organelles size and number, so offspring cells 
grow to maternal size. 

Interphase is divided into three subphases: 
1. G1-phase (G from the word gap) is postmitotic or presynthetic phase. The main 

events include growth, differentiation of the cell, synthesis of different proteins in
cluding enzymes required for DNAsynthesis. Set of hereditary information is 2n2c 
(n – number of chromosomes, c – number of chromatids (DNA molecules). It means 



Chapter 6.
human OntOgenesis. prenatal and pOstnatal 

periOds Of OntOgenesis

6.1. Ontogenesis. Embryonic period of ontogenesis

Ontogenesis (from Greek ontos – an essence, genesis – development) is individual de
velopment of an organism. It includes the set of consecutive morphological, physiological 
and biochemical transformations from the fertilization up to death. From genetic point of 
view ontogenesis is realization of hereditary information at the each stage of individual 
development in certain environment.

The science which deals with the study of ontogenesis is called developmental biology.
The ontogenesis of multicellular organisms is divided into two periods: embryonic and 

postembryonic. Period of gametogenesis or prezygotic period is very important for on
togenesis as the failure at this period (for instance, numerical or structural chromosomal 
aberrations arising in meiosis) determines the further fate of an organism. 

1. Embryonic period (embryogenesis). It starts immediately after fertilization and 
completes with hatching or birth. In mammals including man this period is also termed 
as prenatal. As in mammals embryonic development takes place in the uterus inside the 
maternal organism, it is the intrauterine development.

The study of this period is called embryology.
In humans prenatal period lasts about 266 days or 38 weeks. Developing human orga

nism is called embryo till the 9th week from fertilization. This period is characterized by ac
tive morphogenesis. In 9 week after the fertilization the embryo acquires human features. 
Since this time till birth it is called fetus. 

In premature birth newborn child is considered to be viable from 23rd week of gestation 
if it gets fullteam medical attention in a neonatal intensive care unit. From 28th week of 
gestation fetus is capable of spontaneous breathing, so can survive.

2. Postembryonic (in mammals and man – postnatal) period extends from hatching 
or birth to death. 

Embryonic period of ontogenesis

The main consequent steps of embryogenesis are:
 ` fertilization;
 ` cleavage;
 ` gastrulation;
 ` histogenesis and organogenesis.



Chapter 7.
regularity Of heredity in humans

7.1. Mono- and dihybrid cross. Mendel’s laws

Genetics (from Greek genesis – origin or production) is a science studying heredity and 
variation of organisms.

Basic terms of genetics

Heredity – ability of organisms to transfer their traits to the next generation.
Inheritance is the way of transmission of traits through generations.
Variation – an ability of an organism to change, to get new features during its develop

ment. Heredity and variation are among the basic characteristics of living organisms.
Genotype – the genetic constitution of an individual, set of genes in diploid set of chro

mosomes.
Phenotype – a complex of external and internal features which appears under the con

trol of genotype influenced by the environmental conditions; expression of the hereditary 
constitution of an organism.

Allelic genes – genes located at the same locus of homologous chromosomes and de
termining one character (a heritable feature). One of the allelic genes is inherited from 
mother, another one – from father, thus there are two allelic genes in a genotype of diploid 
organism.

Each character can have different phenotypic manifestations. For example, eye color 
may be brown or blue; the number of fingers on a hand may be five or six. Contrasting vari
ants for a character are called alternative traits (Fig. 7.1). Alleles are the different variants 
of the gene that control alternative traits. They are formed due to the different mutations 
in same locus.

Homozygous organism has same alleles at a single locus of homologous chromo
somes and produces one type of the gametes (Fig. 7.2).

Heterozygous organism has different alleles at a single locus of homologous chromo
somes and produces two types of gametes (Fig. 7.3).

Dominant gene is an allele that manifests in the homozygous as well as heterozygous 
state and masks the effect of recessive allele. Dominant alleles are labeled by capital letter (A).

Recessive gene is an allele that manifests in the homozygous state only. Recessive  
alleles are labeled by small letter (a).

Thus, there are three variants of genotype:
AA – dominant homozygote
Aa – heterozygote
aa – recessive homozygote, has recessive phenotype.

