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Glossary - Introduction to Toxicology 

 
Dosage: The dose is the total amount of a substance administered to an organism whereas the term dosage 

includes a characteristic of the organism, typically body weight or surface area, and it can be related to 
other organisms, for example as [mg] substance / [kg] body weight –dosage response relationships; 
Usually given as the apparent volume of distribution (VD): Since plasma constitutes only 6% of the total 
body weight (0.06L plasma/kg of body weight), VD can reach values >1; 
VD = Dose / Plasma concentration    [g/L] 

Excretion: Elimination of metabolic waste products from the blood, tissues, or organs. Rapid elimination 
reduces both the likelihood of toxic effects occurring and their duration. The plasma half-life is the time 
required for half the compound to be eliminated from the body and therefore reflects the excretion of the 
compound. 
Bile (via Liver): Excretion into bile is an important route for large polar and amphipathic substances; the 
factors which affect biliary excretion are molecular weight (<300), charge, and the species of organism 
(animal, human). Compounds excreted into the bile are usually eliminated in the faeces. 
Gastrointestinal Tract: Passive diffusion into the lumen of the gut of weak bases, which are non-ionized 
in the plasma; this route is of particular importance for highly soluble compounds. 
Lungs: A rapid route for lipid soluble compounds as the capillary and alveolar membrane are thin and in 
very close proximity to allow gas exchange in breathing. A continuous concentration gradient between 
the blood and the air ensures that volatile compounds are exhaled easily. Elimination rate depends on the 
blood to gas solubility ratio. 
Milk: Excretion into breast milk is an important route for lipid soluble substances (due to high lipid 
content and low pH of 6.5 of milk). 
Miscellaneous: Foreign compounds may be excreted into other body fluids such as sweat, tears, semen, 
or saliva by passive diffusion depending on the lipophilicity of the compound. 
Urine: 25% of the cardiac output of blood flows through both kidneys which filter out a large amount of 
any water-soluble substances into the urine; it involves one of three mechanisms:  
 Filtration from the blood through pores in the glomerulus, 
 Diffusion from the bloodstream into the tubulus,  
 Active transport into the tubular fluid. 
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Metabolism: The physical and chemical processes that living things carry on to maintain life. Organic 

substances which metabolize heavily cannot be detected directly, whereas their end-product can be traced 
e.g. in the urine (polar post-metabolite). The following metabolic reactions can take place: 

Phase-I Reaction: (not valid for inorganic substances) Alteration of the original foreign molecule so as to 
add on a functional group which can then be conjugated in phase-II. 

Hydrolysis: Esters, amides, hydrazides and carbamates can all be metabolized by hydrolysis. The enzyme 
which catalyze these reaction, carboxylesterases and amidases, are usually found in the cytosol, but 
microsomal esterases and amidases are also present in the plasma. 
 Amides: Hydrolysis of some amides is catalyzed by a liver microsomal carboxyl esterase; hydrolysis 

if the acetylamino-group results in deacetylation: 
NHCOCH3-benzene-OC2H5 (phenacetin)  NH2-benzene-OC2H5 (phenetidine) 

Oxidation: Microsomal oxidation catalyzed by mono-oxygenase enzymes found in smooth endo-
plasmatic reticulum are activated by oxygen; other enzymes involved in the oxidation of xenobiotics are 
found in mitochondria and the cytosol (especially in the liver); oxidation reactions can be subdivided into:
 Amine Oxidation: As well as the microsomal enzymes involves in the oxidation of amines, there are a 

number of other amine oxidase enzymes with different subcellular distribution. 
R-benzene-NH2  R-benzene-NHOH  R-benzene-NO 

 Dealkylation: The removal of an alkyl group (e.g. CH3, methyl) from a carrier atom (N, S, O) 
catalyzed by microsomal enzymes; 
N-Dealkylation: R-N-(CH3)2  R-N-CH3-H + HCHO 
O-Dealkylation: R-benzene-OC2H5  R-benzene-OH + CH3CHO 
S-Dealkylation: R-S-CH3  R-S-H + HCHO 

 Deamination: Amine groups can be removed oxidatively via deamination reaction which may by 
catalyzed by catochromes-P450, or other enzymes like monamine oxidase: 

R-CH-CH3  R-C-OH-NH2-CH3  R-C=O-CH3 
 Dehydration: Oxidation of ethanol by alcohol dehydrogenase which is found in the soluble fraction in 

various tissues;  
C2H5OH (ethanol)  CH3-CHO  CH3-COOH (acetic acid) 

 Desulfuration: Replacement of sulfur by oxygen (typical component of insecticides, E605) results in 
an even more toxic substance: 

 S-P-(C2H5O)-O-R  O-P-(C2H5O)-O-R 
 Mono-oxygenase reactions of the cytochrome-P450-enzyme: Cytochrome-P450 complex consists of 

two coupled enzymes (NADPH-reductase and the heme (-FeII-) containing cythochrome-P450; its 
UV-absorption spectrum at 450nm in the activated form); the overall which reaction requires NADPH 
and molecular O2 with S being the substrate is: 

 SH + O2 + NADPH + H+  SOH + H2O + NADP+ 
Aromatic Hydroxylation: Enzymatic oxidation of benzene (phenol being the major metabolite): 

 2Benzene + O2 + 2H+  2Benzene-OH (phenol) 
Epoxidation: Unsaturated aliphatic and 
heterocyclic compounds may be metabolized 
via epoxide intermediates; the oxygen atom 
with the two reactive sites bridges to 
reactive neighboring atoms (see scan); 

Reduction: Enzymes possible for reduction 
may be located both in the mocrosomal and 
the soluble cell fraction. 

