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Main topics 
 

• Brief history of toxicology 
• Basic terms of toxicology 
• Dose-response relationships 
• Toxicodynamic effects 
• Toxicokinetics  
• Factors influencing toxicity  
• Teratogenicity 
• Mutagenicity 
• Carcinogenicity 
• Allergy induced by chemicals 

Basic Principles of Toxicology 
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History of toxicology  history of the 
human race 
  

The early humans must have learnt to 
discriminate between things that were 
good to eat and those that were not  
 
Natural progression  hunting     
                                          warfare  
                                          homicide 

 

Brief history of toxicology 
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• Arrow poisons were developed by ancient peoples in 
all parts of the world, and many are still in use (Masai 
hunters – 18000 years ago). 

 

Brief history of toxicology 
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Strychnos toxifera 

Phyllobates terribilis 

Diamphidia nigro-ornata (Bushman arrow-poison beetle) 
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Ebers Papyrus (1500 B.C.) 
 - The oldest well preserved medical document  
 - Contains 110 pages on anatomy and physiology, 
 toxicology, spells, and treatment recorded 
 - More than 800 medicinal and poisonous recipes, 
 many contain recognized poisons (opium, hemlock, 
 lead…) 

Brief history of toxicology 
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Socrates (470-399 B.C.)  
 
He was found guilty of corrupting the 
minds of the youth of Athens and 
sentenced to death by drinking a 
mixture containing poison hemlock. 
  

 

 

Brief history of toxicology 
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Cleopatra – Queen of Egypt (69-30 B.C.) 
Experimented with strychnine and other poisons on 
prisoners and poor. Committed suicide with Egyptian 
Asp (Egyptian cobra sometimes used in executions). 

 

Brief history of toxicology 
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Dioscorides (40-90 A.D.) 
 
Greek physician who classified poisons for 
Nero. Wrote the Materia Medica (5 
volumes) documenting over 600 medicinal 
plants he encountered while traveling with 
the Roman military, as well as earlier 
compilations of Roman and Greek 
knowledge.  
 
This was a standard text for 16 centuries! 

 

Brief history of toxicology 
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Swiss physician Paracelsus (1493- 
1541) credited with being  
“the father of modern toxicology.” 
 
“All substances are poisons: there is none which is 
not a poison.  The right dose differentiates a poison 
from a remedy.” 
 
 
    

 

Brief history of toxicology 
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Catherine Medici (1519-1589) 
 
She often used poisoning as a 
political tool during her reign.  
She experimented with poisons 
on the sick and poor to develop 
more advanced poisons.   

 

Brief history of toxicology 
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Mathieu Orfila (1787 - 1853)  
 
Established a systematic correlation 
between the chemical and biological 
properties of poisons.  
He demonstrated effects of poisons on 
specific organs by analyzing autopsy 
materials for poisons and their 
associated tissue damage. 

 

Brief history of toxicology  
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20th Century 
 
Chemical Warfare (1915) 
 
By the middle of the 1910's, 
chemicals had been developed to be 
used by the military as weapons. 
Agents such as Chlorine, 
Chloropicrin, Phosgene and Mustard 
gas were all used in chemical 
warfare. Humans and dogs were 
fitted with gas masks. 

 

Brief history of toxicology  
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20th Century 
 

Gerhard Schrader (1903-1990)  
 
Accidentally developed the toxic 
nerve agents Sarin, Tabun, Soman, 
and Cyclosarin while attempting to 
develop new insecticides. As a result, 
these highly toxic gases were utilized 
during World War II by the Nazi's. He 
is sometimes called the "father of 
the nerve agents". 
 

 

Brief history of toxicology  
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20th Century 
 

DDT – 1939 
 

Paul Hermann Müller  
Recognized as insecticide by 
the Swiss scientist Paul 
Hermann Müller, who was 
awarded the 1948 Nobel Prize 
in Physiology and Medicine. 
DDT was banned in late 
sixties and early seventies. 
 
 

 

 

Brief history of toxicology  
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20th Century 
 
Rachel Carson - alarmed public about 
dangers of pesticides in the 
environment. 
Human role in ecology and as well as 
safety from pesticides were some of 
the fields she worked in. 
Scientist leads crusade against the 
use of DDT, a pesticide and persistent 
organic pollutant. 

 

Brief history of toxicology  
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DIFFERENT AREAS OF TOXICOLOGY 
 
CLINICAL TOXICOLOGY 
Clinical toxicologists usually are physicians or 
veterinarians interested in the prevention,  diagnosis, 
and treatment of poisoning cases.  
They have specialized training in emergency medicine 
and poison management. 

 
EXPERIMENTAL TOXICOLOGY 
Experimental toxicologists study the harmful effects of 
chemical substances on living animals (mechanism of 
action, disposition, analytical procedures). 
 

 
 

Basic terms of toxicology 
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ENVIRONMENTAL TOXICOLOGY 
Environmental toxicologists study the effects of pollutants on 
organisms, populations, ecosystems, and the biosphere.  
 
FOOD TOXICOLOGY 
Food toxicologists deal with the possible deleterious effects of 
chemicals in food for human consumption (residue level). 
 
FORENSIC TOXICOLOGY 
Forensic toxicologists study the application of toxicology to the 
law. They uses chemical analysis to determine the cause and 
circumstances of death in a postmortem investigation. 
 
 

 

Basic terms of toxicology 
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OTHER  SPECIAL AREAS 
 

 Industrial toxicology 
 

 Occupational toxicology 
 

 Regulatory toxicology 
 Regulatory toxicologists use scientific data to 
 decide how to protect humans and animals from 
 excessive risk. 
 

Basic terms of toxicology 
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WHAT IS TOXICOLOGY? 
  

THE STUDY OF THE ADVERSE EFFECTS OF CHEMICAL 
AGENTS ON LIVING ORGANISMS. 
 

ADVERSE EFFECTS 
– any change from an organism’s normal state 
– dependent upon the concentration of active compound at the 
target site for a sufficient time 

POISON = TOXICANT 
– inorganic and organic lifeless substances 
– any substance that causes deleterious effects in a living 
organism 

 

Basic terms of toxicology 
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POISONS 
 

- biologic origin (nicotine, botulinum toxin) 
 

- naturally-occuring chemical element (Pb,Cu) 
 

- manufactured chemicals (pesticides) 
 

- results of a physical process (CO) 
 

“Synthetic” does not mean toxic or poisonous  
“Natural” does not mean safe or even low risk 
 

Basic terms of toxicology 

 

 

20 



TÁMOP-4.1.2.A/2-10/1-2010-0012 

 

TOXIN 
Poisonous substance produced by a living organism, such as 
a plant, animal or micro-organism 
  
           

   Phytotoxins 
   Zootoxins 
   Bacteriotoxins 
   Mycotoxins 
 
 
 
 

 

  
  
  

 

Basic terms of toxicology 
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XENOBIOTIC  
A chemical compound that is foreign to the body or to 
living organisms.   
(xenos-strange, bios-life) 
 
TOXICOSIS  =  POISONING  =  INTOXICATION 
Describes the disease state which results from exposure 
to a poison. 
 

 

Basic terms of toxicology 
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TOXIC SYMPTOM  
It is any feeling or sign indicating the presence of a 
poison in the system. 
 
TOXIC EFFECTS 
It refers to the health effects that occur due to exposure 
to a toxic substance. 
 
TOXICITY 
The adverse effects that a chemical may produce. 
 

 

Basic terms of toxicology 
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EXPOSURE  
The actual contact of the chemical substance with the 
biological organism. 
(It means contact with a hazard.) 
 

 
HAZARD  
It is a chemical substance, physical agent, or biological agent 
that can harm the health of people. 
The likelihood that the toxicity will be expressed. 
 
Risk = Hazard X Exposure 

 

Basic terms of toxicology 
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The Dose Makes the Poison 
  
An apparently nontoxic chemical can be 
toxic at high doses. (Too much of a good 
thing can be bad.) 
 
Highly toxic chemicals can be life saving 
when given in appropriate doses. (Poisons 
are not harmful at a sufficiently low dose.) 

 

Basic terms of toxicology 
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Terms defining toxicity: The Median Lethal 
Dosage 
 

LD50 
The amount (dosage) of a chemical substance that 
produces death in 50% of a population of test animals 
to which it is administered by any of a variety of 
methods. 
 

mg/kg 
Normally expressed as milligrams of chemical substance 
per kilogram of animal body weight. 

 

 

Basic terms of toxicology 
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Dose 
Total amount of a chemical substance administered to 
an organism 
 

Dosage 
Characteristics of organism 
Body weight 
Surface area  
Dosage is more precise (mg chemical substance/kg body 
weight) 
 

Basic terms of toxicology 
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Terms defining toxicity : The Median Lethal  
Concentration 
 

LC50 
The concentration of a chemical substance that 
produces death in 50% of a population of test animals 
to which it is exposed. 
 

mg/m3  , mg/l, mg/g(kg) 
Normally expressed as milligrams of chemical substance 
per m3, l, g (kg) of the medium (air, water, soil…). 

 

 

Basic terms of toxicology 
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Basic terms of toxicology 
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Chemical substance LD50 mg/kg b.w. 
Ethyl alcohol 10 000.0 
Sodium chloride 4 000.0 
Morphin 900.0 
Dithane M-45 10 700.0 
Decis 2.5 EC 620.0 
Temik 10 G 0.9 
Nicotine 1.0 
Aflatoxin B1 7.2 
WX (chemical warfare) 0.015 
Dioxin 0.001 
Tityustoxin 0.009 
Tetanus toxin 0.000002 
Botulinum toxin 0.000001 
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Basic terms of toxicology 
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Classification of chemical substance based on toxicity 
 

Toxicity class LD50 mg/kg b.w. Probable lethal oral 
dose for humans 

Supertoxic <5 
a taste (less than 7 

drops) 

Extremely toxic 5-50 
between 7 drops and 

teaspoonful 

Very toxic 50-500 
between teaspoonful 

and ounce (1/3 dl) 
Moderately toxic 0.5-5 (g/kg) a glass 

Slightly toxic 5-15 (g/kg) 0.5-1 liter 
Practical nontoxic >15 (g/kg) >1 liter 



TÁMOP-4.1.2.A/2-10/1-2010-0012 

 

Local adverse effects 
 
The site of action takes places at the point of contact. 
The site:  
• skin  
• mucous membrane of the eyes, nose, mouth, throat 
• or anywhere the along the respiratory or 
gastrointestinal system 
 

Basic terms of toxicology 
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Systemic adverse effects 
 

Requires absorption and distribution to a distant site. 
Most chemical substances can produce systemic effects 
 
Target organs:  
CNS,  circulatory system, blood and hematopoietic 
system, liver or GI, kidney, lung 

 

 

 

Basic terms of toxicology 
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Cumulative Effects 
 

Over a period of time, the material is only partially 
excreted and the remaining quantities are gradually 
collected.   
The retained toxic compound accumulates and 
becomes great enough to cause adverse effect. 
 