Both have dominant phenotype



Chapter 8.
variatiOn, its fOrms and manifestatiOn

Variation is an ability of organisms to change their characters. It is one of the most im
portant properties of living organisms. Variation provides the variety of organisms and the 
unique properties of each organism.

There are two types of variation – phenotypic and genetic variation.
 ` Phenotypic variation (modifications) – variation in phenotype without genotype 

changes (nonhereditary). 
 ` Genetic variation – variation in phenotype caused by genotype changes (heredi

tary). 

8.1. Phenotypic variation

This is the name for normal variants that appear due to environmental influence and 
do not concern a genotype. Examples in humans are suntan, increase of the muscle volu
me after the high longlasting physical exertions, increasing of erythrocytes number and 
amount of hemoglobin in people who live high in the mountains. Some clinical features of 
human disorders, like rising of temperature and increasing of leukocytes number during 
infections are also the examples. 

Modifications share several characteristics:
 ` Modifications are not inheritable as do not change genotype.
 ` Modifications are adaptive. For example, increasing of erythrocytes number and 

amount of hemoglobin in the highland adapt to low oxygen pressure; rising of tem
perature and increasing of leukocytes are defense mechanisms against infections.

 ` Modifications are singlevectored, which means that the same factors of environ
ment cause the similar changes of the phenotype in organisms of a certain geno
type. For example, regular trainings enhance the growth of muscle bulk, lungs capa
city, and bone firmness in everybody; in summer all Caucasians get suntan under the 
action of UV rays.

 ` Modifications occur in a mass character – similar changes occur in all individuals of 
the species. 

 ` Level of expression of variation due to the environmental factor depends on the in
tensity and duration of its action.

 ` As a rule, modifications are reversible. If the environmental factors influence ceases, 
modifications disappear. Thus, after the end of physical trainings muscle bulk and 
lung capacity decrease again. If hazardous environmental factors act for a long time 
during the period of development (embryogenesis or early postembryonic stages), 
the changes can be nonadaptive and irreversible, e.g., congenital defects in a child 
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The basic regularities of heredity and variation are applicable to all living organisms 
including human being. The branch of genetics which deals with heredity and variation in 
men is termed as human genetics. One of the human genetics founders is Francis Galton, 
who in 1869 published his book “Hereditary Genius: An Inquiry into Its Laws and Conse
quences” where he analyzed the role of heredity and nurture in inheritance of talent. He 
laid the foundations of genealogic, twins and dermatoglyphic methods of genetics, ap
plied statistical method to biological researches. 

Medical genetics is one of the human genetics branches, which deals with hereditary 
disorders, works out the methods of diagnosis, treatment and prevention of hereditary 
pathology.

9.1. Peculiarities of human genetics.  
Notion of hereditary disorders

Human being is a very specific subject of genetic analysis. The main problems of hu
man genetics are explained by ethical and biological factors. First of all, experimental cross 
which is the main method of classical genetics is not applicable in humans. Small number 
of descendants of one couple impedes statistic analysis of traits distribution. Alternation of 
generations is slow and lifespan of investigator is comparable with that of a person, whose 
genealogy is studied. Thus investigator can examine maximally three to four generations 
of one family. Humans are characterized by more complex karyotype with great number of 
linkage groups and more complex genotype than classical objects of genetic experiments.

All the reasons mentioned above led to elaboration of special methods of human ge
netics studying. Methods of human genetics include pedigree analysis, twins method, 
cytogenetic method, dermatoglyphics, biochemical method, moleculargenetic method, 
populationstatistic method, hybridization of somatic cells etc.

These methods allowed to determine peculiarities of genetics of normal human charac
ters and hereditary disorders.

Hereditary disorders are the diseases, caused by mutations.
There are three main groups of hereditary disorders:

 ` Chromosomal disorders. These are disorders, caused by structural and numerical 
chromosomal aberrations. Examples are Down syndrome, Edwards syndrome, Turner 
syndrome. Cytogenetic methods are used for diagnosis of these disorders.