 Dehalogenation: The reductive microsomal 
enzyme-mediated removal of a halogen 
atom from a foreign compound. 
Dehalogenation of the insectide DDT is 
catalyzed by glutathione and yields DDE 

CHCl3-(benzene-Cl)2 (DDT)  CH-CHCl2-(benzene-Cl)2 (DDE) + Cl 
 N-groups to amino groups: The reduction of nitro groups is catalyzed by microsomal reductases and 

gut bacterial enzymes: 
NH2-benzene (nitrobenzene)  NH2-benzene (aniline) 
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Phase-II Reaction: (not valid for inorganic substances) If the foreign molecule already possesses a 
functional group suitable for a phase II reaction, a phase I reaction will be unnecessary. 

Conjugation: These reactions involve the addition of foreign compounds of endogenous groups which 
are generally polar and readily available in vivo (need to be activated, hence can also originate from 
phase I reactions); 
 C. w/ acetic acid (HAc): Acetylation is an important route of metabolism for aromatic amines, sulfo-

amines, and hydrazines. It involves an activated conjugating agent (acetyl-CoA): 
R-NH2 + Acetyl-S-CoA  R-NH-COCH3 + CoA-SH 

 C. w/ glucoronic acid: It involves the transfer of glucoronic acid in an activated form to hydroxyl, 
carboxyl, nitrogen sulfur, and occasionally carbon atoms: 

Glucose  Carbonic acid + HOR  Glucoronic acid  
 C. w/ glycine (amino acid): Organic acids are the usual substrates for this reaction which involves 

conjugation with an endogenous amino acid (glycine is the most commonly used AA): 
CO-S-CoA-benzene + NH2-CH2-COOH  CO-NHCH2COOH-benzene (hippuric acid) 

 C. w/ sulfuric acid (H2SO4): The formation of sulfate esters is a major route of conjugation for various 
types of OH-groups; substrate include aliphatic alcohols, phenols, aromatic amines and endogenous 
compounds such as steroids and carbohydrates (mediated by sulfo-transferase): 

R-COH  R-CO-SO3 (esterified sulfuric acid) 
Interaction B/w substances:  

Antagonistic E.: Substances that suppress or even cancel the effect of another substance. 
 Delayed Resorption: Resorption of substance A is hindered by the presence of substance B. 
 Induced Substance Degradation: Any substance that facilitates the degradation of another; once 

application of the inducing degradent ceases, the remaining substance shows an increase effect. 
 Competition: Enzymes involved in the metabolic degradation of foreign substances my be hindered by 

inducing an other substance which slows down the overall rate of decomposition; therefore, reducing 
plasma concentration of toxic metabolites; e.g. methanol versus ethanol (methanol degradation results 
in the formation of formic acid which is far more toxic than acetic acid from ethanol degradation). 

Amplification: Presence of one substance increases the effect of another substance. 
 Competition about protein-bondage: Transport proteins can only work when present in their activated 

form (unloaded); ....the dose makes the poison.... 
 Competition about receptors: Positive stimulation of the effect of one substance by another; e.g. 

alcohol boosts the effect of narcotics. 
 Competition during excretion: Increase of substance effectiveness due to delayed excretion. 

Poisoning: A substance that causes injury, illness, or death, especially by chemical means. According to 
Paracelsus (1493-1541), all substances are poisons; there is none which is not a poison. The right doses 
differentiates a poison from a remedy. 
Classification of P.:  
 Involuntary:  

Business Related P.: Poisoning at the workplace due to unhealthy production methods (chronic). 
Economically Related P.: Improper storage, wrong labeling, of chemicals of daily usage; e.g. 
detergents, etc.  
Medically Related P.: Improper use of medicines (overdose), badly written prescriptions, etc. 

 Intentional:  
Addiction: Misuse of narcotics and other toxifying substances. 
By others: Harm caused by others. 
Self-imposed Damage: Use of poison to induce a status of impaired health (unfit for work). 
Suicide: Use of poison to kill onself. 