Basic terms of toxicology 
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Immediate / Delayed Toxicity 
 

Immediate 
Develops rapidly after a single administration of a 
substance. 
 

Delayed 
Toxic effects occur after the lapse of some period of 
time. 
Carcinogenic effects have long latency (up to 30 years). 
 

Basic terms of toxicology 
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Reversible / Irreversible Toxic Effects 
Some toxic effects are reversible, and others are 
irreversible. 
 

Level of tissue injury 
◦Liver has high regenerative ability (most are reversible)  
◦Central nervous system have differentiated cells 
(largely irreversible) 
◦Carcinogenic and teratogenic??? 

 

Basic terms of toxicology 

 

 

35 



TÁMOP-4.1.2.A/2-10/1-2010-0012 

 

Various interactions of chemical substances 
 

Additive 
Combined effect of two chemicals is equal to the sum of 
the effects of each (2+3=5). 
Synergistic 
Combined effect of two chemicals are much greater 
than the sum (2+2=20). 
Potentiation 
One substance does not have a toxic effect on a certain 
organ or system but when added to another chemical is 
already toxic. 
Antagonism 
Two chemicals interfere with each others in actions. 

 
 

 

Basic terms of toxicology 
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Exposure  
The actual contact of the chemical substance with the 
biological organism. 
 

Routes and Sites of Exposure 
– Ingestion (Gastrointestinal Tract – food and water) 
– Inhalation (Lungs - air) 
– Dermal/Topical (Skin) 
– Injection (intravenous, intramuscular, intraperitoneal…) 
 

Typical Effectiveness of Route of Exposure 
 i.v. > inhale > i.p. > i.m. > ingest > topical 

 

Basic terms of toxicology 
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Duration and Frequency of Exposure 
 

Acute 
A single exposure lasting less than 24 hours.  

Subacute 
Repeated exposure lasting 1 month or less. 

Subchronic 
Repeated exposure lasting from 1 month to 3 months. 

Chronic 
Repeated exposure lasting more than 3 months (over 
months or years). 

 

Basic terms of toxicology 
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ACUTE POISONING 
The body is exposed to the toxic substance in a single 
high dose. 
Symptoms of poisoning develop in close relation to      
the exposure (within hours or days). 
 

CHRONIC POISONING  
The body is exposed repeatedly to toxic substance in 
low dose during a long period . 
Symptoms of poisoning are appeared after a long 
period (months or years). 

 

 

Basic terms of toxicology 
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Paracelsus was the first to recognize the concept of 
dose. 
 
Fundamental concept in toxicology. 
 
What is a toxic response? 
– Death  
– Pathological lesions 
– Biochemical, pharmacological, or chemical change 
 

Dose-response relationship 
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Individual dose-response curve 
– Response of an individual to varying doses of a 
chemical substance 
– Graded response – continuous over a range of doses 
 

Quantal dose-response curve 
– Population 
– Distribution of responses to different doses in a 
population of individual organisms 
 

Dose-response relationships 
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Dose-response relationships 
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Symptoms 

Concentration of CO in the blood 1- headache 

2- dizziness 

3- nausea, vomit 

4- unconsciousness 

5- death 
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Dose-response relationships 
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Dose-response relationships 
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Dose-response relationships 
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If Mortality is the response, the dose that is lethal to 
50% of the population LD50 can be generated from the 
curve. 

LD50 



TÁMOP-4.1.2.A/2-10/1-2010-0012 

 

Dose-response relationships 
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Similar to LD50 
 

•ED50  
– Effective dosage for 50 percent 
 

•TD50 

– Toxic dosage for 50 percent  
 

•Therapeutic Index 
– Ratio of LD50 or TD50 to ED50 
LD50/ED50 or TD50/ED50 
 

The larger value means the margin of safety between the effective dose 
and toxic dose is greater.  

 

Dose-response relationships 
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Dose-response relationships 
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Toxicodynamic effects 
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2014.06.11. 49 

TOXICODYNAMIC PROCESS 

• CLASSIFICATION OF TOXIC EFFECT 

   character of toxic action 
   mode of damaging 
   site of damaging 
   specific toxic effects 

 
POISON 

 

 
ORGANISM 

 

TOXICODYNAMIC 
 
 

TOXICOKINETIC 
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Toxicodynamic effects 
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CHARACTER OF TOXIC ACTION 

All-or-none 

Serious effect 

Mild effect 

Unbroken 

development 

(none) 
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Toxicodynamic effects 
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CHARACTER OF TOXIC ACTION 

Graded – dose-dependent 
      NOEL (No Observed Effect Level) 
 majority of toxic agents 
  determine 
 threshold dose 
  below which 
 Ø detectable response 
  above  
 dose-dependent response 
 
          Ø threshold dose 
 (genotoxic carcinogens) 
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Toxicodynamic effects 
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CHARACTER OF TOXIC ACTION 

The threshold dose is an important one in toxicology particularly in 
terms of the EXTRAPOLATION of toxic dosis 
  derived from relatively small scale animal experiments 
  the subsequent assessment of risk to man 
 
The NOEL is used in setting exposure limits: 
 ADI – Acceptable Daily Intake (pesticides)  
 
   NOEL mg/kg 
ADI =  
    SF 
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Toxicodynamic effects 
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TARGET POINT  
 
General cell poison  (acid, alkalis, As, Hg) 
 
Cell and tissue specificity 
  blood poison (CO - Hb) 
  nerve poison (Cl-CH - neuron) 
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Toxicodynamic effects 
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MODE OF DAMAGING  
 

Physical interaction with cell constituents 
 independent from  fine structure of chemicals 
     species 
 generally reversible 
 
  direct action 
  acids, alkalis – skin, mucous membrane 
  change of character 
  organic solvent – lipid phase of membrane 
  replacement of oxygen 
  gases – suffocation 
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 Toxicodynamic effects 
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MODE OF DAMAGING 
 

Chemical 
     chemical substance + component of body = specific reaction 
 (heavy metals – SH-group, Se   S) 
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Toxicodynamic effects 
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MODE OF DAMAGING 
 

Biochemical 
 chemical substance + enzyme 
 depends on  fine structure of the chemicals 
    species 
Physiologic 
 change of physiologic function of living organism 
 (nerve conduction velocity, body temperature, blood 
 pressure) 
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Toxicodynamic effects 
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SITE OF DAMAGING 

CELL MEMBRANE 
 
CELL METABOLISM 
 
CELL NUCLEUS 
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 Toxicodynamic effects 

 

 

 

58 
2014.06.11. 58 

DAMAGING OF CELL MEMBRANE 
 - NON-SPECIFIC 
 - SPECIFIC 

NON SPECIFIC 
 

  cell death  
  detergents, alcohol 
  peroxidation of membrane lipids/proteins 
  paraquat, carbon tetrachloride, Cu 
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Toxicodynamic effects 

  

 

 

DAMAGING OF CELL MEMBRANE 

SPECIFIC  selective damaging 
 

        ION CHANNEL 
  binding  changing the membrane potential 
           
             amino acid-receptor (GABA, glycine, glutamate) 
     change Cl-ion permeability 
  GABA-antagonist (Cl-CH) 
  inhibit the release of Cl  convulsion 
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Toxicodynamic effects 
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DAMAGING OF CELL METABOLISM 
 

ELECTRON TRANSPORT (mitochondrium) 
 1 inhibition of cellular respiration  
  inhibit ETC (NAD-NADH system +   
        blocking cytochrom oxidase 
     cytotoxic anoxia  (cyanide) 
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Toxicodynamic effects 
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DAMAGING OF CELL METABOLISM 
 

ELECTRON TRANSPORT (mitochondrium) 
 2 uncoupling of oxidative phosphorylation 
 uncouple ATP production without blocking ETC 
          free energy Ø storage  
    body temperature  (dinitro/chloro-fenol) 
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Toxicodynamic effects 
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DAMAGING OF CELL METABOLISM 
 
INHIBITION OF NUCLEIC ACID/PROTEIN SYNTHESIS 
  alteration in replication/transcription 
  normal structural/enzyme proteins depleted 
          (aflatoxin, organomercurials) 
 
INTERFERE WITH FAT MOBILIZATION 
  accumulation of it in the cell 
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Toxicodynamic effects 

 

  

 

 

 

63 
2014.06.11. 63 

DAMAGING OF CELL NUCLEUS 
 
DAMAGE OF DNA 
  mutation  mutagenic effect 
  tumour formation carcinogenic effect 
 
GENOTOXIC CHEMICAL SUBSTANCES 
 alkylating agents (ethylene imine, -propiolactone) 
 nitrosamines, PAH 
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Toxicokinetics 
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D o sa g e E ffe c ts

S ite

o f

A c t io n

P la sm a

C o n c e n .

P h a r m a c o k in e t ic

T o x ico k in e t ic s

P h a r m a c o d y n a m ic s

T o x ico d y n a m ic s
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Toxicokinetics 
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Chemical substances need to achieve an adequate concentration 
in their target tissues. If the concentration of the toxic chemical 
remains low in the target organ of toxicity, little or no toxicity will 
results, whereas if high concentrations are attained, toxicity will 
result. 

 
The two fundamental processes that determine the concentration 
of a chemical substance at any moment and in any region of the 
body are: 
– translocation of chemical molecules, 
– biotransformation by metabolism of chemical substance and 
other processes involved in elimination of chemical substance. 

 

Toxicokinetics 
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Absorption is the process of entry of chemical substance 
from site of exposure into systemic circulation. 
 

