University of Liverpool

BIOL367
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Introduction and Aims

This lecture is intended to give an introduction to the interactions of pollutants with ‘biology’. Emphasis will be placed on organic xenobiotics, a class of substance which contains many compounds which can cause environmental harm. A simple conceptual model is presented to describe the fate of xenobiotics in living organisms, as seen from a toxicological point of view. The implications for biological monitoring will be discussed.
Xenobiotics – substances that are ‘foreign’ to a particular organism – not just synthetic or anthropogenic
Particularly concerned with lipophilic organic chemicals

You should at least be aware of the significance of ‘partition coefficients’ such as K(ow).
Fate of chemicals in the environment

As ecotoxicologists we are concerned with the movement and fate of toxic chemicals at both the organism level and that of the whole environment
Fate within organisms

Sites where pollutants can interact:

1. Uptake

2. Metabolism 

3. Action, 

4. Storage 

5. Excretion

Ina animals, xenobiotics are circulated in blood, lymph (or haemolymph)
Toxicokinetics,  toxicodynamics
Toxic Effects

Protective Responses

Non- Protective Responses

Protective Responses

Include induction of enzymes with a detoxifying function

eg Induction of monooxygenases

Induction of proteins that can bind heavy metals

Induction of metallothionene

Protective responses bear an energy cost that may be detrimental

Non- Protective Responses

Inhibition of AchE  (Acetylcholinesterase) – Toxic effects above 50% inhibition

Formation of DNA adducts – may cause mutations

Detoxication

Water solubility – Polarity

Lipophilic contaminants – biotransformation to more soluble form – usually occurs in two Phases:

Phase I
Phase II
Xenobiotic 

Metabolite

Conjugate

(OH- groups are added in Phase I)




Increasing polarity

Many Enzymes involved especially microsomal cytochrome oxidases (P450 ) (inducible)

Stress Proteins

Homeostasis

Inducible enzymes – important in the detoxication of Xenobiotics
Detoxication of lipophilic contaminants – need to be made more water soluble

Trigger protective responses

P450 induction together with enzymes associated with it

Family 1 & 2

Lipophilic contaminants – flat molecules PCBs, PAH & Dioxins

DNA adducts

Repair mechanism

Metallothionenes rich in SH groups 

Lower cellular concentrations by sequestration

Prevention of damage by removal of xenobiotics before they reach the site of action

Molecular mechanisms of activity

eg the pesticide dimilin – acts on the site of formation  of chitin. Thus only affects those arthropods with chitinous exoskeleton

In contrast organophosphorus insecticides that act on the nervous system are toxic to all animals but have little or no toxicity towards plants 

Some compounds show little selective toxicity and may be regarded as general biocides

eg dinitroorthocresol – acts on mitochondrial membranes causing the uncoupling of oxidative phosphorylation

Resistance can develop to pesticides – for example related to the existence of two types of sites where action of the pesticide occurs – (1) interference with the transmission of nervous impulses down axons and (2) interference with the transmission of messages at the synapse
eg insects resistant to organophosphorus pesticides – one amino acid different in acetylcholinesterase

Genotoxic compounds cause damage to DNA – strongly suspected to be a causal relationship with carcinogenetic effects

PAHs including Benzo-a-pyrene from cigarette smoke

Neurotoxins

Natural toxins

Nicotine (tobacco)

Botulinum toxin

Atropine (Belladonna – deadly nightshade

Pyrethrin (Chrysanthemums)

Pesticides

Organochlorines

Organophosphates

Carbamates

Pyrethroids

Act on the sodium channels in the nerve membrane

Mitochondrial Poisons

Various non-selective biocides

eg natural insecticide Rotenone (Derris)

2,4 dinitrophenol

cyanide

Vitamin K Antagonists

Involvement with blood clotting eg Warfarin and related rodenticides

Thyroxine Antagonists

General levels of metabolism & growth eg PCB metabolites
Inhibition of ATPases

Relationship to oviduct and DDE – eggshell thinning
Environmental Oestrogens and Androgens

Effects on Behaviour

Biomarkers

Reading

Walker CH, Hopkin SP, Sibly RM, & Peakall DB. 2001 (2nd Edn) Principles of Ecotoxicology. Taylor Francis, London

Especially relevant: Chpt 5 & 7. Chpt 8 goes into details of physiological effects Chpt 10 introduces biomarkers
Moriarty, F. (1988). (2nd Edn)Ecotoxicology: the study of pollutants in ecosystems. London, Academic Press.

Old but still mainly relevant – 3rd edn (1999) is also available but not currently in the HCL
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