 ` Single gene disorders. These are disorders, caused by gene mutations. Examples are 
polydactyly, Marfan syndrome, sickle cell anemia, albinism, hemophilia. Biochemical 
and moleculargenetic methods are used for diagnosis of single gene disorders.
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primerbounded DNA products are amplified geometrically. The number of copies doubles 
in each cycle producing millions of fragments of the original DNA (i.e., 230 from a single 
DNA molecule in 30 cycles) in only a few hours. 

Once DNA is amplified, it can be analyzed in a variety of ways. The simplest way is size 
analysis of PCR products by gel electrophoresis. Electrophoresis is a technique which meas
ures the rate of migration of charged molecules in a gel medium when an electrical field 
is applied. Nucleic acid is negatively charged molecule and migrates towards the positive 
electrode (anode). Position of nucleic acid (distance from the start point of migration) in 
agarose or polyacrylamide gel depends on the size and conformation of the DNA frag
ment. Small molecules migrate faster and are nearer to anode than long ones in a given pe
riod of time. Position of DNA fragments in gel is visualized by staining with fluorescent dye 
ethidium bromide. It joins DNA and gives orange color bands in UV illumination. Size of the 
fragments is typically determined by comparison with DNA fragments of known length. 

Modern modification of PCR known as realtime PCR combines amplification with automat
ed DNA analysis, so results sometimes are available within one hour of a sample being taken.

The Nobel Prize in Chemistry 1993 was awarded "for contributions to the developments of methods 
within DNA-based chemistry" to Kary B. Mullis (one half ) "for his invention of the polymerase chain 

reaction (PCR) method".

Fig. 9.20. PCR components (A) and stages of PCR process (B)

a. pCr components B. pCr process
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prOtists as human parasites

10.1. General notions of parasitology

In the process of living world evolution different kinds of interaction between species 
have been formed. Close and often longterm interaction between organisms of different 
species is termed symbiosis (from Greek sym – together and bios – life).

The main types of symbiosis are mutualism, commensalism and parasitism.
Mutualism is an interaction, which benefits both participants. Example is interaction 

between humans and enteric bacteria Escherichia, Lactobacillus and some other species. 
They provide a barrier to pathogenic bacteria, produce vitamins K and B, metabolize some 
dietary fibers. In turn, bacteria get a shelter and use intestinal content for nutrition. 

Commensalism (from Greek com – together and mensa – table or meal) is a kind of 
interaction in which one organism is benefited and another one remains relatively unaf
fected. Benefited organism (commensal) lives and feeds in the host but produces neither 
harm nor benefit to the host. Examples are Entamoeba coli inhabiting lumen of human 
large intestine and Entamoeba gindivalis inhabiting gingival pockets. 

Parasitism is an interaction in which one of the organisms (parasite) benefits from the 
relationship and another one (host) is injured. Usually parasite physiologically or metaboli
cally depends upon its host. Parasitism differs from predation. Predator attacks its victim, 
kill it and devour immediately. The parasite is harmful for its host but they both have to 
reach the balance as parasite that kills its host will die with it. If parasite produces sublethal 
effect it can use host for repeated feeding and has an opportunity to spread to another 
host. Parasites usually kill the host only in case of heavy infection. 

In fact, all infectious agents including viruses, bacteria, fungi, protists, helminthes and 
arthropods are parasites. However, usually we termed as parasites protists and agents of 
animal nature (helminthes and arthropods). The science dealing with human parasites and 
diseases caused by them is called medical parasitology. It includes medical protozoology 
(studies parasitic protists), medical helminthology (studies parasitic worms – helminths) 
and medical arachnoentomology (studies arthropods – agents and vectors of human di
seases).

Classes of parasites and hosts

Parasites can be obligate and facultative. Obligate parasites cannot survive without 
parasitic life. Some animals are obligatory parasites at one stage of life cycle and are free
living at another stage. Facultative parasites exist in a freeliving state but become para
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as human parasites

Parasitic worms are termed helminths (from Greek helmins – worm), so diseases they 
cause are called helminthoses.

Helminths belong to two phylums: Platyhelminthes and Nemathelminthes. Phylum Plat-
yhelminthes includes parasitic classes Trematodes and Cestoidea while Nemathelminthes 
has only one parasitic class Nematoda.