It is the first step in the toxicokinetics of a chemical 
substance. If the fraction of  the chemical substance 
absorbed in low or the rate of absoption is low, then only a 
low concentration of the chemical in the target organ may 
be obtained and thus no toxicity.  
 

The skin, lung, GIT are the main barriers that separate 
humans or animals from toxic substances. 
 

Chemical substances must cross one of these barriers to 
exert adverse effect on the body and then pass through 
various cell membrane. 

 
 

Toxicokinetics 
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environment 

 

cell membrane of the skin, lungs or GIT 

 

blood capillary membrane  

 

membranes within a tissue/organ 

 

organelle membrane e.g. mitochondria, nucleus 

 

 

Toxicokinetics 
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Toxicokinetics 

  

 

69 
69 

Transport across membrane 
 

Structure of membrane 
  phospholipids + proteins 
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Transport across membrane  
 

Main properties of membranes 
 

  Sensitivity to peroxidation  
   free radicals can damage the membranes 
 

  Selective permeability (semi-permeability) 
   certain compounds    pass through 

 

Toxicokinetics 
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Type of transportation 
   filtration 
   passive diffusion 
   active transport 
   facilitated diffusion 
   fagocytosis/pinocytosis 
 

Toxicokinetics 
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Transport across membrane 
 

Filtration 
 

A difference in concentration of molecules in physical 
space is called a concentration gradient. 

Toxicokinetics 
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Transport across membrane 
 

Passive diffusion 
 

   the most important transport 
   down a concentration gradient  
   influencing factors 
   thickness of membrane, surface size 
   concentration of toxic compound 
   lipid solubility 
   distribution coefficient, degree of  
   ionization 
 

   rate of diffusion = K . A (C2-C1)/d 

 

Toxicokinetics 
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Transport across membrane 
 

Passive diffusion 
 

   conditions 
   lipid soluble + non-ionized 
   energy source: concentration gradient 
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Transport across membrane 
 

Active transport 
 

 Energy demanding 
  molecules move against the concentration gradient 
  specific membrane carrier is required 
  metabolic energy (ATP) is necessary 
  may be inhibited by metabolic poison 
  nutrients 
 endogenous substances 
 ! but xenobiotics also  
 (lead) 
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Transport across membrane 
 

Facilitated diffusion 
 

specific membrane carrier is required  
 metabolic energy Ø 
 energy source: concentration gradient 
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Transport across membrane 
 

Phagocytosis („cell eating”)/Pinocytosis („cell drinking”) 
  phagocytosis results in the ingestion of particulate 
 matter from the extracellular fluid    
  macromolecules/insoluble particles (asbestos) 
  invagination  
  energy source: metabolic energy 
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Specific membrane 
 

 blood-brain-barrier (BBB) 
 - the capillary endothelial cells of the CNS are tightly joined 
 - the capillaries of the CNS are largely surrounded by glial cells 
 - the protein concentration in the interstitial fluid of the CNS is 
 much less than elsewhere in the body 
 

 placental barrier 
 

 secretion epithelium (udder) 
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The rate of transfer of chemical substances across cell 
membrane is dependent on their physico-chemical 
properties: 
  molecular size 
  lipid solubility (ethanol/water partition 
 coefficient) 
  ionization 
  polarity/charge 
  similarity to endogenous substances 
 

Toxicokinetics 
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Ionization 
 

Many chemical substances exist in solution in both the ionized and  
nonionized form. The ionized form is often unable to penetrate the cell 
membrane because of its low lipid solubility. 
 

The amount of a weak organic acid and base in the ionized form is 
dependent on its dissociation constant. The dissociation constant can  
be expressed as a pKa the pH at which an acid or base is 50% 
dissociated (nonionized=ionized). 
 

The degree of dissociation and ionization of a weak acid or base is 
dependent on the pH of the medium. When the pH of a solution is equal 
to the pKa of a compound, half the chemical exist in the ionized and half 
in the nonionized state. 
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Ionization 
 

The degree of ionization of a chemical substance depends both on its 
 pKa and on the pH of the solution in which it is dissolved, a relation 
 described by the Henderson-Hasselbalch equations: 
    [nonionized] 
For acids  pKa - pH = log [ionized] 
 

       [ionized] 
For bases pKa – pH = log      [nonionized] 
 
As the pH decreases, more of the acid becomes nonionized  diffuse across 
membranes. 
 

As the pH increases, more of the base becomes nonionized  diffuse across 
membranes. 



TÁMOP-4.1.2.A/2-10/1-2010-0012 

 

PROCESSES OF TOXIKOKINETICS 
 
   ABSORPTION 
   DISTRIBUTION 
   METABOLISM 
   EXCRETION 
 

Toxicokinetics 
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The GIT is one of the most important routes 
by which chemical substances are absorbed. 
Most chemical substances that are ingested 
by the oral route do not produce a systemic 
effect unless they are absorbed. 
Absorption can occur at any point along the 
GIT. 
Lipid soluble, non-ionized compounds can be 
absorbed along the whole lenght     passive 
diffusion. 
  

ABSORPTION 
GASTROINTESTINAL TRACT 
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If a chemical substance is a weak organic acid or 
base, it will tend to be absorbed by diffusion in that 
part of the GIT in which it exist in the most lipid-
soluble (nonionized) form.  
Since gastric juice is acidic, and the intestinal 
contents are nearly neutral  the lipid solubility 
can differ markedly. 
Weak organic acid nonionized in the 
stomachabsorbed in the stomach 
Weak organic acid ionized in the in intestine 
hardly absorbed in the intestine  

ABSORPTION 
GASTROINTESTINAL TRACT 
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 water soluble, small molecules filtration 
 water soluble, macromolecules carrier-mediated 

ABSORPTION 
GASTROINTESTINAL TRACT 

INFLUENCING FACTORS 
  the chemical substance may be altered by the acid, 
enzymes, or intestinal flora to form a new compound that may 
differ in toxicity from the parent compound (e.g.  snake venom) 
  alteration of GIT motility can affect the absorption of 
chemical substances (decreased motility  increase the overall 
absorption) 
  food (one metal can alter the absorption of another)  
 e.g. Cd Zn, Cu;  Zn Cu,  Mg F;  milk Pb  
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ABSORPTION 
GASTROINTESTINAL TRACT 

EXCRETION + RE-ABSORPTION RECIRCULATION 
   gastro-salivalis recirculation (Hg) 
   entero-hepatic recirculation (Cl-CH) 
   entero-pancreatic recirculation (Zn) 
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 large surface area (50-100 m2) 

 excellent blood supply  
 thin barrier 

ABSORPTION 
LUNG - AIRWAYS 

rapid absorption 
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ABSORPTION 
LUNG - AIRWAYS  
 gases, vapours, volatile liquids, aerosols 
the rate of absorption of gases is variable and dependent on the 
chemical substance’s blood:gas solubility 
    
liquid aerosol, if lipid-soluble, will readily cross the alveolar cell 
membranes by passive diffusion 
   
 solid particles (smoke, powder) 
  depends on size 
  < 1 m     absorb into blood    

  > 1 m     phagocytosis   
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NasopharyngealRegion 

5-30 µm 

Trachea 

Bronchi 

Bronchioles 

1-5 µm 

Alveolar Region 
 

1 µm 

The alveolar region is an area of the 
lung where chemical  
substances readily absorbed 
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ABSORPTION 
SKIN 
 

The skin is a relatively good lipoid barrier separating 
humans or animals from their environment. 
Some chemical substances can be absorbed through the 
skin in sufficient quantities to produce systemic effect. 
(e.g. nerve gases Sarin). 

In order to be absorbed through the skin, a chemical 
substance must cross several cell layers to reach blood 
vessels. 
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Phases of skin absorption: 
 

through the epidermis (rate-
limiting barrier) 
stratum corneum (thin, keratin-filled, 
dried cell layer  dead surface layer) 
  mainly lipid soluble substances 
can cross  
 

through the dermis (porous, watery 
diffusion medium) 

ABSORPTION 
SKIN 
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- The stratum corneum plays a critical role in 
determining cutaneous permeability.  

  intact 
 absorption limited 
  injured 
 increase permeability  
- Hydration of skin 
  the water increases the 
permeability of the stratum corneum 
- Site (thick on the palm and sole 400-600 m 

thin on the arms, back, legs, abdomen 8-15 m)  
 

ABSORPTION 
SKIN 
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DISTRIBUTION 
 

Movement of chemical substance from the systemic circulation 

(blood) to peripheral compartments (tissues) where the chemical 

substance is present. 
 

Distribution of a chemical substance from systemic circulation to 

tissues is dependent on the ability of the chemical substance to 

pass through the cell membrane of the various tissue (lipid 

solubility, ionization, molecular size), binding to plasma proteins, 

rate of blood flow and special barriers. 
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DISTRIBUTION 
 

BLOOD - BINDING 
 

Chemical substances are present in blood in: 
Free form: active, diffusible, available for biotransformation and excretion. 
Bound form: inert, non-diffusible, not available for metabolism, excretion  and entering 
the target organ to produce injury.  

 erythrocyte (Pb, organic Hg) 
   adsorption on surface 
   binding to component (Hb – CO) 
 plasma proteins 

   albumin (inorganic Hg, aromatic CH  

  Ca, Zn, Cd, I, Br)  
   globulin (small molecule: Cu, Zn, Fe) 
   + lipid soluble substance 
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DISTRIBUTION 
 

BLOOD - BINDING 
 

  CONSEQUENCES 
   cc. of free molecule  
   rate of tissue distribution  
   rate of excretion  
    
   time of onset  
   saturation of binding capacity may occur 
    cc. of free molecules  
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TISSUE DISTRIBUTION 
 
   across capillaries, membranes 
  by transport mechanisms 
  passive diffusion 
  specific transport systems (active  
  transport) 
  fagocytosis-pinocytosis 
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TISSUE BINDING   
STORAGE 
Selective distribution. 
Chemical substances are often concentrated in a specific tissue. 
   Pb   RBC, liver, bone 
   F   bone, tooth 
   Cu   liver 
   As   hair, bone 
   Se   horny matter 
   Cl-CH  fat tissue 
 

CONSEQUENCES 
   toxicity (protectiv mechanism) 
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REDISTRIBUTION  -  ACCUMULATION 
 

The distribution of a chemical substance in the body can 

change with time.   