Resorption: Resorption of a substance can be summarized in the following 5 steps: 
 Absorption initiates the cycle of  
 Distribution throughout the body tissue; it is followed by  
 Storage in specific tissues (ionic compounds in bony tissue, hydrophobic substances predominantly in 

the adipose - fat - tissue, and hydrophilic homogeneously throughout the body). 
 Metabolic pathways followed by decomposition within metabolic processes of the body (usually by 

the liver) modify the substance; eventually the altered substance can be finally 
 Excreted via kidneys (polar substances), bile (lipophilic substances), lungs (gaseous substances), etc. 

Toxicology: (Gk. toxicon, a poisonous substance) The study of poisons and the treatment of poisoning. 
Environmental T.: One can subdivide environmental pollution into pollution with toxicological 
consequences for man, pollution that changes the biosphere therefore disturbs the biological equilibrium, 
and pollution that affects the aesthetics of the environment. 
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Forensic Medicine and Toxicology: This area has to do with detection of poisons, often in postmortem 
material, for instance, where there is suspicion of murder or attempted murder by poisoning; e.g. 
determination of alcohol concentration in expired air or blood and identification of suspicious substances 
in connection with trade in narcotics, as well as investigations on doping in sports. 

Toxin: A poisonous substance that causes harmful effects in the user. Only those substances that associated with 
a great risk of harmful effects are designated as poisons (any substance which has a harmful effect on 
living system; whether we regard a substance as a poison may depend on its use). 
Deposition of T.: Once in the body, any dissolved substance experiences a certain absorption by the 
tissue; absorption is strongly dependent upon membrane permeability which determines the amount of 
substance being introduced into a cell of the body expressing a distinct effect; 
 Water soluble substances (hydrophilic) are evenly distributed and can be determined indirectly 

(alcohol content in the blood-plasma); 
 Fat soluble substances (lipophilic) are predominantly deposited in the adipose tissues of the body; e.g. 

soporific (= sleeping pills), narcotics and are gradually released - continuos uptake can result in an 
accumulative effect; 

 Ionic substances (especially metal-ions) are predominantly stored in the bony tissues; e.g. Ca2+, Pb2+, 
F-, and in the case of Plutonium (-emitter) extremely dangerous; difficult to get rid of;  

Effects influencing Toxicity:  
Age: Many biological functions are unknown in newborns, whereas some functions are over-tuned in the 
elderly.  
Allergy: Usually of substances with molecular weights >2000;  can be lower if attached to certain 
proteins of the body; e.g. intolerance to penicillin. 
Accumulation.: Accumulation of foreign substances in the body's fat tissue and subsequent delayed 
release increases the overall blood-plasma level beyond tolerability. 
Genetic Factors: Defective or missing enzymes which are not involved in the degradation of a substance; 
e.g. genetically related alteration of cholin-esterase activity which results in a prolonged stimulation by 
neurotransmitters or may even provoke a permanent activation of the synapse (depolarization cannot be 
performed due to the absence of the down-breaking enzyme ACh-ase). 
Miscellaneous E.: Sex, hunger (protein deficiency) body temperature, partial pressure of oxygen 
(adaptation to altitude), etc. also influence the effect of certain foreign substances. 
Tolerance: Reduced responsiveness due to repeated administration.  
 Accelerated elimination due to an of increased or decreased enzyme concentration involved in the 

altering of receptors (enzyme, central nervous system, etc.). 
 Binding of antibodies onto foreign substances. 
 Cell adaptation of the central nervous system (e.g. morphine) requires an ever increasing dosage to 

obtain the same results. 
Uptake: Take-up of any substance can occur in various ways;  

Injection: (L. injectus, to put in) A forcefully introduction of a substance (fluid) into the body; most 
substances injected in this way exhibit a strong but shortened effect; injected substance is not suppressed 
by digestive means. 
 Intramuscular I.: Injection of the substance into muscular tissue; 
 Intraperitoneal I.: Injection into the abdominal cavity; used for rapid resorption especially in 

experimental toxicology;  
 Intravenous I.: Injection of the substance into a vein; 
Lungs: Inhalation of gaseous (vapor) substances; resorption via the alveolar tissue through the epithelial 
wall into the blood; the lungs have a very large surface area, 50-100 m2 in man, they have an excellent 
blood supply, and the barrier between the air in the alveolus and the blood stream may as little as two cell 
membranes thick. Consequently, absorption from the lungs is rapid and efficient. Two factors which 
affect absorption via the lungs are blood flow and breathing rate.  
Oral: (peroral, via the mouth) Uptake of substance (predominantly lipid-soluble) via the gastro-intestinal 
tract (e.g. duodenum); easily reabsorbed by the mucosa of duodenum; effect weakened by delayed 
resorption but usually last longer then an injection. 
Skin (percutane via the skin): Epidermal resorption through healthy skin only by lipophilic substances 
(benzene, nicotine, AsO3, Pb(C2H5)4, etc.); an open wound absorbs a wider spectrum of substances from 
the external environment; polar (H2O, isotopes of Na+, I+, etc.) and gaseous substances (HCN) are easily 
resorbed as well. 

 
 
























































































































































