According to the peculiarities of their development helminths are divided into two 
groups: bio and geohelminths. Biohelminths are worms with alternation of definitive and 
intermediate hosts in their life cycle (Fig. 11.1). Definitive host is the one, in which adult 
worms multiply sexually. Development of larvae occurs in the organism of intermediate 
host. If intermediate host is absent and larval stage maturates in an environment (usually 
in soil) parasitic worms are considered as geohelminths (Fig. 11.2).

Fig. 11.1. Transmission of biohelminths
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Fig. 11.2. Transmission of geohelminths
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11.1. General characteristics of flat worms.  
Flukes (Trematodes)

General features of phylum Platyhelminthes (Flat worms):
1. Bilateral symmetry of body which is flattened dorsoventrally.
2. They are triploblastic animals, i.e., arise from three germ layers: ecto, endo and me

soderm.
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and agents Of human diseases

12.1. General characteristics of Arthropods

Arthropods is the largest phylum of the animal kingdom, which includes about 1 mln 
of species.

General characteristics of Arthropods:
1. Bilateral symmetry. 
2. Triploblastic (develops from three germ layers). 
3. A tough, jointed chitinous exoskeleton. It has protective function and preserves the 

body from drying.
4. The body is segmented. The segments are grouped in the cephalothorax and abdo

men or into the head, thorax and abdomen.
5. Jointed appendages modified for a variety of functions (feeding, walking, jumping, 

swimming).
6. Striated muscles, which arranged into bundles and provide independent movements 

of a particular segment of the body.
7. The body cavity around the viscera is mixocoel (haemocoel). It contains the haemo

lymph.
8. The digestive tract is complete and has three parts: fore, mid and hindgut. The 

mouth is provided with movable appendages (the mouth parts). These are adapted 
for chewing, sucking, sponging, etc.

9. Respiration takes place by gills, trachea or lungs.
10. The circulatory system is of open type. The blood (haemolymph) flows in haemocoel 

instead of blood vessels. The heart is situated on the dorsal side.
11. The excretory system may consist of green glands, opening directly to the exterior, or 

Malpigian tubules opening into the gut.
12. The nervous system comprises a circumetric ring and a double midventral nerve cord 

bearing a pair of ganglia per segment, or less due to fusion of adjacent ganglia. 
13. The sense organs are present. The eyes are compound in most of forms, arachids 

have simple ones.
14. The endocrine system is present and regulates metamorphosis.
15. Reproduction is sexual. Sexes are separate. The gonads have ducts. Fertilization is 

internal in the majority of species. 
16. The postembryonic development is direct or indirect with larval forms. Incomplete 

metamorphosis includes stages of the ovum, larva, imago. Complete metamorphosis 
includes stages of the egg, larva, pupa (chrysalis) and imago.
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systems in vertebrates

Evolution (from Latin: e – from; volvere – unrolling or unfolding) is a process of the irre
versible changes in the structure and the functions of living organisms during their historic 
existence. 

13.1. Evolution theory

The term evolution was first used by British biologist and philosopher Herbert Spencer. 
Continuous evolution over many generations can result in the development of new varie
ties and species. Likewise, failure to evolve in response to environmental changes can, and 
often does, lead to extinction. The acceptance of biological evolution is an essential part of 
the modern scientific explanation of the natural world. 

Pre-Darwinian view on evolution

The question of origins has always fascinated the human mind. From the ancient pe
riod, the existence of life has mostly been attributed to supernatural intervention. However, 
naturalistic models of origins based on logic and philosophy can be traced to about the 
fifth century BC in Greece. Plato (428–348 BC) and Aristotle (384–322 BC) were the phi
losophers that probably had the greatest impact on western thought. Their idealistic view 
of striving for perfection laid the foundations for a naturalistic view of origins.

Plato’s idealistic views had a profound effect on biology. To him, the structure and 
form of organisms could be understood from their function which in turn was designed to 
achieve ultimate goodness and harmony imposed by an external creator.

Aristotle, the father of biology, expanded this idea to include the development of or
ganisms and the origins of groups of organisms. To Aristotle, the adult form represented 
the final goal or “telos”, and the changes occurring in embryogenesis represent a striving 
towards the “telos” and are dictated by it.