Pb   RBC, liver (immediately after absorption) 

Pb    bone (90% a month after administration) 

highly lipophilic chemicals brain (well-perfused 

tissue) 

highly lipophilic chemicals fat (less well-perfused 

tissue)  

Toxicokinetics 
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FIRST PASS EFFECT 
 

After oral absorption of a chemical substance before 
entering the general blood circulation, it can be 
biotransformed by the gastrointestinal cells and the 
liver.  
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Metabolism = biotransformation 
 

The conversion of a chemical substance from one form to another  
by the actions of organisms or enzymes. 
  

The chemical structure and physicochemical properties of chemical 
substances are changed by the enzymatic metabolism. 
 

Biotransformations occur between absorption and elimination from 
kidneys. 
 

In general, enzymatic metabolism: transforms lipophilic parent 
chemical substances to more hydrophilic metabolites, which can be  
readily excreted into bile or urine.   

Toxicokinetics 
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Biotransformation can also result in bioactivation, which involves the  
production of reactive metabolites that are more toxic, mutagenic, or  
carcinogenic than their parent compound(s).  
 

Chemical substances may converted to: 
-less toxic metabolites 
-more toxic metabolites 
-metabolites with different type of effect or toxicity 
 

The body metabolise not only exogenous (foreign) substances but 
endogenous (internally created) substances too. 
 

Metabolism in the body can be divided into two different types of  
reactions:  Phase I reactions and Phase II reactions. 
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Potentially toxic chemical substance 

Inactive metabolite 

Relatively harmless chemical substance 

Reactive metabolite 

Detoxification Metabolic 
activation 
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METABOLISM 
Phase I reactions:  introduces or uncovers polar functional groups that 
provide sites for Phase II metabolism.  
  

Major classes of reaction: 
 - oxidation 
 - reduction 
 - hydrolysis 
 

Principal Phase I enzymes: 
 - Cytochrome P450 enzymes 
 - Flavin monooxygenases 
 - Monoamine oxidases 
 - Esterases 
 - Amidases 
 - Hydrolases 
 - Reductases, dehydrogenases, oxidases 
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Cytochrome P450 enzymes 
 

The most important metabolizing enzyme for chemical 

substances. 
 

Reaction type is mainly oxidation in the presence of oxygen or 

reduction under low oxygen tension.  
 

Located in the smooth endoplasmic reticulum of all major organs 

and tissues (especially liver, intestine, kidney, skin, brain). 
 

Overall reaction 

R-H + O2 + NADPH + H+R-OH + H2O + NADP+ 
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Cytochrome P450 enzymes 
 

Substrate specificity is very low. 
 

Attributes 
– Genetic Polymorphism 
– Enzyme Induction 
– Enzyme Inhibition 
 

Multiple CYP gene families have been identified in humans, and 
the categories are based upon protein sequence homology. 
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Polymorphic enzymes 
 

Cytochrome P450 Enzymes: 
◦CYP 2D6 
◦CYP 2C19 
◦CYP 2C9 
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• CYP 2D6 in Caucasians: 
 

◦   PM: 7%  
◦   IM: 40% 
◦   EM: 50% (normal metabolizers) 
◦   UM: 3% 

 

• CYP 2C19 in Caucasians: 
◦   PM: 3% 
◦   IM: 27%  
◦   EM: 70% (normal metabolizers) 

 

Kirchheiner J, Nickchen K, Bauer M, et el. Mol Psychiatry 2004 May; 9 (5):442-73.  
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CYP1A1 
 - Metabolizes PAHs 
 - PAH-inducible 
 - Ubiquitous 

 - Expressed in utero, even 12-h ovum 
   

CYP1A2 
 - Metabolizes aryl and alkyl amines 
 - PAH-inducible 
 - Not detectable until neonatal period 
 

Toxicokinetics 
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General rule of big pharma 
 
Any candidate drug that shows inducibility of 
CYP1A1/1A2/1B1 is regarded as hazardous, potentially 
cancer-causing. 
 
Such candidate drugs –– usually abandoned 
immediately, without further cost to the company. 
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Flavin monooxygenases 
  

• Flavoprotein  
• Mixed-function amine oxidase  
• Located in smooth endoplasmic reticulum in human, 
rabbit liver, guinea-pig lung, human kidney 
• Uses NADPH as a source of reducing equivalents 
• Not inducible 
 

Overall reaction 
 R-H + O2 + NADPH + H+R-OH + H2O + NADP+ 
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Monoamine oxidases 
  

• Metabolizes endogenous monoamine 
neurotransmitters   
• Found in the endoplasmic reticulum and in 
mitochondria, of nerve endings and liver  
• Uses NADPH as a source of reducing equivalents 
 

Overall reaction 
 R-H + O2 + NADPH + H+R-OH + H2O + NADP+ 
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Esterases 
 

Hydrolyse esters to carboxylic acid and alcohol 
functional groups.    
Non-specific esterases in plasma, more substrate-
specific forms in liver cytosol.  
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Amidases  
 

 Hydrolyse amides to carboxylic acids and amines (or 
ammonia).    
Found in plasma and in  liver cytosol.  
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Hydrolases  
  

Hydrolyse ethers. 
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Reductases, dehydrogenases, oxidases 
 

Found in cytosol, endoplasmic reticulum, 
mitochondria.  
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METABOLISM 
 

Phase II reactions 
 

Functional group or metabolite formed by phase I is masked by 

conjugation with natural endogenous constituent as glucuronic 

acid, glutathione, sulphate, acetic acid, glycine or methyl group. 
 

These reactions usually result in chemical substance  inactivation 

with few exceptions e.g. morphine-6-conjugate is active. 
 

Phase II reactions usually occur after Phase I but can also take 

place earlier than Phase I. 

Toxicokinetics 
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Phase II Metabolism requires the presence of a 

reactive group: 
- Hydroxyl group (R-OH) 

- Amino group (R-NH2) 

- Carboxyl group (R-COOH) 

- Epoxide group (R1-COC-R2) 

- Thiol group (R-SH) 

- Halogen group (R-X) 

- Electrophiles 

- Some others 
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Conjugation by Glucuronides 

Most common endogenous conjugating agents in the body react 
with xenobiotics through the action of uridine diphosphate 
glucuronic acid (UDPGA - cofactor). 
 

Group transferred glucuronic acid.  
 

Transfer is mediated by UDP glucuronosyl transferase enzymes. 
 

Found in microsomes in liver, kidney, intestine.  
 

In liver, conjugated metabolites typically excreted into bile.  
 

Cats are deficient in glucuronosyl transferase. 
 

Bilirubin is an endogenous substrate. 
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Glucuronosyl Transferase Substrates 
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Conjugation by Glucuronides 
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UDPG transferase reaction sequence 
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Conjugation by Glutathione 

Group transferred glutathione. 
 

Cofactor glutathione (tripeptide - glycine, glutamic acid, cysteine). 
 

Transfer is mediated by glutathione S-transferase enzymes.  
 

Primarily  cytosolic dimeric proteins found in liver, some 
microsomal. 
 

Conjugates with a wide variety of xenobiotic species, including 
alkenes, alkyl epoxides (1,2-epoxyethylbenzene), arylepoxides 
(1,2-epoxynaphthalene), aromatic hydrocarbons, aromatic 
halides, alkyl halides (methyl iodide), and aromatic nitro 
compounds. 
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Conjugation by Glutathione 
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Examples of Glutathione S-Transferase Substrates 



TÁMOP-4.1.2.A/2-10/1-2010-0012 

 

Toxicokinetics 

 

 

12
8 

Conjugation by Sulfate  

Group transferred sulfate. 
 

Cofactor PAPS (3'-phosphoadenosine-5'-phosphosulfate). 
 

Types of substrate: phenols, alcohols, aromatic amines. 
 

Transfer is mediated by sulfotransferase enzymes (primary 
cytosol). 
 

Toxic sulfate conjugate (the sulfate conjugate of N-
hydroxyacetyl-aminofluorene is thought to be the proximate 
carcinogen in the case of this compound). 
 

Pigs and opposums are deficient in sulfate conjugation. 
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Conjugation by Sulfate 

Structure of PAPS 
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Conjugation by Sulfate 
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Example of Toxic Sulfate Conjugate 
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Conjugation by Acetylate  
Group transferred acetyl. 
Cofactor Acetyl Coenzyme A.  
Transfer is mediated by N-acetyltransferase enzymes (primary 
cytosol). 
Types of substrate: amines (amine is converted into amide). 
Sometimes acetyl conjugation occurs to detoxify substances (e.g. 
anilines) that could further produce other harmful metabolites! 
Two types of acetylation reactions occur:  
- one involves an activated conjugating intermediate, acetyl CoA, 
and the xenobiotic. The reaction is referred to as acetylation. 
- the second type involves the activation of the xenobiotic to an 
acyl CoA derivative, which then reacts with all amino acid to form 
an amino acid conjugate. 
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Conjugation by Acetylate 

Structure of Acetyl coenzyme A 
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Amino Acid Conjugation   

Cofactor glycine or glutamine. 
 

Amino acid conjugation occurs for a variety of carboxylic acids 
and the result is the formation of an amide bond to an amino 
acid, usually glycine or glutamine. 
 

Transfer is mediated by Acyl CoA glycinetransferase 
(glutaminetransferase) enzymes (primary mitochondria). 
 

Glycine is the most common conjugating amino acid in mammals. 
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Amino Acid Conjugation   
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Amino Acid Conjugation   
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Conjugation by methyl group  

Group transferred methylate. 
 

Cofactor S-adenosyl-methionine. 
 

Transfer is mediated by transmethylase (primary cytosol). 
 

Types of substrate: phenols, amines.  
 

It is a common but generally minor pathway of xenobiotic 
metabolism. 
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Conjugation by methyl group 

Structure of SAM 
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Conjugation by methyl group 
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ENZYME INDUCTION 
 

Results from repeated exposure to certain chemical substances. 
 

The result of induction is an increase in the amount of an enzyme 

or isoenzyme. 
 

Marked increase in rate of metabolism of chemical substance . 
 

Depending on the role of metabolism in the toxicity of a chemical 

substance therefore, enzyme induction may increase or decrease 

in the toxicity of the chemical substance. 
 

May also increase the metabolism of other chemical substance 

taken concurrently. 
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Ah-locus mediated induction 

Induction by inducing the biosynthesis of the enzyme 
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Stabilization of CYP2E1 by active site occupation. 
Inducer and substrate are I and S, respectively,  and CYP2E1 is represented by 
the shaded block.  
 

Competitive inhibition of CYP2E1 occurs as the inducer binds to the active site, 
blocking substrate access.  
 

As a consequence of binding, CYP2E1 accumulates due to stabilization.  
 

As the inducer is removed, substrate regains access to the active site, and the 
metabolism of substrate is enhanced.  
 

Induction by stabilization 
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Induction of CYP1A1 
 

TCDD binds to cytosolic AHR, releasing HSP90. 
 

Complex moves to nucleus where it dimerizes with 
ARNT, exposing DNA binding motif. 
 

Complex binds to DRE in 5’-flanking region of CYP1A1 
gene, markedly (100-fold) increasing transcription. 
 

mRNA transported to the ribosome and protein made. 
 

Heme added and protein inserted into ER. 

 

Toxicokinetics 

 

14
3 



TÁMOP-4.1.2.A/2-10/1-2010-0012 

 

ENZYME INHIBITION 
 

Some chemical substances can block P450 enzyme isoforms that 
metabolize other chemical substances (Grapefruit juice - CYP 3A4 
inhibitor; fucocoumarins). 
 

Depending on the role of metabolism in the toxicity of a chemical 
substance therefore, enzyme induction may increase or decrease 
in the toxicity of the chemical substance. 
 

Unlike induction, enzyme inhibition usually begins with the first 
dose of the inhibitor. 

 

Toxicokinetics 
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Enzyme inhibition may be divided into several types 
involving: 
 

– interaction of the chemical substance with the active site of the 
enzyme (OP) 
 

– competitive inhibition by two different compounds at the same 
enzyme active site as with ethylene glycol and ethanol 
 

– destruction of the enzyme as in the case with carbon 
tetrachloride 
  

– reduced synthesis as with cobalt 
 

– lack of cofactors such as glutathione 

 

 

Toxicokinetics 
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Factors affecting metabolism 
 

1. Chemical substances 
2. Genetics variation 
3. Nutritional state 
4. Dose 
5. Age 
6. Gender 
7. Disease state  
8. Route of administration 
 

 

Toxicokinetics 
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Excretion is the process by which a chemical substance 
or metabolite is eliminated from the body. 
 

Only free unbound chemical substance or metabolite is 
available for excretion. 
 

Chemical substances are eliminated from the body by 
various routes. 

 

 

Toxicokinetics 
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Toxicokinetics 

  

14
8 

Renal (kidney) excretion is the primary removal mechanism 
for chemical substances. 
 

Renal excretion is the result of three processes: 
- passive glomerular filtration  
- active tubular secretion in proximal tubules  
- passive tubular re-absorption (diffusion) 
 

Unchanged- metabolites 
 relatively small (< 100 molecular weight), water soluble 

EXCRETION 
URINE - KIDNEY 
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Toxicokinetics 
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INFLUENCING FACTORS 
   urinary pH (change in urinary pH affect excretion) 

   rate of urinary flow 
    high fluid intake   facilitate  
   excretion 
 

   kidney function 
  age, disease, simultaneous administration 
  of other damaging compound 
    functional – morphological changes 
      elimination  

EXCRETION 
URINE - KIDNEY 
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The liver is the main site of biotransformation of chemical 

substances, the metabolits may be excreted directly into bile.  

 large, polar substances (> 300 molecular weight) 

EXCRETION 
BILE - LIVER 

COMPOUND Molecular 
weight 

% of total excretion 

urine faeces 

Biphenyl 154 80 20 

Monochlorobiphenyl 188 50 50 

Dichlorobiphenyl 223 34 66 

Pentachlorobiphenyl 326 11 89 

Hexachlorobiphenyl 361 1 99 
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active gland process  
may be saturated 
Once a compound is excreted into bile and enters the 
intestine, it can be eliminated with feces. 
 colon (Hg, Fe, Bi) 
 saliva (Hg, Bi) 
 contact with gut bacteria 
   more lipid soluble compounds    reabsorption 
   enterohepatic circulation 

EXCRETION 
BILE - LIVER 
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Chemical substances that exist predominantly in the gas phase at 
body temperature are excreted by the lungs.  
Volatile liquids in equilibrium with their gas phase may also be 
excreted via the lungs. Elimination of foreign gases is nearly 
inversely to the rate of gas uptake. Gases with low solubility in 
blood are rapidly excreted. 
  chemical substances are eliminated by diffusion from 
 the blood into the alveolus 
  characteristic odor 
   cyanide    almond 
   phosphorous  garlic 
   hemlock  mouse-like 

EXCRETION 
LUNGS 
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Appearance of chemical substances in feces  can be due to a 

number of factors: 

- the chemical substance was not completely absorbed after 

oral ingestion 

- it was excreted into bile 

- it was secreted in saliva, in gastric or intestinal secretory 

fluid, or in pancreatic secretion  

- it was secreted by the respiratory tract and then swallowed 

EXCRETION 
GIT 
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155 

 lipid soluble compounds (OC, dioxin, PCB, Se, As) 

 poisoning source  

  nursing child 

  food-toxicological importance  PUBLIC HEALTH! 

EXCRETION 
MILK 

  lipophilic   egg yolk 
  hydrophilic  white of egg 
   PUBLIC HEALTH PROBLEMS ! 
   EXTINCTION OF WILD BIRDS ! 

EXCRETION 
EGG 
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I. PHYSICO-CHEMICAL PROPERTIES OF CHEMICAL 
SUBSTANCES 
 

1. LIPOPHILICITY 
 

Major importance for absorption + other phases of disposition 
  lipophilic   more readily absorb across membrane  
              more readily able to distribute  
 
 BUT ! excretion (kidney)  water solubility 
 
 major factor in toxicity  special membrane  
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2. MOLECULAR SIZE AND WEIGHT 

 
Also of great importance in each phase of disposition 

 

ABSORPTION 

  Small lipophilic molecule (generally, GI, skin) 
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2. MOLECULAR SIZE AND WEIGHT 
 

EXCRETION 
  Determine route of excretion 

Chemical substance 
Molecular 

weight 

Rate of excretion (%) 

urine faeces 

Biphenyl 154 80 20 

Monochlorobiphenyl 188 50 50 

Dichlorobiphenyl 223 34 66 

Pentachlorobiphenyl 326 11 89 

Hexachlorobiphenyl 361 1 99 
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3. CHEMICAL STRUCTURE 
 
CHANGES OF STRUCTURE 
  minor changes  modify biologic action, toxicity 

  Organophosphates O    -    S  
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3. CHEMICAL STRUCTURE 
 

CHANGES OF STRUCTURE 
 

  Bipiridyl  paraquat  diquat 
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3. CHEMICAL STRUCTURE 
 

CHANGES OF STRUCTURE 
 

Allotropic  
 yellow phosphorous   red phosphorous Ø 
 

Isomerization  
   ciss  trans (resmethrin) 
  LD50 :      100 8000 mg/kg b.w. 
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4. IONIZATION 
 

degree of ionization 
   basicly affects toxicity 
  non-ionized  lipophilic  
  ionized  hydrophilic 
 

MODIFY MEMBRANE TRANSPORT 
 

QUICKEN the ELIMINATION 
  salicylic acid-derivatives 
  dissociated in alkaline pH  Ø reabsorption 
  strychnine (alkaloids), barbiturates 
  acidification  Ø reabsorption 
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II. BIOLOGICAL PROPERTIES OF ORGANISM 

1. SPECIES 

ANIMAL SPECIES RELATIVE 
SENSITIVITY 

Man 1.0 

Horse, swine 0.5 

Cattle, sheep, goat 0.3 

Dog 0.2 

Rat 0.1 
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1. SPECIES 
 

SENSITIVITY  
  thalidomide animal  human   

ANIMAL SPECIES LD50 (mg/kg) 
Guinea-pig 0.5-2 

Rat 22-100 

Mouse 114-284 

Rabbit 10-115 

Chicken 25-50 

Rhesus monkey < 70 

Dog > 30-300 

Hamster 5051 

DIOXIN 
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1. SPECIES 
 

ANATOMICAL differences  
 GI lenght and parts of GI 
 dog short, efficient digestive tract 
 absorption more rapid, completed 
   > herbivora 
 SKIN cat > dog 
  more permeable to OP 
 VOMITING !!! 
 horse, rat, rabbit   unable to vomit 
    anatomical – physiologic  
          toxic effect  
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1. SPECIES 
 

PHYSIOLOGIC differences 
  plant  ruminants Ø 
  metals  ruminants  
  gase  birds  
  kidney capacity:  bird < mammals 
 
  CAT  METABOLISM differences 
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1. SPECIES 
 

METABOLISM 
  „relative” deficiency – enzyme deficiency 

SPECIES PHENOL CONJUGATION (% total) 

GLUCURONIDE SULFATE 

CAT 0 87 

Man 23 71 

Rat 25 68 

Rabbit 46 45 

Guinea-pig 78 17 

SWINE 100 0 
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1. SPECIES 
 

METABOLISM 
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1. SPECIES - STRAIN 
 

OP Brahman cattle > Hereford cattle 
 

Thiourea i.p. LD50 (mg/kg)  
 rat strains 
Hopkins: 4  <  Harward: 44  <  Norway rat: 1340-1840 
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2. SEX 
  

 MALES  

      metabolize more rapidly 

   results in lower toxicity 

   metabolize  more toxic metabolite 

      higher toxicity 
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3. AGE 
 

YOUNG – GERIATRIC individuals  
   more sensitive 
   metabolizing activity 
   plasma-protein binding capacity   
   less efficient 
    
  parent chemical   more toxic 
 

 ! Converse is also true 
  require metabolic activation for toxicity 
     less toxic 
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4. HEALTH STATUS 
 

LIVER, KIDNEY function 
 hepatic/renal disease  susceptibility 
    
CONDITION  
 fat tissue  storage  toxicity  
    starvation  lipolysis  
     re-distribution (OC) 
     + toxicity   
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III. ENVIRONMENTAL AND OTHER PROPERTIES 
 

1. FOOD - WATER 
Composition – nutritional status 
   influence disposition, toxicity 
 

DISADVANTAGE 
 HIGH FAT (LIPID)-content  

   dissolving, absorption  
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1. FOOD - WATER 
 

DISADVANTAGE 
  

  PROTEIN INSUFFICIENCY diet  
    microsomal enzyme activity 
    level of plasma proteins (binding) 
 

  MINERAL/VITAMIN DEFICIENCY  
    metabolism 
 

  STARVATION  
    supply of essential cofactors (sulphate,  
  glutathione) 
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1. FOOD - WATER 
 

DISADVANTAGE 
  
  WATER  
   insufficient – deprivation 
   possibility of poisoning (NaCl) 
   
   source of poisonings 
  fertilizers, industrial emission etc. 
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2. ENVIRONMENT 
 

TEMPERATURE  
 

SUNSHINE – DIRECT SUNLIGHT  
  facilitate the degradation (OP) 
 

HUMIDITY  
  destroy during storage 
 

pH    
 

MICROBIAL ACTIVITY   
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Definition of Teratology 
 

The study of abnormal development in embryos and 
the causes of congenital malformations or birth 
defects. 
 