Aristotle used this idea to develop a “scale of nature” in which he arranged the natural 
world on a ladder commencing with inanimate matter to plants, invertebrates, and ver
tebrates. Among the vertebrates, he placed the fish at the lowest rung of the ladder and 
humans on the highest rung. This “scale of nature” represents a progression from the most 
imperfect to the most perfect.

The concepts developed by the Greek philosophers retained their influence well into 
the 18th century and were nurtured by prominent thinkers such as Goethe (1749–1832), 
who believed that the origin of each level of organism was based on a fundamental primi
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pOisOnOus Organisms

The term ecology (from Greek eikos – house or dwelling and logos – science) was origi
nally coined by the German zoologist Ernst Haeckel in 1866. He defined ecology as the 
comprehensive science of the relationship of the organisms to their environment (total of 
inorganic and organic environment). Now we define ecology as the branch of biology that 
studies relations and interactions between organisms, populations and communities 
and their environment including other organisms. Ecology is divided into two branches: 
autecology and synecology. Autecology deals with the biological relationship between an 
individual organism or an individual species and its environment. Synecology studies the 
relations between groups of organisms of coexisting biological communities. 

14.1. Ecological factors. Ecosystems

The environment is a set of factors that can directly or indirectly influence the living 
organisms. A habitat is an environmental area that is inhabited by a particular species of 
organisms. The term refers to a part of nature that surrounds the organisms and where 
they can find food, shelter, protection and mates for reproduction. Habitat includes specific 
biotic and abiotic conditions in which the given organisms (population) live. Habitat can be 
aquatic (marine and freshwater), terrestrial, soil. Habitat of parasites is the host’s organism.

Ecological factors

Each type of habitat is characterized by specific set of factors that can directly or indi
rectly influence the living organisms. Any factor that influences living organism is termed 
as ecological factor. 

The influence of the ecological factor on the organism’s adaptation depends on its na
ture and intensity (Fig. 14.1). Every organism has an ecological minimum and maximum for 
every factor (critical minimum zone and critical maximum zone respectively). The critical 
minimum zone is the minimum limit of intensity, below which the grows and development 
of the organism is impossible. The critical maximum zone is the highest maximum limit 
above which the growth and development of the organism ceases. The range between 
these two limits is known as limits of tolerance or zone of tolerance. The intensity of eco
logical factor which is optimal for growth, existence and reproduction of an organism is 
termed as optimal zone. Organisms are characterized by maximal fitness and successful 
reproduction in optimal range of tolerance. If intensity of ecological factor is more or less 
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than optimal range but within a zone of tolerance, physiological activities of an organism 
are suppressed (zones of physiological stress).The zone below critical minimum and above 
the critical maximum is zone of intolerance. 

The range of tolerance is specific for every species. Any ecological factor less than mini
mum limit or more than maximum limit is called limiting factor as it restricts distribution 
of particular species in certain area. Limiting factors in terrestrial habitat might be tempera
ture, water, soil nutrients. In aquatic ecosystems these are salinity, sunlight, temperature, 
dissolved oxygen. To explain the effect of limiting factors several laws were proposed.

The Liebig’s law of minimum (proposed by German chemist Justus Liebig) states that if 
the factor is depleted below the critical minimum level the organism will fail to grow or will 
grow abnormally. By other words, success of an organism is determined by crucial ingre
dient that is in short supply.

Blackman’s law of limiting factor (proposed by British plant physiologist Frederick Black
man) states that any organism is under the action of number of ecological factors and 
deficiency of any of them will affect an organism. 

Shelford’s law of tolerance (proposed by American zoologist Victor Shelford) states that 
not only less but also the excess amount of the same factor can be limiting.

The summary effect of ecological factors can potentiate or compensate action of any 
factor. 

There is a variation of tolerance between species with respect to a particular factor. An 
organism may have narrow range of tolerance for one factor but wide range of tolerance for 
other factors. Species that can thrive only in a narrow range of environmental conditions are 

Fig. 14.1. The influence of the ecological factor on the organism’s adaptation
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