– Structural malformation 
– Growth retardation 
– Functional disorder 
– Death of the organism  

 

17
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Teratogenicity 
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Malformation 
 

Congenital malformation are structural defects present 
at birth. They may be gross or microscopic, on the 
surface of the body or within it, familiar or sporadic, 
hereditary or nonhereditary, single or multiple. 
(Warkany, 1947). 
 

A major congenital anomaly is one that is incompatible 
with survival, is life-threatening, or seriously 
compromises an individual´s capacity to function 
normally in society (Otake et al., 1990). 
 

Teratogenicity 
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Functional disorders 
  

• Inborn errors of metabolism  
• Physiological disturbances  
• Mental retardation  
• Cellular and molecular abnormalities  
 
 

Teratogenicity 
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Congenital defects are the #1 cause of 
death in infants. 
 

Observed in 3% of newborns. 
 

Observed in another 3% of children later. 
 

May or may not be outwardly visible. 
 

Etiology: genetic and environmental. 
 

Teratogenicity 
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Factors influencing teratogenicity 
 
 - Genetic susceptibility  
 

 - Gestational timing 
 

 - Frequency and duration of exposure 
 

 - Nature of the agent (specificity)  
  

 - Dose  
 

Teratogenicity 
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Genetic susceptibility 
 
Different in genotype  different in sensitivity 
– species, breed, phylum…  
 

• Differences in metabolic pathways and products. 
• Anatomical differences (humans 1, rodents and rabbits 
2). 
 

Acetylsalicylic acid (humans Ø, rodents). 
Thalidomid (humans, rodents Ø ). 
 

Teratogenicity 
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Gestational timing 
 
The total period of intrauterine development can be 
divided into three parts.  
  
1. Preimplantation 
- Begins when egg is fertilized in the fallopian tube. 
- Period of rapid cell division. 
- Ends 2 weeks later when the zygote is implanted in the 
wall of the uterus. 
- „All or none” phenomenon. („All”  early aborts, 
„None”  reorganisation (cell division)  healthy 
newborn. 
 

 

Teratogenicity 
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Gestational timing 
 
 

2. Organogenesis 
- From 3 to 8 weeks after conception. 
- Body parts are formed during this period. 
- In general it can still be said that this period is one of great 
vulnerability. The teratogens can damage the embryo, leading to 
defective development or even death. Each organ system also has 
its own critical period when it is most vulnerable.  
- The period of maximum sensitivity to a teratogen corresponds to 
the ‘critical period of organogenesis: during early organogenesis, 
malformations of the CNS, eyes and limbs occur; later in 
organogenesis, the ears, external genitalia, teeth and palate are 
affected.   
 

Teratogenicity  
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Gestational timing 
 

3.  Foetogenesis (foetal development) 
- From 9 weeks after conception to birth. 
- Increase in size and systems begin to function. 
- This is the longest part of prenatal development. The foetus 
becomes less susceptible to teratogenic effects. 
- During subsequent histogenesis and functional maturation, 
structural tissue defects and/or functional loss (growth/CNS 
abnormalities and behavioural effects), plus growth retardation 
as a consequence of general cell necrosis are common. 

 

Teratogenicity 
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Frequency and duration of exposure 
 
In case of a continuous exposure of a teratogenic agent 
the abnormalities, connecting with the main parts of 
intrauterine development appear cumulatively.  

 

Teratogenicity 
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Nature of the agent (specifity) 
 

The site of action of the teratogens are different in the 
organism.  
 

different types of teratogens 
 similar abnormalities  given during the same critical period 
same teratogens 
 at different times  different effects 
 

Thalidomid – phocomelia  
Hypervitaminosis A – spina bifida, eye deformities, cleft palate  
Warfarin – skeletal and CNS abnormalities  
Alkohol – FAS 
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Dose 
 

Exposures to teratogenic agents only result in 
teratogenic effects when a certain threshold dose has 
been exceeded. 
 

For every teratogen there is a level of exposure below 
which no adverse effect to the embryo occurs, known 
as the ‘no observable effect level’ (NOEL); above this 
threshold, teratogenic effects steadily increase in a 
dose-response relationship. 
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Increasing doses 
– ineffective  teratogenic effect (malformation, 
growth retardation)  fatal to embryo   maternal 
toxicity  fatal to mother. 
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Karnofsky’s Law: 
 

„ Anything can be teratogenic if given in the right dose, 
to the right species, at the right time.” 
 
This may well explain the inclusion of various everyday substances, which are essential 
for life itself, in the list of teratogens in ‘Dangerous Properties of Industrial Materials@ 
(Lewis, 1989). These include drinking water (Turbow et al., 1971) and table salt 
(Nishimura and Miyamoto, 1969); oxygen; sugars in the form of sucrose and lactose; 
palm oil, corn oil and nutmeg oil; other naturally occurring food constituents such as 
cholesterol and papain (prevalent in pineapples); vitamins such as A, D2, K, B7 and B12 
(the B vitamins are frequently found in pregnancy supplements); naturally occurring 
and essential hormones such as estradiol, progesterone and various prostaglandins; 
the amino acid methionine, and the DNA constituent adenine. 
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CAUSES OF CONGENITAL MALFORMATIONS 
 

I. Anomalies caused by genetic factors ( 20%) 
- Chromosomal abnormalities 
- Single gene defects 
 

1. Chromosomal abnormalities 
 

- Numerical chromosomal abnormalities  
Down syndrome (21), Edwards (18), Patau (13), Turner 
(X0), Klinefelter (XXY). 
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Down syndrome is caused by non-disjunction of the 
21st chromosome during meiosis. As a result, the child 
has three 21st chromosomes instead of the normal two. 
Symptoms: characteristic facial features, congenital 
heart disease, growth retardation, and mental 
retardation. 
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Monosomy of the X-chromosome is referred to as 
Turner syndrome. Turner syndrome is a rare, exclusively 
female disease. Because Turner syndrome affects one of 
the X chromosomes in women, girls affected with this 
condition often also experience delayed and 
underdeveloped sexual characteristics, as well as 
infertility.  
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1. Chromosomal abnormalities 
 

- Structural chromosomal abnormalities   
translocations (exchange of material between 
chromosomes), inversions, deletions or duplications - 
Cri du chat syndrome. 
 

 

2. Single gene defects  
Achondroplasia, Fragile-X syndrome. 
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Teratogenicity 

 
Cri du chat syndrome is one of the more 
common deletion syndromes, involving the 
short arm of chromosome 5. 
The syndrome gets its name from the 
characteristic cry of affected infants, which is 
similar to that of a meowing kitten, due to 
problems with the larynx and nervous system.  
Other symptoms: low birth weight and poor 
growth, behavioral problems such as 
hyperactivity, aggression, unusual facial 
features which may change over time.  

Facial features of a child with Cri du Chat syndrome  
at age of 8 months (A), 2 years (B), 4 years (C)  
and 9 years (D).  
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Achondroplasia is a disorder of bone growth.  
All persons with achondroplasia are little people. The 
average height of an adult with achondroplasia is 131 
cm in males and 124 cm in females. 
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Fragile X syndrome is associated with the FMR1 gene, which is on 

the X chromosome. Mutations in the FMR1 gene cause fragile X 

syndrome. The FMR1 gene provides instructions for making a 

protein called fragile X mental retardation 1 protein. This protein 

likely plays a role in the development of synapses, which are 

specialized connections between nerve cells. 

•The severity of the condition varies and a child may have slight 

learning disabilities, autism or severe mental retardation.  
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II. Anomalies caused by environmental factors 
(3-9%)  

 

1. Intrauterine infections (2-3%) 
– Rubella virus  

– Cytomegalovirus  

– Herpes simplex virus 

– Varicella-Zoster virus 

– Epstein-Barr virus 

– Parvovirus B19, 

– Toxoplasma gondii   

– Treponema pallidum 
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Teratogenicity 

Rubella Syndrome 
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In the past, the most common intrauterine infection 
with a teratogenic agent was rubella. Rubella cases drop 
after vaccination starts. 
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Cytomegalovirus is the leading viral cause of congenital 
abnormalities. 0.2-2% of all infants are infected in utero. 
10% of these will develop brain damage. 
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II. Anomalies caused by environmental factors 
(3-9%) 
  
2. Maternal metabolic disorders (1-2%) 
 

– Diabetes mellitus (congenital heart disease, renal, 
gastrointestinal, and central nervous system malformations) 
  

– Hyperthermia (spina bifida and anencephaly) 
  

– Phenylketonuria (mental retardation, low birth weight, and 
congenital heart disease)  
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II. Anomalies caused by environmental factors 
(3-9%)  
 

3. Ionizing radiation (1-2%) 
 

– Growth retardation 
 

– Congenital malformation (microcephaly, microphtalmia, spina 
bifida, mental retardation, cleft palate..) 
 

– Embryonic, fetal or neonatal death 
 

– Delayed toxic effect (increased incidence of cancer – leukemia)  
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Embryo is radiosensitive. Embryonic cells have high rates 
of cell division and cell differentiation. 
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II. Anomalies caused by environmental factors 
(3-9%) 
  

4. Drugs (1%) 
– Anticonvulsants (Trimethadione, Valproic acid)  
– Antimicrobial agents (Tetracycline) 
– Anti-cancer chemotherapeutic agents (Cyclophosphamide, 
Aminopterin, Methotrexate) 
– Oestrogens (Diethylstilbestrol) 
– Antimalarial agents (Quinine) 
– Sedatives (Thalidomide) 
– Anticoagulant (Warfarin) 
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Valproic acid was released in 1967 in Europe and in 
1978 in the United States to treat epilepsy. 
 

Approximately 11,500 epileptic women become 
pregnant each year, many of which use valproic acid.  
 

By 1980, publications began linking malformed children 
to in utero exposure to valproic acid (greater than 500 
mg/day).  
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These children were born with lumbosacral spina bifida with 
menigomyelocele or meningocele, often accompanied by 
midfacial hypoplasia, deficient orbital ridge, prominent 
forehead, congenital heart disease and decreased postnatal 
growth. The proposed mechanism of action is that valproic 
acid influences folate metabolism, thereby altering the 
closure of the spinal column resulting in spina bifida.  
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On October 1, 1957, Chemie Grünenthal introduced 
Thalidomide as sedative (sleeping pill). 
It became popular as both a sedative and a morning 
sickness treatment during pregnancy. 
3rd best selling drug in Europe. 

 

Teratogenicity 
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Unfortunately molecules of the thalidomide chemical 
crossed the placenta and disrupt the growth patterns of 
the growing embryo. 
10000 to 12000 infants were affected. 

 

Teratogenicity 
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Teratogenicity 

 

 
Phocomelia 
 

Amelia = absence of limbs 
Phokos = seal 
Phocomelia = seal limbs 
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Teratogenicity 

 

 
Warfarin is a synthetic derivative of coumarin, a chemical 
found naturally in many plants (sweet clover..). 
It decreases blood coagulation by interfering with vitamin K 
metabolism. 
Inhibits biosynthesis of vitamin K-dependent zymogens 
 

 Prothrombin 
 Factor VII 
 Factor IX 
 Factor X 
 Protein C 
 Protein S 

procoagulant 

anticoagulant 

Yellow Sweet Clover  
(Melilotus officinalis) 
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Teratogenicity 
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Warfarin is used to prevent thrombosis (clots) and 
embolism in many disorders.  
 

It was initially marketed as a pesticide against rats and 
mice and is still popular for this purpose. A few years 
after its introduction, warfarin was found to be effective 
and relatively safe for preventing thrombosis and 
embolism in many disorders.  
 

It was approved for use as a medication in the early 
1950s and has remained popular ever since. 
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II. Anomalies caused by environmental factors 
(3-9%)  
 

5. Environmental chemicals (4%) 
– Dioxin 
– Heavy metals: Pb, Cd, Hg 
– Abusus drugs: cocaine, heroine   
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Fetal Minamata Disease 
 

In 1955 in the Minamata Bay area of Kyushu, 

Japan, there was a large influx of cases of 

severe neurological disorders in newborn 

children. Some villages had 6-12% of their 

newborns affected.  
 

In 1959, it was found that mercury was being 

dumped into the bay by a plant of the Chisso 

Corporation. 
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Inorganic mercury from Chisso plant discharge into 
downstream bay, converted by bacteria into methyl 
mercury. 
It is concentrated in the flesh of fish. 
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Children with Congential Minamata Syndrome seem to be normal 
at birth and begin to present symptoms at approximately six 
months of age. They have instability of the neck, convulsions, 
reduced IQ, microcephaly, malformed limbs, restricted growth 
and an altered cerebellum. In utero exposure to methyl mercury 
induces general brain atrophy and hypoplasia.  
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III. Anomalies caused by multifactorial or 
unknown factors (65-75%)  
 

Many birth defects are caused by a combination 
of genetic and environmental factors. These 
conditions are said to have multifactorial ("many 
factors") inheritance.  
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Fetal Alcohol Syndrome is 
among the most commonly 
known causes of mental 
retardation and is a major 
public health problem.   
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Historical view of alcohol as a 
teratogen 
 

„Foolish, drunken, or harebrain 
women most often bring forth 
children like unto themselves „                                      
   
 Aristotle in Problemata 
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FAS 
• Specific pattern of facial features 
• Pre- and/or postnatal growth deficiency 
• Evidence of central nervous system dysfunction 
(degeneration) 
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Mutation  
Damage/chemical modification of genetic components 
(DNA or chromosome) of the cell. 
 

Mutagen 
Physical or chemical agent that interacts with DNA to 
cause a mutation, so the resulting mutation is induced, 
not naturally occurring and usually at much higher 
frequency. 

 

Mutagenicity 
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Genotoxic agents 
 

1. DNA reactive chemical substances 
 

-base analogues (e.g. 5 bromouracil) 
 

-covalent bonders (alkylating agents, bulky adducts) 
 

-oxidative chemical agents (free radicals can damage 
DNA) 
 

-intercalators (e. g. acridine, ethidium bromide, 
proflavin) 
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2. Physical mutagens 
 

High-energy ionizing radiation:  x-rays and g-rays  
strand breaks and base/sugar destruction (cause 
extensive chemical alterations). 
 

Nonionizing radiation: UV light thymine dimers from 
adjacent. 
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Types of mutagens 
 
 

 Primer 
  act directly (parent molecule) 
 (alkylating agents) 
 
 

 Secundaer 
  become mutagens after metabolism 
 (benzpirene, nitrosamines) 
 

 

Mutagenicity 

 

23
9 



TÁMOP-4.1.2.A/2-10/1-2010-0012 

 

Mutagenicity 

 

24
0 



TÁMOP-4.1.2.A/2-10/1-2010-0012 

 

Types of mutation 
 

      Gametic 
  occur in germ cells 
   realise in offspring (somatic + germ cell) 
   lead to birth effect 
  spread in the population 
 

      Somatic 
  occur in somatic cells 
   realise within the body 
    forming cancer 
  discontinue with death 
 

Mutagenicity 
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Types of mutation 
 

Spontaneous mutations 
Happen naturally, not as a result of any specific agent(s). 
Replication errors or base modification as a result of chemicals 
(endogenous) naturally present in the cell (oxygen, acids, etc.). 
 

Induced mutations 
Mutations that result from the influence of an extraneous factor. 
X-rays, UV light, chemicals not of cellular origin. 
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Mutagenicity 
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Types of mutation 
 

Classification based on phenotypic effects 
 

Loss of function mutation 
Eliminates the function of the gene product. 
Also called null mutations or gene knockouts. 
 

Gain of function mutation 
Give gene product a new function. 
Generally a dominant allele. 
Can give a protein a new function or cause a regulatory effect to 
express old protein at new time or under new conditions. 
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Types of mutation 
 

Classification based on phenotypic effects 
 

Nutritional or biochemical effect 
Microbial auxotrophs. 
 

Behavioral mutation 
Mating behavior or circadian rhythms. 
 

Regulatory mutation 
E. coli lac operon operator/promoter region. 

 

Mutagenicity 
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Types of mutation 
 

Classification based on phenotypic effects 
 

Lethal mutation 
Loss of essential function. 
 

Conditional mutation 
Temperature sensitive mutations. 
 

Neutral mutations 
Commonly occur in non-gene portion of genome and have no 
effect on gene product/function, not selected for or against. 

Mutagenicity 
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POINT MUTATION 
 

I. A single base change 
 

1. Transition 
Purine or pyrimidine is replaced  by the other.   
AG ;T C 
 

2. Transversion   
A purine is replaced by  
a pyrimidine or vice verse. 
 A T or C  T  A or G 
 G T or C  C  A or G 

 

Mutagenicity 

 

24
6 



TÁMOP-4.1.2.A/2-10/1-2010-0012 

 

Mutagenicity 

 

24
7 

•Noncoding DNA 

•Nonregulatory DNA 

•3rd position of a codon 
Silent mutation No 

Effects of a point mutation 

Coding DNA  altered AA 
Missense mutation Yes or No 

Coding DNA  stop codon  

 truncated protein  Nonsense mutation Yes 

Phenotypic 

effects 
Types The sites  
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POINT MUTATION 
 

II. Frameshift mutation 
 

1. Insertion  
The addition one or more bases in a DNA region. 
 

2. Deletion 
The loss of one or more bases in a DNA region. 
  

UUU - AGU - GGC - GCG - AGG - CGG - ...   
Phe - Ser - Gly  - Ala - Arg - Arg - ....   
... - UUA - GUG - GCG - CGA - GGC - GG…   
... - Leu - Val - Ala  - Arg - Gly - ... 
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Examples of deletion mutations 
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CHROMOSOMAL ABERRATIONS 
 

1. Structural aberrations  
 

a. Chromatid type aberrations 
 - gap 
 - break 
 - exchange 
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CHROMOSOMAL ABERRATIONS 
 

1. Structural aberrations 
 

b. Chromosome type aberrations 
  

 - deletion 
 - centric ring 
 - acentric ring 
 - pericentric inversion 
 - asymmetrical interchange 
 - symmetrical exchange 
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CHROMOSOMAL ABERRATIONS 
 

2. Numerical aberrations 
 

  (euploid – 2n) set multiplication 
   poliploidy (3n, 4n, …..) 
 

  aneuploidy 
  euploid set  with few chromosome 
 
  nullisomy (2n-2) monosomy (2n-1) 
  trisomy (2n+1) tetrasomy (2n+2) 
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Numerical chromosomal aberration (trisomy 2n+1) 
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MUTAGENESIS  
 
It is the molecular process in which the mutation is 
generated, including direct and indirect mutagenesis. 
 

Mutagenicity 
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MECHANIM OF ACTION 
 

DIRECT (reactive agents directly react with DNA ) 
  alkylating  
  deamination 
  base analogs 
  hydroxylation of base 
  tautomeric shifts 
  bulky adducts 
  intercalations  
  breaking of DNA (X-rays, radioactive radiation) 
  thymine dimer formation  
  

INDIRECT (damage indirectly by different mechanism) 
  damaging of cell defense against superoxide radicals  
  peroxisome proliferators  
  modification of protein/nucleic acid synthesis (base analogs) 
 

Mutagenicity 
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Direct mutagenesis 
 

1. Alkylating 
Alkylating agents are electrophilic chemicals which readily 
add alkyl (e.g. methyl) groups to various positions on nucleic  
acids. 
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Alkylating agents 

Alkylated bases 
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Direct mutagenesis 
 

2. Deamination  
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Direct mutagenesis 
 

3. Base analogs  
Similar to normal bases, so  
incorporated into DNA, but can  
change forms during replication  
and pair differently. 
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Base analogs 
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Direct mutagenesis 
 

4. Hydroxylation of base  
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Direct mutagenesis 
 

5. Tautomeric shifts 

All of the bases in DNA can exist in one of several forms, 

called tautomer, which are isomers that differ in the 

positions of their atoms and in the bonds between the 

atoms. The keto form is normally found in DNA. The 

enol forms of the bases are rare. The complementary 

base pairing of the enols is different from that of the 

keto forms (e.g. hidroxilamin). 
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Mispairing due to tautomeric shifts 
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Direct mutagenesis 
 

6. Bulky adducts 
e.g. PAH (covalent adduct) 
 
A kind of DNA lesions  
that distort the double helix  
and cause localized denaturation. 
These lesions disrupt the normal  
function of the DNA. 
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Direct mutagenesis 
 

7. Intercalations 
 e.g. acridines 
 

8. Strand breakes 
 e.g. ionizing radiation 
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Direct mutagenesis 
 

9. Thymine dimer formation  
 e.g. UV radiation (260 nanometer wavelength) 
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Indirect mutagenesis 
 

1. Damaging of cell defense against superoxide radicals  

 - inhibition of superoxide dismutase (e.g. 

 dithiocarbamate fungicides) 
 

2. Peroxisome proliferators  

 - peroxisomelipid metabolismfree radicalsDNA 

 damage  (e.g. chlorophenoxy-acetic-acid herbicides) 
 

3. Modification of protein/nucleic acid synthesis 

 - inhibition of ribonucleotide reductase e.g.  hydroxyurea 

 - thymine (+)   
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Consequences of mutagenesis 
 

 Numerical changes 
 

  intrauterine death 
 

 Structural changes 
 

  depend on part of chromosome 

   reduced function 

   function loss 

   appearance of a new property 
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Consequences of mutagenesis 
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DNA REPAIR MECHANISMS 
 

DNA repair mechanisms can be classified into different 
categories based on the way of operation. 
 

- Direct correction or direct reversal- reversing the 
damage. 
- Excise the damaged areas and then repair the gap by 
new DNA synthesis. 
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DNA repair mechanisms 
 

I. Repairing of DNA damage before replication 
 

1. Direct correction 
 

 a. Photoreactivation repair 

 Photolyase enzyme can split thymidine dimers: breaks the 
 covalent bond. 
  

 b. Alkyltransferases 
 Alkylation is repaired by enzymatic transfer of methyl 
 group by Methyl Guanine-DNA MethylTransferase.  
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Photoreactivation 
Enzyme Cleaves 
bond between TT’s 

UV 

Visible light 
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I.Repairing of DNA damage before replication 
 
 

1.Direct correction 
 

c. N-glycosylase  
Hypoxanthine product of adenine deamination is recognized, 
removed by hypoxanthine N-glycosylase then replaced by 
adenine.  
 

d. Ligase 
Simple breaks (by ionizing radiation) in one strand are repaired by 
DNA ligase. DNA ligase joins the DNA segments. 
 

e. Cyclase  
Close the opened ring (ring opens  by ionizing radiation). 
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2. Excise the damaged areas and then repair the 

gap by new DNA synthesis  
 

a. Base excision repair 
Repair glycosylase enzyme recognizes the damaged base 

and removes it, the baseless-sugar is then excised, the gap is 

filled by a repair DNA pol and ligase. 
 

b.  Nucleotide excision repair 
Excision Repair (dark repair or nucleotide exision repair –

NER)-not photoactivated, repairs thymidine dimers and 

other distortions in the DNA. 
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Base excision repair 
pathway 
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Nucleotide excision 

repair (NER) of 

thymidine dimer  

and other damage 

induced distortions 

of DNA.  
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II.  Repairing of DNA damage during replication 
 

1. Bypass repair  
 e.g. SOS repair 
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SOS repair 
 

Level of DNA damage exceeds ability of normal repair systems to 
rapidly correct. 
 

RecA cleaves LexA and the SOS induction occurs (also induces any 
prophage). 
 

“Method of last resort”. 
 

Involves “error-prone” DNA synthesis as site of mutation. 
 

Generally used to fill in gaps opposite lesions over which a 
replication fork has passed. 
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III. Repairing of DNA damage after replication 
 

  1. Recombination repair 
 

 2. Copy choise repair 
   
 3. Gap filling repair 
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         Exposition 

 

       DNA damage 

 

     Repair        Mutation Cell death       

        

Germ cell            Somatic cell 
 

Birth defects              Cancer 

Intrauterine death            Ageing 

Final consequences of genotoxic effect 
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Neoplasia – „new growth” 
 

Neoplasia  
It is an abnormality of cell growth. 
 

Cancer – „crab” 
 

Carcinogen 
 

A carcinogen is an agent that can cause cancer or 
shorten the process of tumor development. 
 

Carcinogenicity 
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THEORY  
 

One-stage process 
– moment-like change of one DNA 
• Cohnheim – disconnection 
• Virchow – irritation 
 

Multi-stage process 
– result of more changes 
• mutation of oncogen 
• damaging of suppressor (inhibitor) gene 
 

Carcinogenicity 
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Oncogenes 
Oncogenes are cellular genes that normally stimulates cell 
growth and proliferation.  
An oncogene is a gene that when mutated or expressed at 
abnormally-high levels contributes to converting a normal 
cell into a cancer cell.  
 
 

Tumor suppressor genes 
Tumor suppressor genes are cellular genes that normally 
suppress cell growth and proliferation.  
If tumor suppressor genes were mutated or inactivated it 
will lead to cell transformation  cancer 
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Carcinogen 

Somatic mutation 

Activation of growth  
promoting oncogenes 

Inactivation of cancer 
 supressor genes 

Expression all altered gene products  
and loss of regular gene products 

MALIGNANT NEOPLASIA 
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Phases of mechanism 
 

Initiation 
 - binding covalently to DNA (adducts) 

 - change in the genetic material of the cell 
 - stabilization of mutation 
 

Promotion 
 - changing in cell function 
 - proliferation of tumor cell 
 - increasing cancer 
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Phases of mechanism 
 

Progression 
 - irreversible tumour 
 - grow rapidly without restraint 
 - showing metastases 
 - become malignant 
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Phases of mechanism 
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Angiogenesis 
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Prognosis 
 

Benign tumour 
- slow growth 
- Ø infiltrative, encapsulated  
- Ø form metastases 
  can usually be removed surgically  
 

Malign tumour 
- ability to multiple rapidly 
- invade neighboring tissues 
- forming metastases 
   difficult to remove surgically 
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Metastasis 
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Type of Carcinogen 
 

Genotoxic carcinogen 
 

Direct biological capacity to damage DNA 
 - direct-acting – parent molecule (alkylating agent) 
 - activation-dependent (PAH, nitrosamines) 
 

Properties 
 - hereditary change 
 - irreversible effect 
 - restricted dose-dependent 
 - Ø threshold dose  
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Type of Carcinogen 
 

Epigenetic carcinogen 
 

Ø direct damage DNA 
Operate indirectly by a variety of mechanism 
 - inhibition of nucleic acid synthesis 
 - inhibition of mitosis 
 - immunosuppression 
 

Properties 
 - reversible effect 
 - dose-dependent 
 - threshold dose  
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Carcinogenic agents 
 

Physical 
 - ionizing radiation (leukaemia) 
 - UV radiation (skin) 
 - asbestos (lungs) 
  

 
 

 

Carcinogenicity 

29
9 



TÁMOP-4.1.2.A/2-10/1-2010-0012 

 

Carcinogenic agents 
 

Chemical 

  - As, Cd, Ni 

  - Rd 

  - PAH  

  - vinyl chloride 

  - benzene 

  - rubber manufacturing 

  - conversion of timber 

  - paint manufacturing  
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Carcinogenic agents 
 

Biological 

 - parasites: Schistosoma haematobium 

   Clonorchis sinensis  

 - viruses: HTLV 1, HIV 

   Herpes simplex 2. típ. 

   Eppstein-Barr, Hepatitis B 

   Human Papilloma 

 - bacteria: Helicobacter pylori  
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Carcinogen Risk Assessment  
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Carcinogen Risk Assessment  
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Carcinogen Risk Assessment 
 

Group 1 — The agent is carcinogenic to humans. 
- sufficient evidence of carcinogenicity in humans 
- sufficient evidence of carcinogenicity in experimental 
animals 
 

Group 2A — The agent is probably carcinogenic to 
humans. 
- limited evidence of carcinogenicity in humans 
- sufficient evidence of carcinogenicity in experimental 
animals 
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Carcinogen Risk Assessment 
 

Group 2B — The agent is possibly carcinogenic to humans. 
- limited evidence of carcinogenicity in humans 
- less than sufficient evidence of carcinogenicity in experimental 
animals 
 

Group 3 — The agent is not classifiable as to its carcinogenicity 
to humans. 
- evidence of carcinogenicity is inadequate in humans  
- inadequate or limited evidence of carcinogenicity in 
experimental animals 
 

Group 4 — The agent is probably not carcinogenic to humans. 
- evidence suggesting lack of carcinogenicity in humans and in 
experimental animals 
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Dysfunctions of the immune system 
 

 - inhibition  immunosuppressive effect  

  PAH, heavy metals, alkylating agents, 

  organophosphates 

 

 - stimulation  hypersensitivity  
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 The mechanism of allergy induced by chemicals 
  

  Independent of the dose 
  First meeting with chemical agent  
  chemical agent (hapten) + protein binding 
   antidody production (7-14 days) 

  Repeated meeting with chemical agent 
  chemical agent + antibody 
   allergic reactions 
   hives, dermatitis, oedema, breathing  
   problems 

 Allergic chemicals  
  drugs (e.g. salicylates), pesticides 
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Normal larynx Laryngeal oedema 

vocal chords working.mov
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